EP 3 835 600 A1

Patent Office

s et (11) EP 3 835 600 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e Hllm”“mm||m||‘||ml”l‘llml‘lml |HH||H‘||‘|M||H‘|H||‘
Patentamt
0 European

(43) Date of publication: (51) IntCl.:
16.06.2021 Bulletin 2021/24 F15B 15/14 (2006.01)
(21) Application number: 19859799.9 (86) International application number:
PCT/JP2019/032236

(22) Date of filing: 19.08.2019
(87) International publication number:

WO 2020/054322 (19.03.2020 Gazette 2020/12)

(84) Designated Contracting States: * TAKAKUWA, Youiji

AL AT BE BG CH CY CZDE DK EE ES FI FR GB Tsukubamirai-shi, Ibaraki 300-2493 (JP)
GRHRHUIEISITLILT LULV MC MK MT NL NO « MONDEN, Kengo
PL PT RO RS SE SI SK SM TR Tsukubamirai-shi, Ibaraki 300-2493 (JP)
Designated Extension States: * NAGURA, Seiichi
BA ME Tsukubamirai-shi, Ibaraki 300-2493 (JP)
KH MA MD TN * SOMEYA, Kazutaka
Tsukubamirai-shi, Ibaraki 300-2493 (JP)
(30) Priority: 13.09.2018 JP 2018171907 *« KAZAMA, Akihiro

Tsukubamirai-shi, Ibaraki 300-2493 (JP)
(71) Applicant: SMC Corporation

Tokyo 101-0021 (JP) (74) Representative: Keil & Schaafhausen
Patentanwélte PartGmbB
(72) Inventors: FriedrichstraBe 2-6
* TAKADA, Yoshiyuki 60323 Frankfurt am Main (DE)

Tokyo 101-0021 (JP)

(54) HYDRAULIC CYLINDER
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a high-pressure fluid is sealed in two axially adjacent 10
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the pressure chambers in which the high-pressure fluid
is sealed. Next, when the operation piston (20) has
moved to an end side, the flow of the fluid between the
two pressure chambers is blocked by a boost switching
mechanism (33) such that the high-pressure fluid in one
of the pressure chambers is discharged.
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Description
Technical Field

[0001] The presentinvention relates to afluid pressure
cylinder (hydraulic cylinder).

Background Art

[0002] There are cases in which, in working machines
such as clamping devices and locking devices, a large
driving force is required in the latter half of a working
process while such a large driving force is not required
in the first half of the working process. For dealing with
such cases, there has been proposed a fluid pressure
cylinder with a booster mechanism, which increases
thrust force in the latter half of a forward stroke of a piston
rod by using the booster mechanism, as a fluid pressure
cylinder used in such working machines.

[0003] For example, a fluid pressure cylinder de-
scribed in Japanese Laid-Open Patent Publication No.
2018-017269 includes a booster piston serving as a
booster mechanism, and the booster piston is locked on-
to apiston rod in the middle of a stroke to thereby increase
thrust force.

Summary of Invention

[0004] Toreduce energyconsumption, afurtherreduc-
tion in the consumption of working fluid is required for
the fluid pressure cylinder with the booster mechanism.
[0005] The presentinvention has been devised taking
into consideration the aforementioned problem, and has
the object of providing a fluid pressure cylinder with a
booster function, which is capable of reducing the con-
sumption of working fluid without complicated structures.
[0006] Accordingtoan aspect of the presentinvention,
a fluid pressure cylinder includes a cylinder body includ-
ing a slide hole extending in an axial direction, a partition
wall separating the slide hole into a working cylinder
chamber on a head side and a booster cylinder chamber
on an end side, a working piston disposed in the working
cylinder chamber and partitioning the working cylinder
chamber into a first pressure chamber on the head side
and a second pressure chamber on the end side, aboost-
er piston disposed in the booster cylinder chamber and
partitioning the booster cylinder chamber into a third
pressure chamber on the head side and a fourth pressure
chamber on the end side, and a piston rod connected to
the working piston and the booster piston, the piston rod
penetrating through the partition wall and protruding out
toward the end side. High-pressure fluid is enclosed in
two adjacent pressure chambers among the first pres-
sure chamber, the second pressure chamber, the third
pressure chamber, and the fourth pressure chamber. The
fluid pressure cylinder further includes a boost switching
mechanism configured to allow communication of the
high-pressure fluid between the two pressure chambers
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while the working piston is located on the head side of a
predetermined position, and configured to, when the
working piston moves to the end side of the predeter-
mined position, block the communication of the high-
pressure fluid between the two pressure chambers and
discharge the high-pressure fluid in one of the two pres-
sure chambers.

