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(54) PRESSURE BOOSTER

(57)  Apressure booster (10) in which drive cylinders
(14, 16) are arranged at both sides of a boost cylinder
(12), and which is equipped with: a pair of pilot valves
(72, 74) equipped with knock pins (90) that come into
contact with pistons (36, 38) of the drive cylinders at a
moving end; and a pair of actuation valves (48, 52) for
switching the supply state of a pressure fluid with respect

to pressure chambers (24a, 26a) of the drive cylinders.
When a piston presses against a knock pin and one or
the other pilot valve thus switches to a first position, the
state in which the pressure fluid is supplied to the pair of
actuation valves is switched and a prescribed fluid pres-
sure acts on the knock pin so as to keep the pilot valve
in the first position.
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Description
Technical Field

[0001] The present invention relates to a pressure
booster for increasing the pressure of a pressurized fluid
and outputting the pressurized fluid.

Background Art

[0002] Conventionally, pressure booster devices have
been known which consecutively increase the pressure
of pressurized fluid by means of reciprocating motion of
pistons and then output the pressurized fluid.

[0003] Forexample,Japanese Laid-Open Patent Pub-
lication No. 08-021404 discloses a pressure booster in
which a pair of boosting cylinders having their respective
pistons directly connected to a piston rod are arranged
soastoface each other,and an energy collecting cylinder
is provided between the pair of boosting cylinders. In this
pressure booster, compressed air is supplied into the
compressing chamber and operating chamber of one of
the boosting cylinders and into the compressing chamber
of the other boosting cylinder, and then the air supplied
into the compressing chamber of that one boosting cyl-
inder is boosted and outputted. Switching operation of
air-supply between the boosting cylinders and of flow
channels connected to the collecting cylinder is per-
formed by reed switches detecting the positions of the
pistons in the boosting cylinders to thereby turn on and
off solenoids of a switching valve accordingly.

[0004] Inthe pressure booster of Japanese Laid-Open
Patent Publication No. 08-021404, the pair of boosting
cylinders each have the operating chamber for driving
the piston and the compressing chamber for compress-
ing the fluid. This may limit flexibility in design. In addition,
since the reed switches and the solenoids are used to
perform the switching operation, electrical means includ-
ing electrical wiring is required.

[0005] Accordingly, the applicant of the presentinven-
tion has filed a patent application of an invention relating
to a pressure booster in which cylinders for driving the
pistons and a cylinder for compressing pressurized fluid
are separately arranged in an organized manner, and
which is capable of performing switching operations with-
out using electrical means (Japanese Patent Application
No. 2017-164945).

[0006] The pressure booster of the above patent ap-
plication includes driving cylinders provided respectively
on both sides of a boosting cylinder, a pair of pilot valves
each having a push rod with which the piston of the cor-
responding driving cylinder comes in contact at its travel
end, and a pair of operating valves for switching the state
of supply of the pressurized fluid from a pressurized fluid
supply source to the pressurizing chambers of the indi-
vidual driving cylinders.
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Summary of Invention

[0007] With the pressure booster of the above patent
application, force with which the piston of each driving
cylinder pushes the push rod becomes weak, for exam-
ple, when the output of the pressure booster has become
close to saturation, and then the push rod may be disad-
vantageously returned by spring force without the pilot
valve being sufficiently switched. The pressure booster
was thus not completely satisfactory. The presentinven-
tion has been devised considering such a situation, and
an object of the presentinvention is to provide a pressure
booster capable of reliably switching the pilot valves even
when the pistons of the driving cylinders push the pilot
valves with a weak force.

[0008] According to the present invention, a pressure
booster in which driving cylinders are provided respec-
tively on both sides of a boosting cylinder includes: a pair
of pilot valves each including a knock pin with which a
piston of a corresponding one of the driving cylinders
comes in contact at a travel end of the piston, and a pair
of operating valves each configured to switch the state
of supply of a pressurized fluid from a pressurized fluid
supply source into a pressurizing chamber of a corre-
sponding one of the driving cylinders. When one or the
other of the pilot valves switches to a first position by the
knock pin of the pilot valve being pushed by the corre-
sponding piston, then the state of supply of the pressu-
rized fluid to the pair of operating valves is switched and
a certain fluid pressure acts on the knock pin so as to
hold the pilot valve in the first position.

[0009] According to the pressure booster above, a
knock pin that has come in contact with the driving cyl-
inder’s piston can be pushed completely to the end by
the certain fluid pressure, and the pilot valve can be kept
in a fully switched position.

[0010] According to the pressure booster of the inven-
tion, the certain fluid pressure acts on the knock pins so
as to keep the pilot valves in the fully switched positions.
Accordingly, even if a driving cylinder’s piston pushes
the knock pin with a weak force, the knock pin can be
pushed completely to the end and the pilot valve can be
switched reliably.