[0007] In accordance with the fluid pressure cylinder
according to the present invention, the high-pressure flu-
id is enclosed in the two adjacent pressure chambers
among the first to fourth pressure chambers. When the
working piston is located on the head side of the prede-
termined position, the fluid pressure cylinder allows the
communication of the high-pressure fluid between the
two adjacent pressure chambers. In this case, no pres-
sure difference occurs between the two adjacent pres-
sure chambers, resulting in no increase in thrust force.
When the working piston moves to the vicinity of an end-
of-stroke position, the fluid pressure cylinder blocks the
communication between the two adjacent pressure
chambers and discharges the high-pressure fluid in one
ofthe pressure chambers. This produces thrust force cor-
responding to the pressure difference between the two
adjacent pressure chambers, increasing the thrust force
on the piston rod near the stroke end. Since the high-
pressure fluidis discharged when the piston rod is located
on the end side of the stroke, the amount of fluid used to
increase the thrust force can be reduced.

Brief Description of Drawings
[0008]

FIG. 1 is a cross-sectional view of a fluid pressure
cylinder according to a first embodiment, including
a partially enlarged cross-sectional view of a third
check valve 56;

FIG. 2 is a side view of the fluid pressure cylinder in
FIG. 1 viewed from an end side;

FIG. 3Ais an enlarged cross-sectional view of a part
adjacent to a partition wall of the fluid pressure cyl-
inder in FIG. 1, and FIG. 3B is an enlarged cross-
sectional view of a state in which a working piston is
disposed adjacent to the partition wall in FIG. 3A;
FIG. 4A is a fluid circuit diagram illustrating a con-
nection state of the fluid pressure cylinder according
to the embodiment during a working process, and
FIG. 4B is a fluid circuit diagram illustrating a con-
nection state of the fluid pressure cylinder in FIG. 4A
during a return process;

FIG. 5 is a cross-sectional view of the fluid pressure
cylinder in FIG. 1 during the working process;

FIG. 6 is a cross-sectional view of the fluid pressure
cylinder in FIG. 1 during a boosting process;

FIG. 7 is a cross-sectional view (View 1) of the fluid
pressure cylinderin FIG. 1 during the return process;
FIG. 8 is a cross-sectional view (View 2) of the fluid
pressure cylinderin FIG. 1 during the return process;
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FIG. 9A is a plan view of a fluid pressure cylinder
according to a second embodiment, and FIG. 9B is
a side view of the fluid pressure cylinder in FIG. 9A;
FIG. 10 is a cross-sectional view of the fluid pressure
cylinder in FIG. 9A at a start-of-stroke position;
FIG. 11A is a fluid circuit diagram of a drive device
of the fluid pressure cylinder in FIG. 9A illustrating a
connection state when a switching valve is in a first
position, and FIG. 11B is a fluid circuit diagram illus-
trating a connection state when the switching valve
ofthe drive device in FIG. 11Aisinasecond position;
and

FIG. 12is a cross-sectional view of the fluid pressure
cylinder in FIG. 9A during the boosting process.

Description of Embodiments

[0009] Preferredembodiments of the presentinvention
will be described in detail below with reference to the
accompanying drawings. The ratio of the dimensions in
the drawings may be exaggerated and differ from the
actual ratio for convenience of explanation. In this de-
scription, a direction toward an end-of-stroke position is
referred to as "end direction" or "end side", and a direction
where a start-of-stroke position is located is referred to
as "head direction" or "head side". Moreover, in this de-
scription, "air" refers to working fluid in gaseous form and
is not limited in particular to air.

(First Embodiment)

[0010] As illustrated in FIGS. 4A and 4B, a fluid pres-
sure cylinder 10 according to this embodiment includes
a cylinder body 12 and a drive device 120.

[0011] As illustrated in FIG. 1, the fluid pressure cylin-
der 10 includes the cylinder body 12 extending in the
axial direction. The cylinder body 12 may have a rectan-
gular shape as illustrated in FIG. 2 and is composed of,
for example, a metal material such as aluminum alloy.
[0012] As illustrated in FIG. 1, the cylinder body 12
contains, formed therein, a circular slide hole 12a (cylin-
der chamber) extending in the axial direction. The cylin-
der body 12 includes a head-side body portion 14 dis-
posed on the head side, an end-side body portion 16
disposed onthe end side, and a partition wall 26 disposed
between the head-side body portion 14 and the end-side
body portion 16. As illustrated in FIG. 2, the head-side
body portion 14, the partition wall 26, and the end-side
body portion 16 are fastened together in the axial direc-
tion by connecting rods or bolts 16b.

[0013] As illustrated in FIG. 1, the head-side body por-
tion 14 contains, formed therein, a circular working cyl-
inder chamber 14a, and the end-side body portion 16
contains, formed therein, a circular booster cylinder
chamber 16a. The working cylinder chamber 14a and
the booster cylinder chamber 16a have an identical inner
diameter and constitute the slide hole 12a of the cylinder
body 12. The working cylinder chamber 14a and the
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booster cylinder chamber 16a are separated by the par-
tition wall 26.

[0014] A working piston 20 is disposed in the working
cylinder chamber 14a, and a booster piston 22 is dis-
posed in the booster cylinder chamber 16a. The working
piston 20 and the booster piston 22 are connected to a
piston rod 18 extending toward the end side and pene-
trating through the partition wall 26 and the cylinder body
12.

[0015] The head-side body portion 14 is provided with
a head-side port 28, a head cover 46, and the working
piston 20. The head cover 46 is attached to the head-
side end of the working cylinder chamber 14a, and seals
the head side of the working cylinder chamber 14a.
[0016] The head-side port 28 is provided adjacent to
the head cover 46. The head-side port 28 penetrates
through the head-side body portion 14. The head-side
port 28 communicates with the working cylinder chamber
14a (first pressure chamber 38) via an opening 28a pro-
vided adjacent to the head-side end of the working cyl-
inder chamber 14a.

[0017] The working piston 20 is accommodated inside
the working cylinder chamber 14a so as to be slidable in
the axial direction. An annular packing receiving groove
21ais formed in the outer circumferential surface of the
working piston 20, and a packing 21 is disposed into the
packing receiving groove 21a. The packing 21 comes
into close contact with the inner circumferential surface
of the working cylinder chamber 14a while elastically de-
forming, and thereby airtightly partitions the working cyl-
inder chamber 14a into the first pressure chamber 38
and a second pressure chamber 40. The first pressure
chamber 38 is an empty chamber formed between the
working piston 20 and the head cover 46 and is located
on the head side of the working piston 20. The second
pressure chamber 40 is an empty chamber formed be-
tween the working piston 20 and the partition wall 26 and
is located on the end side of the working piston 20. The
first pressure chamber 38 communicates with the head-
side port 28 via the opening 28a.

[0018] The working piston 20 is connected to the piston
rod 18 at a head-side connection portion 18a of the piston
rod 18 and displaceable integrally with the piston rod 18.
[0019] The end-side body portion 16 is provided with
the booster piston 22, a rod cover 48, an end-side port
30, and an auxiliary path 76.