Brief Description of Drawings
[0011]

FIG. 1 is a perspective view illustrating the appear-
ance of a pressure booster according to an embod-
iment of the present invention;

FIG. 2 is aside view of the pressure booster of FIG. 1;
FIG. 3 is a cross sectional view taken along llI-ll of
FIG. 2;

FIG. 4 is a cross sectional view taken along IV-IV of
FIG. 2;

FIG. 5 is a schematic overall diagram illustrating the
pressure booster of FIG. 1 using a circuit diagram;
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FIG. 6 is a cross sectional view of a first pilot valve
of the pressure booster of FIG. 1;

FIG. 7 is a diagram corresponding to FIG. 6, where
the knock pin of the first pilot valve has moved to a
different position;

FIG. 8 is a diagram corresponding to FIG. 6, where
the knock pin of the first pilot valve has moved further
to a different position; and

FIG. 9 is a diagram corresponding to FIG. 5, where
the pressure booster has changed from the state of
FIG. 5 to another state.

Description of Embodiments

[0012] The pressure booster of the present invention
will be described below in detail in connection with pre-
ferred embodiments while referring to the accompanying
drawings. A pressure booster 10 according to an embod-
iment of the invention is installed between a pressurized
fluid supply source (compressor; not shown) and an ac-
tuator (not shown) that operates with the pressurized fluid
whose pressure has been boosted.

[0013] AsshowninFIGS. 1and 3, the pressure booster
10 has a triple cylinder structure including a boosting cyl-
inder 12, a first driving cylinder 14 disposed at one end
of the boosting cylinder 12 (an end on an A1 direction
side), and a second driving cylinder 16 disposed at the
other end of the boosting cylinder 12 (an end on an A2
direction side), which are connected in a row. That is, in
the pressure booster 10, the first driving cylinder 14, the
boosting cylinder 12, and the second driving cylinder 16
are arranged in this order from the A1 direction to the A2
direction.

[0014] A first cover member 18 in the form of a block
is interposed between the first driving cylinder 14 and the
boosting cylinder 12, and a second cover member 20 in
the form of a block is interposed between the boosting
cylinder 12 and the second driving cylinder 16.

[0015] The boosting cylinder 12 includes a boosting
chamber 22 therein, and the first driving cylinder 14 and
the second driving cylinder 16 include afirst driving cham-
ber 24 and a second driving chamber 26 therein, respec-
tively. In this case, a third cover member 28 is fixed at
an end of the first driving cylinder 14 on the A1 side, and
the first cover member 18 is disposed at an end thereof
on the A2 side, thus forming the first driving chamber 24.
Also, the second cover member 20 is disposed at an end
of the second driving cylinder 16 on the A1 side, and an
end thereof on the A2 side is closed by a wall 30, thus
forming the second driving chamber 26.

[0016] As shownin FIG. 3, a piston rod 32 is provided
to pass through the first cover member 18, the boosting
cylinder 12, and the second cover member 20. One end
of the piston rod 32 extends into the first driving chamber
24, and the other end of the piston rod 32 extends into
the second driving chamber 26.

[0017] In the boosting chamber 22, a boosting piston
34 is coupled to a middle portion of the piston rod 32.
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The boosting chamber 22 is thus partitioned into a first
boosting chamber 22a on the A1 side and a second
boosting chamber 22b on the A2 side (see FIG. 5). In the
firstdriving chamber 24, afirstdriving piston 36 is coupled
at one end of the piston rod 32. The first driving chamber
24 is thus partitioned into a pressurizing chamber 24a on
the A1 side and a back pressure chamber 24b on the A2
side (see FIG. 5). Further, in the second driving chamber
26, a second driving piston 38 is coupled to the other end
of the piston rod 32. The second driving chamber 26 is
thus partitioned into a pressurizing chamber 26a on the
A2 side and a back pressure chamber 26b on the A1 side
(see FIG. 5). The boosting piston 34, the first driving pis-
ton 36, and the second driving piston 38 are integrally
connected through the piston rod 32.

[0018] As shown in FIG. 1, the boosting cylinder 12
includes, atan upper portion of the front surface, a supply
port 40 to which a pressurized fluid is supplied from a
pressurized fluid supply source (not shown). As shown
in FIGS. 4 and 5, a fluid supply mechanism is provided
in the interiors of the boosting cylinder 12, the first cover
member 18, and the second cover member 20. The fluid
supply mechanism communicates with the supply port
40 and supplies the supplied pressurized fluid into the
first boosting chamber 22a and the second boosting
chamber 22b. The fluid supply mechanism includes a
first supply passage 42a that allows the supply port 40
and the first boosting chamber 22a to communicate with
each other, and a second supply passage 42b that allows
the supply port 40 and the second boosting chamber 22b
to communicate with each other.

[0019] The first supply passage 42a is provided with a
first supply check valve 42c that permits the flow of fluid
from the supply port 40 to the first boosting chamber 22a
and blocks the flow of fluid from the firstboosting chamber
22a to the supply port 40. The second supply passage
42b is provided with a second supply check valve 42d
that permits the flow of fluid from the supply port 40 to
the second boosting chamber 22b and blocks the flow of
fluid from the second boosting chamber 22b to the supply
port 40.