[0020] The booster piston 22 is disposed inside the
booster cylinder chamber 16a in the end-side body por-
tion 16 so as to be slidable in the axial direction. An an-
nular packing receiving groove 23a and an annular mag-
net receiving groove 24a are formed in the outer circum-
ferential surface of the booster piston 22. An annular
packing 23 composed of an elastic material such as rub-
ber is mounted into the packing receiving groove 23a. A
circular ring-shaped magnet 24 is mounted into the mag-
net receiving groove 24a. A wear ring (not illustrated) is
attached to an outer circumferential portion of the magnet
24,
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[0021] The booster piston 22 airtightly partitions the
booster cylinder chamber 16a into a third pressure cham-
ber 42 and a fourth pressure chamber 44 via the packing
23. The third pressure chamber 42 is an empty chamber
formed between the booster piston 22 and the partition
wall 26 and is located on the head side of the booster
piston 22. The fourth pressure chamber 44 is an empty
chamber formed between the booster piston 22 and the
rod cover 48 and is located on the end side of the booster
piston 22. The fourth pressure chamber 44 communi-
cates with the end-side port 30.

[0022] An annular damper receiving groove 25a is
formed in the head-side end face of the booster piston
22, and a damper 25 is mounted into the damper receiv-
ing groove 25a. The damper 25 is composed of an elastic
material such as rubber and is configured to prevent col-
lision of the booster piston 22 with the partition wall 26.
The booster piston 22 is connected to a piston attachment
portion 18b located in the midsection of the piston rod 18
and is displaceable in the axial direction integrally with
the piston rod 18.

[0023] Therod cover48isattached to an end-side part
of the booster cylinder chamber 16a. The rod cover 48
has a disk shape and includes an annular packing re-
ceiving groove 48d formed in an outer circumferential
part thereof. A circular ring-shaped packing 48c is mount-
ed into the packing receiving groove 48d. The packing
48c airtightly seals the packing receiving groove 48d.
[0024] The rod cover 48 has an insertion hole 48a in
the vicinity of the radial center. The insertion hole 48a
extends in the axial direction, and the piston rod 18 pass-
es therethrough. A rod packing 48b is disposed in the
insertion hole 48a to prevent leakage of air along the
piston rod 18. An annular damper receiving groove 47a
is formed in the head-side end face of the rod cover 48,
and a damper 47 is mounted into the damper receiving
groove 47a. The damper 47 is composed of an elastic
member having a circular ring shape. The damper 47
protrudes toward the interior of the booster cylinder
chamber 16a to prevent collision of the rod cover 48 with
the booster piston 22.

[0025] A retaining clip 49 is attached to an end-side
part of the rod cover 48 to secure the rod cover 48. The
retaining clip 49 is a plate member engaged into an en-
gaging groove 49a formed in the end-side body portion
16 along the inner circumferential surface of the end-side
body portion 16. The retaining clip 49 is an annular plate
member having a gap at a circumferential position. The
retaining clip is engaged into the engaging groove 49a
by the elastic restoring force and is in contact with the
end-side end face of the rod cover 48, thereby preventing
the rod cover 48 from coming off.

[0026] The end-side port 30 is formed in the end-side
body portion 16 adjacent to the end-side end. The end-
side port 30 penetrates through the end-side body portion
16 from the outer circumference to the booster cylinder
chamber 16a and communicates with the fourth pressure
chamber 44 at an end-side end part of the booster cyl-
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inder chamber 16a.

[0027] Theauxiliary path 76is aflow path formedinside
the end-side body portion 16 and extends in the axial
direction. A first end of the auxiliary path 76 communi-
cates with the end-side port 30, and a second end thereof
communicates with an adjustment port 32 (described be-
low) in the partition wall 26.

[0028] A third check valve 56 is disposed at a position
on the auxiliary path 76. The third check valve 56 includes
a hollow portion 56a having a larger diameter than the
auxiliary path 76 and a valve element 56b inserted into
the hollow portion 56a. The valve element 56b is a cup-
shaped member having a cylindrical shape with a bottom,
and the bottom 56¢ is disposed downstream in an airflow
thatis to be blocked. The bottom 56¢ of the valve element
56b includes an annular protrusion 56d which is brought
into contact with an end face of the hollow portion 56a to
thereby block the auxiliary path 76 communicating with
the hollow portion 56a.

[0029] A cutout portion 56¢e is formed in a side part of
the valve element 56b to allow air to pass. When air flows
from the bottom 56c¢ side into the hollow portion, the an-
nular protrusion 56d of the valve element 56b is config-
ured to be separated from the end face of the hollow
portion 56a to thereby pass the air via the cutout portion
56e. When air flows in the opposite direction, the bottom
56¢ of the valve element 56b is configured to receive the
pressure of the air to thereby bring the annular protrusion
56d into contact with the end face of the hollow portion
56a and block the auxiliary path 76, so that the airflow is
stopped.

[0030] To cause the third check valve 56 to operate
smoothly, a biasing member 56f such as a spring may
be disposed inside the hollow portion 56a to bias the
annular protrusion 56d of the valve element 56b toward
the end face of the hollow portion 56a. Note that a first
check valve 52 and a second check valve 54 described
below have structures similar to that of the third check
valve 56.

[0031] As illustrated in FIG. 3A, the partition wall 26
includes a plate-shaped body 60. The body 60 includes
afirst connection part 63 protruding toward the head side
so as to be inserted into the working cylinder chamber
14a and a second connection part 64 protruding toward
the end side so as to be inserted into the booster cylinder
chamber 16a. The first connection part 63 has a circular
cylindrical shape having an outer diameter substantially
equal to the inner diameter of the working cylinder cham-
ber 14a. A packing 63a is attached to an outer circum-
ferential part of the first connection part 63. The second
connection part 64 has a circular cylindrical shape having
an outer diameter substantially equal to the inner diam-
eter of the booster cylinder chamber 16a. A packing 64a
is attached to an outer circumferential part of the second
connection part 64. The packing 63a seals the gap be-
tween the working cylinder chamber 14a and the first
connection part 63. The packing 64a seals the gap be-
tween the booster cylinder chamber 16a and the second
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connection part 64.

[0032] The partition wall 26 includes a through-hole
part 61 in the vicinity of the radial center. The through-
hole part 61 extends in the axial direction, and the piston
rod 18 passes therethrough. A packing 62 is disposed in
the through-hole part 61 to prevent leakage of air along
the piston rod 18.

[0033] The partition wall 26 further includes a commu-
nication path 34, a communication switching valve 35
disposed in the communication path 34, an exhaust path
36, and an exhaust switching valve 37 disposed in the
exhaust path 36, which form a boost switching mecha-
nism 33.

[0034] The communication path 34 is a flow path that
allows air to flow between the second pressure chamber
40 and the third pressure chamber 42. The communica-
tion path 34 includes a through-hole 65 penetrating
through the partition wall 26 in the axial direction, aninner
channel 35e of a communication switching pin 35a in-
serted into the through-hole 65, and a hole 66b of a stop-
per 66.

[0035] The through-hole 65 penetrates through the
partition wall 26 in the axial direction and includes a large-
diameter part 65a disposed on the head side, a small-
diameter part 65b disposed in the middle in the axial di-
rection, and a stopper insertion hole 65c disposed on the
end side. The large-diameter part 65a and the stopper
insertion hole 65¢ have larger inner diameters than the
small-diameter part 65b. The communication switching
pin 35a is disposed inside the large-diameter part 65a
and the small-diameter part 65b. The stopper 66 is in-
serted into the stopper insertion hole 65c. The stopper
66 is connected to an end-side part of the communication
switching pin 35a of the communication switching valve
35 and is displaced integrally with the communication
switching pin 35a. Movement of the communication
switching pin 35a toward the head side is restricted when
the stopper 66 stops inside the stopper insertion hole 65c¢.
[0036] Thecommunication switching valve 35 includes
the communication switching pin 35a. The communica-
tion switching pin 35a includes a closing part 35c dis-
posed on the head side and a rod part 35d extending in
the axial direction toward the end side. The rod part 35d
has a diameter substantially equal to the inner diameter
of the small-diameter part 65b of the through-hole 65,
and the rod part is inserted into the small-diameter part
65b so as to be slidable in the axial direction. The closing
part 35c has a diameter substantially equal to the inner
diameter of the large-diameter part 65a of the through-
hole 65 so as to be insertable into the large-diameter part
65a. A ring-shaped packing 35b is attached to an outer
circumferential part of the closing part 35c. When the
closing part 35c is pushed into the large-diameter part
65a, the packing 35b comes into close contact with the
large-diameter part 65a and thereby seals the commu-
nication path 34.