[0020] As shown in FIG. 1, the boosting cylinder 12
includes an output port 44 formed in a lower portion of
the front surface. Fluid whose pressure is boosted by
boosting operation, which will be described later, is out-
putted from the output port 44 to the outside. As shown
in FIGS. 4 and 5, a fluid output mechanism is provided
in the interiors of the boosting cylinder 12, the first cover
member 18, and the second cover member 20. The fluid
output mechanism communicates with the output port
44, and outputs, from the output port 44, fluid whose pres-
sure has been boosted in the first boosting chamber 22a
or the second boosting chamber 22b. The fluid output
mechanism includes a first output passage 46a that al-
lows the first boosting chamber 22a and the output port
44 to communicate with each other, and a second output
passage 46b that allows the second boosting chamber
22b and the output port 44 to communicate with each
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other.

[0021] The first output passage 46a is provided with a
first output check valve 46¢ that permits the flow of fluid
from the first boosting chamber 22a to the output port 44
and blocks flow of fluid from the output port 44 to the first
boosting chamber 22a. The second output passage 46b
is provided with a second output check valve 46d that
permits the flow of fluid from the second boosting cham-
ber 22b to the output port 44 and blocks flow of fluid from
the output port 44 to the second boosting chamber 22b.
[0022] Next, a configuration of the operating valves will
be described. As shownin FIG. 1, the first driving cylinder
14 includes, on an upper part thereof, a first housing 50
having a first operating valve 48, and the second driving
cylinder 16 includes, on an upper part thereof, a second
housing 54 having a second operating valve 52.

[0023] As shown in FIG. 5, the first operating valve 48
has first to fifth ports 56A to 56E as points of connection
and switching of passages. The first operating valve 48
is configured so as to be capable of switching between
a first position for driving the first driving piston 36 and a
second position for allowing the first driving piston 36 to
follow movement of the second driving piston 38 being
driven.

[0024] The first port 56A is connected to the pressu-
rizing chamber 24a in the first driving cylinder 14 through
a passage 58a. The second port 56B is connected to the
back pressure chamber 24b in the first driving cylinder
14 through a passage 58b. The third port 56C is connect-
ed to the first supply passage 42a through a passage
58c. The fourth port 56D is connected through a passage
58d to a first silencer 62 having a discharge port. The
fifth port 56E is connected to a midway point of the pas-
sage 58a through a passage 58e. The passage 58d has
a first fixed orifice 60 interposed therein.

[0025] When the first operating valve 48 is in the first
position, the first port 56A and the third port 56C com-
municate with each other, and the second port 56B and
the fourth port 56D communicate with each other. Then,
the pressurized fluid from the supply port 40 is supplied
into the pressurizing chamber 24a through the passage
58c and passage 58a, and the fluid in the back pressure
chamber 24b is discharged through the passage 58b and
passage 58d and through the first fixed orifice 60 and the
first silencer 62.

[0026] When the first operating valve 48 is in the sec-
ond position, the first port 56A and the fourth port 56D
communicate with each other, and the second port 56B
and the fifth port 56 E communicate with each other. Then,
part of the fluid in the pressurizing chamber 24a is col-
lected into the back pressure chamber 24b through the
passage 58a, passage 58e, and passage 58b, and the
remaining part is discharged through the passage 58d
and through the first fixed orifice 60 and the first silencer
62.

[0027] The first operating valve 48 further includes a
pilot port 56F for introducing a pilot pressure from a sec-
ond pilot valve 74 which will be described later. The first
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operating valve 48 is in the first position when pressurized
fluid (pilot pressure) is being supplied to the pilot port
56F, anditis in the second position when the pressurized
fluid (pilot pressure) is not being supplied to the pilot port
56F.

[0028] The second operating valve 52 has first to fifth
ports 64A to 64E as points of connection and switching
of passages. The second operating valve 52 is config-
ured so as to be capable of switching between a first
position for driving the second driving piston 38 and a
second position for allowing the second driving piston 38
to follow movement of the first driving piston 36 being
driven.

[0029] The first port 64A is connected to the pressu-
rizing chamber 26a in the second driving cylinder 16
through a passage 66a. The second port 64B is connect-
ed to the back pressure chamber 26b in the second driv-
ing cylinder 16 through a passage 66b. The third port
64C is connected to the second supply passage 42b
through a passage 66c¢. The fourth port 64D is connected
through a passage 66d to a second silencer 70 having a
discharge port. The fifth port 64E is connected to a mid-
way point of the passage 66a through a passage 66e.
The passage 66d has a second fixed orifice 68 interposed
therein.

[0030] When the second operating valve 52 is in the
first position, the first port 64A and the third port 64C
communicate with each other, and the second port 64B
and the fourth port 64D communicate with each other.
Then, the pressurized fluid from the supply port 40 is
supplied into the pressurizing chamber 26a through the
passage 66¢ and passage 66a, and the fluid in the back
pressure chamber 26b is discharged through the pas-
sage 66b and passage 66d and through the second fixed
orifice 68 and the second silencer 70.

[0031] When the second operating valve 52 is in the
second position, the first port 64A and the fourth port 64D
communicate with each other, and the second port 64B
and the fifth port 64E communicate with each other. Then,
part of the fluid in the pressurizing chamber 26a is col-
lected into the back pressure chamber 26b through the
passage 66a, passage 66e, and passage 66b, and the
remaining part is discharged through the passage 66d
and through the second fixed orifice 68 and the second
silencer 70.

[0032] The second operating valve 52 further includes
a pilot port 64F for introducing a pilot pressure from a
first pilot valve 72 which will be described later. The sec-
ond operating valve 52 is in the first position when pres-
surized fluid (pilot pressure) is being supplied to the pilot
port 64F, and it is in the second position when the pres-
surized fluid (pilot pressure) is not being supplied to the
pilot port 64F.

[0033] Next, a configuration of the pilot valves will be
described. The first pilot valve 72 is provided inside the
first cover member 18, and the second pilot valve 74 is
provided inside the second cover member 20.

[0034] The first pilot valve 72 has first to fourth ports
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76A to 76D. The first pilot valve 72 is configured to be
capable of switching between a first position for gener-
ating the pilot pressure for the second operating valve
52 and a second position for eliminating the pilot pres-
sure.

[0035] The first port 76A is connected to the pilot port
64F of the second operating valve 52 through a first pilot
passage 78b. The second port (supply port) 76B is con-
nected to the first supply passage 42a through a passage
78a. The third port 76C constitutes a discharge port. The
fourth port (cooperation port) 76D is connected to a first
port 80A of the second pilot valve 74, which will be de-
scribed later, through a branch passage 82c and a sec-
ond pilot passage 82b described later. Further, a branch
passage 78c connecting to a fourth port 80D of the sec-
ond pilot valve 74, which will be described later, branches
off from the first pilot passage 78b.

[0036] When the first pilot valve 72 is in the first posi-
tion, the first port 76A and the second port 76B commu-
nicate with each other. Then, the pressurized fluid from
the supply port 40 is supplied to the pilot port 64F of the
second operating valve 52 through the passage 78a and
the first pilot passage 78b, and the pressurized fluid is
also supplied to the fourth port 80D of the second pilot
valve 74 (described later) through the branch passage
78c branching off from the first pilot passage 78b.
[0037] When the first pilot valve 72 is in the second
position, the first port 76A and the third port 76C com-
municate with each other. Then, the pressurized fluid that
has been being supplied to the pilot port 64F of the sec-
ond operating valve 52 is discharged through the first
pilot passage 78b, and the pressurized fluid supplied to
the fourth port 80D of the second pilot valve 74 is dis-
charged through the branch passage 78c and first pilot
passage 78b.

[0038] Thesecond pilotvalve 74 has firstto fourth ports
80A to 80D. The second pilot valve 74 is configured to
be capable of switching between a first position for gen-
erating the pilot pressure for the first operating valve 48
and a second position for eliminating the pilot pressure.
[0039] The first port 80A is connected to the pilot port
56F of the first operating valve 48 through the second
pilot passage 82b. The second port (supply port) 80B is
connected to the second supply passage 42b through a
passage 82a. The third port 80C constitutes a discharge
port. The fourth port 80D (cooperation port) is connected
to the first port 76A of the first pilot valve 72 through the
branch passage 78c and the first pilot passage 78b. Fur-
ther, the branch passage 82c connecting to the fourth
port 76D of the first pilot valve 72 branches off from the
second pilot passage 82b.

[0040] When the second pilot valve 74 is in the first
position, the first port 80A and the second port 80B com-
municate with each other. Then, the pressurized fluid
from the supply port 40 is supplied to the pilot port 56F
of the first operating valve 48 through the passage 82a
and second pilot passage 82b, and the pressurized fluid
is also supplied to the fourth port 76D of the first pilot
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valve 72 through the branch passage 82c branching off
from the second pilot passage 82b.

[0041] When the second pilot valve 74 is in the second
position, the first port 80A and the third port 80C com-
municate with each other. Then, the pressurized fluid that
has been being supplied to the pilot port 56F of the first
operating valve 48 is discharged through the second pilot
passage 82b, and the pressurized fluid supplied to the
fourth port 76D of the first pilot valve 72 is discharged
through the branch passage 82c and second pilot pas-
sage 82b.

[0042] Now, referring to FIGS. 6 to 8, a specific struc-
ture of the first pilot valve 72 willbe described. The second
pilot valve 74 has the same structure as the first pilot
valve 72, and so it will not be described herein.

[0043] The first pilot valve 72 includes a valve seat 86
accommodated in a valve container hole 84 formed in
the first cover member 18, a valve seat retainer 88, and
a knock pin 90. The valve container hole 84 is closed on
the side of the boosting cylinder 12 and opens on the
side of the first driving cylinder 14. The valve container
hole 84 includes, at the closed end, a large-diameter hole
portion 84a, and the fourth port 76D communicates with
this large-diameter hole portion 84a.

[0044] The valve container hole 84 further has a small-
diameter hole portion 84b connecting to the large-diam-
eter hole portion 84a, and a medium-diameter hole por-
tion 84c disposed on the opening side of the valve con-
tainer hole and connecting to the small-diameter hole
portion 84b. The first port 76A, the second port 76B, and
the third port 76C communicate with the small-diameter
hole portion 84b of the valve container hole 84. Of these
three ports, the second port 76B is located closest to the
fourth port 76D, and the third port 76C is located farthest
from the fourth port 76D.