[0037] A biasing member 35f is attached to the end
side of the closing part 35c of the communication switch-

10

15

20

25

30

35

40

45

50

55

ing pin 35a. The biasing member 35f is formed by, for
example, a spring, and disposed in the gap between the
large-diameter part 65a and the communication switch-
ing pin 35a. The biasing member 35f biases the commu-
nication switching pin 35a toward the head side such that
the closing part 35c¢ is separated from the through-hole
65 and protrudes into the second pressure chamber 40.
That is, the communication switching valve 35 does not
block the communication path 34 in a state that the com-
munication switching pin 35a is not pushed, by the work-
ing piston 20, toward the head side.

[0038] The exhaust path 36 has an opening on an end
face of the partition wall 26 on the first connection part
63 side. The exhaust path 36 includes a detection-pin
accommodating hole 67 extending in the axial direction
and a connecting channel 71 communicating with both
the detection-pin accommodating hole 67 and the adjust-
ment port 32. The detection-pin accommodating hole 67
includes a large-diameter part 67a disposed on the head
side, a small-diameter part 67b disposed on the end side
of the large-diameter part 67a, and a stopper insertion
hole 67c. A stopper 68 is inserted into the stopper inser-
tion hole 67c. The stopper 68 is connected to a detection
pin 37a and is displaced integrally with the detection pin
37a. The moving range of the detection pin 37a toward
the head side is limited when the stopper 68 stops at the
end-side end of the small-diameter part 67b.

[0039] The connecting channel 71 communicates with
the detection-pin accommodating hole 67 at an opening
part 71a formed in a side part of the small-diameter part
67b. The diameter of the small-diameter part 67b is in-
creased in a predetermined region around the opening
part 71a, so that a gap is left between the small-diameter
part 67b and the exhaust switching valve 37.

[0040] The first check valve 52, which allows air to flow
only in a direction from the opening part 71a toward the
adjustment port 32, is disposed in the connecting channel
71. The first check valve 52 is disposed in a direction so
as to allow air from the second pressure chamber 40 to
be discharged.

[0041] The exhaustswitching valve 37 includes the de-
tection pin 37a. The detection pin 37aincludes a pin body
part 37b having a circular cylindrical shape extending in
the axial direction and a flange part 37c extending radially
outward from the head-side end of the pin body part 37b.
The flange part 37c has a diameter slightly smaller than
the inner diameter of the large-diameter part 67a and is
formed so as to be insertable into the large-diameter part
67a. A biasing member 37f formed by, for example, a
spring is disposed in the large-diameter part 67a. The
biasing member 37fis in contact with the flange part 37c
and biases the detection pin 37a toward the head side,
so thatthe flange part 37¢ protrudes into the second pres-
sure chamber 40.

[0042] The pin body part 37b has a diameter slightly
smallerthan the inner diameter of the small-diameter part
67b and is configured to be slidable in the axial direction
along the small-diameter part 67b. A packing 37d and a
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packing 37e are disposed on an outer circumferential
part of the pin body part 37b at a distance from each
other in the axial direction. In a state that the detection
pin 37a is not pushed by the working piston 20, the pack-
ing 37d and the packing 37e are placed at positions
where the packings are in close contact with the small-
diameter part 67b to thereby block the communication
between the detection-pin accommodating hole 67 and
the connecting channel 71. Thatis, the exhaust switching
valve 37 blocks the exhaust path 36 in the state that the
exhaust switching valve 37 is not pushed by the working
piston 20.