[0045] The valve seat 86 having a thin-walled cylindri-
cal shape, and the valve seat retainer 88 having a thick-
walled cylindrical shape, are inserted and fitted into the
small-diameter hole portion 84b of the valve container
hole 84. The valve seat retainer 88 includes one end
surface located at one end in the axial direction and an-
other end surface located at the other end in the axial
direction, the one end surface facing toward the back
pressure chamber 24b of the first driving cylinder 14, the
other end surface abutting against the valve seat 86. A
snap ring 92 abutting on the valve seat retainer 88 is fixed
to the medium-diameter hole portion 84c of the valve
container hole 84. The valve seat 86 and the valve seat
retainer 88 are thus positioned and fixed in the axial di-
rection inside the valve container hole 84. The valve seat
86 is engaged and locked with a step formed at a middle
position of the small-diameter hole portion 84b.

[0046] An annular groove 86a facing the first port 76 A
is formed in the outer periphery of a middle portion of the
valve seat 86 in the axial direction, and an annular recess
86b facing the third port 76C is formed in the outer pe-
riphery of an end of the valve seat 86 in the axial direction
on a side that abuts on the valve seat retainer 88. The
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annular groove 86a of the valve seat 86 communicates
with the inner peripheral side of the valve seat 86 through
a first through hole 86c¢ that penetrates through the valve
seat 86 in the radial direction, and the annular recess
86b of the valve seat 86 communicates with the inner
peripheral side of the valve seat 86 through a second
through hole 86d that penetrates through the valve seat
86 in the radial direction.

[0047] A first seal member 94a and a second seal
member 94b that abut against the small-diameter hole
portion 84b of the valve container hole 84 are fitted into
grooves formed in the outer peripheral surface of the
valve seat 86. The first seal member 94a prevents the
first port 76A and the second port 76B from communi-
cating with each other through the gap between the valve
seat 86 and the valve container hole 84, and the second
seal member 94b prevents the first port 76A and the third
port 76C from communicating with each other through
the gap between the valve seat 86 and the valve con-
tainer hole 84.

[0048] A third seal member 96a abutting against the
small-diameter hole portion 84b of the valve container
hole 84 is fitted into a groove formed in the outer periph-
eral surface of the valve seat retainer 88, and a fourth
seal member 96b in sliding contact with the knock pin 90
is fitted into a groove formed in the inner peripheral sur-
face of the valve seat retainer 88. The third seal member
96a and the fourth seal member 96b provide a seal be-
tween the third port 76C and the back pressure chamber
24b of the first driving cylinder 14.

[0049] The knock pin 90 has a large-diameter shaft
portion 90a, a medium-diameter shaft portion 90b, and
a small-diameter shaft portion 90c. The large-diameter
shaft portion 90a is inserted and fitted into the small-di-
ameter hole portion 84b of the valve container hole 84.
The medium-diameter shaft portion 90b is inserted and
fitted into the inside of the valve seat 86 in such a manner
that part of the shaft portion 90b protrudes from the valve
seat 86, and the part protruding from the valve seat 86
faces the small-diameter hole portion 84b of the valve
container hole 84 at a certain interval in the radial direc-
tion. The small-diameter shaft portion 90c is inserted and
fitted into the inside of the valve seat retainer 88.
[0050] A first packing 98a in sliding contact with the
small-diameter hole portion 84b of the valve container
hole 84 isfitted into a groove formed in the large-diameter
shaft portion 90a of the knock pin 90. The first packing
98a provides a seal between the second port 76B and
the fourth port 76D. A second packing 98b and a third
packing 98c that can be in sliding contact with the inner
peripheral surface of the valve seat 86 are fitted into
grooves formed in the medium-diameter shaft portion
90b of the knock pin 90. The outer periphery of the me-
dium-diameter shaft portion 90b of the knock pin 90 has,
formed therein, an annular groove 90d between the por-
tion where the second packing 98b is fitted and the por-
tion where the third packing 98c is fitted.

[0051] The knock pin 90 can slide between a position
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where its end on the large-diameter shaft portion 90a
side contacts the bottom surface (closed end surface) of
the valve container hole 84 and a position where a step
surface 90e between the medium-diameter shaft portion
90b and the small-diameter shaft portion 90c contacts
the end surface of the valve seat retainer 88. When the
knock pin 90 contacts the end surface of the valve seat
retainer 88, the length that the small-diameter shaft por-
tion 90c of the knock pin 90 projects into the back pres-
sure chamber 24b of the first driving cylinder 14 (herein-
after referred to as "projecting length of the knock pin")
becomes the maximum. The firstdriving piston 36 comes
in contact with the end of the knock pin 90 on its small-
diameter shaft portion 90c side and presses the knock
pin 90 in the direction toward the bottom surface of the
valve container hole 84.

[0052] The annular groove 90d of the knock pin 90
communicates with the annular groove 86a through the
first through hole 86¢ in the valve seat 86, irrespective
ofthe projecting length of the knock pin 90. In other words,
the annular groove 90d of the knock pin 90 always com-
municates with the first port 76A irrespective of the po-
sition of the knock pin 90. Further, the second port 76B
always communicates with the gap formed between the
medium-diameter shaft portion 90b of the knock pin 90
and the small-diameter hole portion 84b of the valve con-
tainer hole 84.

[0053] When the projecting length of the knock pin 90
is large, the second packing 98b contacts the inner sur-
face of the valve seat 86, and the third packing 98c sep-
arates away from the inner surface of the valve seat 86
(see FIG. 6). Accordingly, the first port 76A communi-
cates with the third port 76C through the gap between
the inner surface of the valve seat 86 and the knock pin
90 including the annular groove 90d of the knock pin 90,
and through the second through hole 86d and the annular
recess 86b of the valve seat 86.

[0054] When thefirstdriving piston 36 comes in contact
with the knock pin 90 and the projecting length of the
knock pin 90 becomes somewhat shorter thanin the state
described above, then both the second packing 98b and
the third packing 98c contact the inner surface of the
valve seat 86 (see FIG. 7). Accordingly, the first port 76 A
does not communicate with either of the second port 76B
and the third port 76C.

[0055] When the projecting length of the knock pin 90
is small, the second packing 98b separates away from
the inner surface of the valve seat 86 and the third packing
98c contacts the inner surface of the valve seat 86 (see
FIG. 8). Accordingly, the first port 76 A communicates with
the second port 76B through the gap between the inner
surface of the valve seat 86 and the knock pin 90 including
the annular groove 90d of the knock pin 90 and through
the gap formed between the medium-diameter shaft por-
tion 90b of the knock pin 90 and the small-diameter hole
portion 84b of the valve container hole 84.

[0056] When the pressurized fluid is supplied into the
fourth port 76D, then the knock pin 90 is pushed in such
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a direction that its projecting length increases. This is
because the area (pressure receiving area) on which the
fluid pressure at the fourth port 76D acts in the direction
to increase the projecting length of the knock pin 90 is
larger than the area (pressure receiving area) on which
the fluid pressure at the second port 76B acts in the di-
rectionto reduce the projecting length of the knock pin 90.
[0057] On the other hand, when the pressurized fluid
is not supplied into the fourth port 76D, then the knock
pin 90 is pressed in such a direction that its projecting
length decreases. This is because the fluid pressure at
the fourth port 76D acting in the direction to increase the
projecting length of the knock pin 90 disappears, while
the fluid pressure at the second port 76B acting in the
direction to reduce the projecting length of the knock pin
90 is maintained.

[0058] The pressure booster 10 of the firstembodiment
of the present invention is configured basically as de-
scribed above. Next, its operations, and functions and
effects will be described. As shown in FIG. 5, it is as-
sumed that, in the initial position, the first operating valve
48 has switched to the second position, the second op-
erating valve 52 has switched to the first position, and
the boosting piston 34 is positioned close to the center
in the boosting chamber 22. In the description below, in
order to distinguish the knock pin of the first pilot valve
72 and the knock pin of the second pilot valve 74, the
former will be referred to as "knock pin 90-1" and the
latter will be referred to as "knock pin 90-2". Further, in
order to distinguish the valve container hole of the first
pilot valve 72 and the valve container hole of the second
pilot valve 74, the former will be referred to as "valve
container hole 84-1" and the latter will be referred to as
"valve container hole 84-2".

[0059] In this initial position, the pressurized fluid is
supplied from the pressurized fluid supply source to the
supply port 40, and then the pressurized fluid flows into
the first supply passage 42a and the second supply pas-
sage 42b. Then, the pressurized fluid is introduced into
the first boosting chamber 22a and the second boosting
chamber 22b of the boosting cylinder 12 through the first
supply check valve 42c and the second supply check
valve 42d.

[0060] Part of the pressurized fluid supplied from the
supply port 40 is supplied into the pressurizing chamber
26ain the second driving cylinder 16 through the passage
66¢, the second operating valve 52 being in the first po-
sition, and the passage 66a. The pressurized fluid sup-
plied into the pressurizing chamber 26a drives the sec-
ond driving piston 38 in the A1 direction. Then, the boost-
ing piston 34, which is integrally coupled to the second
driving piston 38, slides to boost the pressure of the pres-
surized fluid in the first boosting chamber 22a of the
boosting cylinder 12. The boosted pressurized fluid is
guided through the first output passage 46a and the first
output check valve 46¢ to the output port 44 and is out-
putted therefrom.

[0061] On the other hand, the first driving piston 36,
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which is integrally coupled to the second driving piston
38, slides, and then the volume of the pressurizing cham-
ber 24a in the first driving cylinder 14 becomes small.
Since thefirstoperating valve 48 isin the second position,
part of the pressurized fluid in the pressurizing chamber
24a is collected into the back pressure chamber 24b
through the passage 58a, passage 58e, and passage
58b, and the remaining part thereofis discharged through
the passage 58d.

[0062] As explained earlier, in the process in which the
boosting piston 34 moves from the initial position to a
certain distance in the A1 direction, the first pilot valve
72 is in the first position and so the pressurized fluid from
the supply port 40 is being supplied to the fourth port 80D
of the second pilot valve 74 through the first pilot valve
72. On the other hand, the second pilot valve 74 is in the
second position, and so the pressurized fluid is not sup-
plied to the fourth port 76D of the first pilot valve 72. Ac-
cordingly, in the first pilot valve 72, the knock pin 90-1 is
urged in the direction to reduce the projecting length of
the knock pin 90-1, and therefore the first pilot valve 72
is stably kept in the first position. On the other hand, in
the second pilot valve 74, the knock pin 90-2 is urged in
the direction to increase the projecting length of the knock
pin 90-2, and therefore the second pilot valve 74 is stably
kept in the second position.

[0063] Then, as shown in FIG. 9, in the vicinity of the
stroke end of the displacement of the boosting piston 34
in the A1 direction, the second driving piston 38 comes
in contact with the knock pin 90-2 of the second pilot
valve 74. The knock pin 90-2 is pushed and displaced
by the second driving piston 38, causing the first port 80A
and the second port 80B of the second pilot valve 74 to
communicate with each other. Then, the pressurized fluid
from the supply port 40 is supplied to the pilot port 56F
of the first operating valve 48 through the second pilot
passage 82b, and also supplied to the fourth port 76D of
the first pilot valve 72 through the branch passage 82c.
This causes the first operating valve 48 to switch to the
first position and the first pilot valve 72 to switch to the
second position.

[0064] When the first pilot valve 72 has switched to the
second position, the pressurized fluid that was being sup-
plied to the pilot port 64F of the second operating valve
52 flows through the first pilot passage 78b and is then
discharged from the third port 76C of the first pilot valve
72. This causes the second operating valve 52 to switch
to the second position.

[0065] Further, when the first pilot valve 72 has
switched to the second position, the pressurized fluid that
was being supplied to the fourth port 80D of the second
pilot valve 74 is discharged from the third port 76C of the
first pilot valve 72 through the branch passage 78c and
the first pilot passage 78b. Accordingly, in the second
pilot valve 74, the fluid pressure acts in the direction to
reduce the projecting length of the knock pin 90-2. Then,
the knock pin 90-2, which has been pushed by the second
driving piston 38 and displaced to a position at which the
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first port 80A and the second port 80B of the second pilot
valve 74 communicate with each other, is further sub-
jected to the fluid pressure, and is kept in the position in
which the knock pin 90-2 abuts against the bottom sur-
face of the valve container hole 84-2. That s, the second
pilot valve 74 is stably kept in the first position. The state
in which the second pilot valve 74 is kept in the first po-
sition is maintained until the first driving piston 36 is driven
in the A2 direction and displaces the knock pin 90-1, as
will be described later.

[0066] This time, part of the pressurized fluid supplied
from the supply port 40 is supplied into the pressurizing
chamber 24a in the first driving cylinder 14 through the
passage 58c, the first operating valve 48 being in the first
position, and the passage 58a. The pressurized fluid sup-
plied into the pressurizing chamber 24a drives the first
driving piston 36 in the A2 direction. This causes the
boosting piston 34, which is integrally coupled to the first
driving piston 36, to slide to boost the pressure of the
pressurized fluid in the second boosting chamber 22b of
the boosting cylinder 12. The boosted pressurized fluid
is guided through the second output passage 46b and
the second output check valve 46d to the output port 44
and is outputted therefrom.

[0067] On the other hand, the second driving piston
38, which is integrally coupled to the first driving piston
36, slides, and then the volume of the pressurizing cham-
ber 26a in the second driving cylinder 16 becomes small.
Since the second operating valve 52 is in the second
position, part of the pressurized fluid in the pressurizing
chamber 26ais collected into the back pressure chamber
26b through the passage 66a, passage 66e, and pas-
sage 66b, and the remaining part thereof is discharged
through the passage 66d.

[0068] Then, in the vicinity of the stroke end of the dis-
placement of the boosting piston 34 in the A2 direction,
the first driving piston 36 comes in contact with the knock
pin 90-1 of the first pilot valve 72. The knock pin 90-1 is
pressed and displaced by the first driving piston 36, caus-
ing the first port 76A and the second port 76B of the first
pilot valve 72 to communicate with each other. Then, the
pressurized fluid from the supply port 40 is supplied to
the pilot port 64F of the second operating valve 52
through the first pilot passage 78b, and also supplied to
the fourth port 80D of the second pilot valve 74 through
the branch passage 78c. This causes the second oper-
ating valve 52 to switch to the first position and the second
pilot valve 74 to switch to the second position.

[0069] When the second pilot valve 74 has switched
to the second position, the pressurized fluid that was be-
ing supplied to the pilot port 56F of the first operating
valve 48 is discharged from the third port 80C of the sec-
ond pilot valve 74 through the second pilot passage 82b.
This causes the first operating valve 48 to switch to the
second position.

[0070] Further, when the second pilot valve 74 has
switched to the second position, the pressurized fluid that
was being supplied to the fourth port 76D of the first pilot
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valve 72 is discharged from the third port 80C of the sec-
ond pilot valve 74 through the branch passage 82c and
the second pilot passage 82b. Accordingly, in the first
pilot valve 72, the fluid pressure acts in the direction to
reduce the projecting length of the knock pin 90-1. Then,
the knock pin 90-1, which was pushed by the first driving
piston 36 and displaced to a position at which the first
port 76A and the second port 76B of the first pilot valve
72 communicate with each other, is further subjected to
the fluid pressure, and is kept in the position in which the
knock pin 90-1 abuts on the bottom surface of the valve
container hole 84-1. That is, the first pilot valve 72 is
stably kept in the first position. The state in which the first
pilot valve 72 is kept in the first position is maintained
until the second driving piston 38 is driven again in the
A1 direction and displaces the knock pin 90-2. After this,
in the same way, the boosting piston 34 repeats the re-
ciprocating movement and the boosted pressurized fluid
is continuously outputted from the output port 44.
[0071] According to the pressure booster 10 of the em-
bodiment, the knock pin 90-1 is pushed by the first driving
piston 36 and displaced to such a position as to cause
the first port 76A and the second port 76B of the first pilot
valve 72 to communicate with each other, then the knock
pin 90-1 is further pushed by a certain fluid pressure to
a position where the knock pin 90-1 abuts on the bottom
surface of the valve container hole 84-1, and as a result,
the knock pin 90-1 can be kept in this position. In the
same way, after the knock pin 90-2 is pushed by the
second driving piston 38 and displaced to such a position
as to cause the first port 80A and the second port 80B
of the second pilot valve 74 to communicate with each
other, the knock pin 90-2 is further pushed by a certain
fluid pressure to a position where the knock pin 90-2
abuts on the bottom surface of the valve container hole
84-2, and as a result, the knock pin 90-2 can be kept in
this position.

[0072] Further, the first operating valve 48 switches to
the first position when the pilot pressure is supplied from
the second pilot valve 74 configured to switch its position
in cooperation with the first pilot valve 72, and the first
operating valve 48 switches to the second position when
the supply of the pilot pressure from the second pilot valve
74 disappears. In the same way, the second operating
valve 52 switches to the first position when the pilot pres-
sure is supplied from the first pilot valve 72 configured to
switch its position in cooperation with the second pilot
valve 74, and the second operating valve 52 switches to
the second position when the supply of the pilot pressure
from the first pilot valve 72 disappears. Thus, the first
operating valve 48 and the second operating valve 52
operate stably and switch at the same time.

[0073] Further, part of the fluid that was supplied into
the pressurizing chamber 24a in order to drive the first
driving piston 36 is collected into the back pressure cham-
ber 24b when the first driving piston 36 is driven in con-
junction with movement of the second driving piston 38,
and thus it is possible to reduce the consumption of the
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pressurized fluid. In the same way, part of the fluid that
was supplied into the pressurizing chamber 26a in order
to drive the second driving piston 38 is collected into the
back pressure chamber 26b when the second driving pis-
ton 38 is driven in conjunction with movement of the first
driving piston 36, and thus it is possible to reduce the
consumption of the pressurized fluid.

[0074] The pressure booster according to the present
invention is not limited to the embodiments described
above, but can of course adopt various configurations
without departing from the essence and gist of the
present invention.

Claims

1. A pressure booster in which driving cylinders (14,
16) are provided respectively on both sides of a
boosting cylinder (12), the pressure booster com-
prising:

a pair of pilot valves (72, 74) each including a
knock pin (90) with which a piston (36, 38) of a
corresponding one of the driving cylinders
comes in contact at a travel end of the piston;
and a pair of operating valves (48, 52) each con-
figured to switch a state of supply of a pressu-
rized fluid from a pressurized fluid supply source
into a pressurizing chamber (24a, 26a) of a cor-
responding one of the driving cylinders,
wherein, when one or another of the pilot valves
switches to a first position by the knock pin of
the pilot valve being pushed by the correspond-
ing piston, then a state of supply of the pressu-
rized fluid to the pair of operating valves is
switched and a certain fluid pressure acts on the
knock pin so as to hold the pilot valve in the first
position.

2. The pressure booster according to claim 1, wherein
a position of another of the operating valves is
switched depending on presence or absence of a
pilot pressure supplied from the one of the pilot
valves, and a position of one of the operating valves
is switched depending on presence or absence of a
pilot pressure supplied from the other of the pilot
valves.

3. The pressure booster according to claim 1, wherein
the one of the pilot valves has a supply port to which
the pressurized fluid is always supplied and a coop-
eration port to which the pressurized fluid is supplied
through the other of the pilot valves, and the other
of the pilot valves has a supply port to which the
pressurized fluid is always supplied and a coopera-
tion port to which the pressurized fluid is supplied
through the one of the pilot valves, and wherein,
when the pressurized fluid is supplied to the coop-
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eration port of the one or the other of the pilot valves,
then the knock pin of the pilot valve is urged in a
direction in which the pilot valve moves toward a sec-
ond position, and when the pressurized fluid is not
supplied to the cooperation port, then the certain fluid
pressure acts on the knock pin.

The pressure booster according to claim 3, wherein,
when the one of the pilot valves is in the first position,
a pilot pressure is supplied to another of the operat-
ing valves and the pressurized fluid is supplied to
the cooperation port of the other of the pilot valves,
and when the other of the pilot valves is in the first
position, the pilot pressure is supplied to one of the
operating valves and the pressurized fluid is supplied
to the cooperation port of the one of the pilot valves.

The pressure booster according to claim 1, wherein
each of the operating valves switches between a
state that the pressurized fluid is supplied into the
pressurizing chamber of the corresponding one of
the driving cylinders and a pressurized fluid in a back
pressure chamber (24b, 26b) of the driving cylinder
is discharged, and a state that part of the pressurized
fluid in the pressurizing chamber of the driving cyl-
inder is collected into the back pressure chamber of
the driving cylinder.
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