[0043] A supplementary channel 78 and the second
checkvalve 54 are provided in the head-side body portion
14 adjacent to the adjustment port 32. The supplemen-
tary channel 78 communicates with the adjustment port
32 and the second pressure chamber 40. The second
check valve 54 is disposed in the supplementary channel
78. A first end of the second check valve 54 communi-
cates with the adjustment port 32 via the supplementary
channel 78. A second end of the second check valve 54
communicates with the second pressure chamber 40 via
the supplementary channel 78. The second check valve
54 allows air to flow only in a direction from the adjustment
port 32 toward the second pressure chamber 40 and
blocks flow of air in the opposite direction. That is, the
second check valve 54 allows air for supplement to the
second pressure chamber 40 to flow and blocks air flow-
ing in the opposite direction.

[0044] The fluid pressure cylinder 10 of this embodi-
ment is configured as above and operated by the drive
device 120 as illustrated in FIG. 4A.

[0045] The drive device 120 includes a fourth check
valve 86, a throttle valve 88, a switching valve 102, a
high-pressure-air supply source (high-pressure-fluid
supply source) 104, and an exhaust port 106. The drive
device 120 is configured to supply high-pressure air to
the first pressure chamber 38 in the working cylinder
chamber 14a during the working process. Moreover, as
illustrated in FIG. 4B, the drive device 120 is configured
to supply high-pressure air to the second pressure cham-
ber 40 while supplying part of air accumulated in the first
pressure chamber 38 to the fourth pressure chamber 44
during the return process.

[0046] The switching valve 102 is, for example, a 5-
port, 2-position valve including a first port 102a to a fifth
port 102e and is switchable between a first position (see
FIG. 4A) and a second position (see FIG. 4B). As illus-
trated in FIGS. 4A and 4B, the first port 102a is connected
to the head-side port 28 by pipes. The second port 102b
is connected to the adjustment port 32 by pipes. The third
port 102c¢ is connected to the exhaust port 106 by pipes.
The fourth port 102d is connected to the high-pressure-
air supply source 104 by pipes. The fifth port 102e is
connected to the exhaust port 106 via the throttle valve
88 and to the end-side port 30 via the fourth check valve
86 by pipes.

[0047] As illustrated in FIG. 4A, when the switching
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valve 102 is in the first position, the first port 102a is
connected to the fourth port 102d, and the second port
102b is connected to the third port 102c.

[0048] Moreover, as illustrated in FIG. 4B, when the
switching valve 102 is in the second position, the first
port 102a is connected to the fifth port 102e, and the
second port 102b is connected to the fourth port 102d.
The switching valve 102 is switched between the first
position and the second position by pilot pressure from
the high-pressure-air supply source 104 or by a solenoid
valve.

[0049] When the switching valve 102 is in the second
position, the fourth check valve 86 allows air to flow from
the head-side port 28 to the end-side port 30 and blocks
air flowing from the end-side port 30 toward the head-
side port 28.

[0050] The throttle valve 88, which is an adjustable
throttle valve of which path area can be changed to adjust
the exhaust flow rate, limits the amount of air discharged
from the first pressure chamber 38 through the exhaust
port 106.

[0051] An air tank may be disposed at a position along
apipe connecting the fourth check valve 86 and the fourth
pressure chamber 44 to thereby accumulate air supplied
from the head-side port 28 to the end-side port 30 during
the return process. The air tank can accumulate air suf-
ficient to fill the fourth pressure chamber 44 during the
return operation, resulting in a stable return operation. In
this case, the volume of the air tank may be set to, for
example, about half the maximum volume of the first
pressure chamber 38. The air tank is unnecessary in a
case where the pipes have sufficient volume.

[0052] The fluid pressure cylinder 10 and the drive de-
vice 120 are configured as above. Next, the effects and
operations thereof will be described.

(Startup Process)

[0053] Before the fluid pressure cylinder 10 starts to
be used, during a startup process, the second pressure
chamber 40 and the third pressure chamber 42 are filled
with high-pressure air. The high-pressure air refers to air
at a pressure higher than atmospheric pressure. Here,
the fluid pressure cylinder 10 is set in the start-of-stroke
position as illustrated in FIG. 1. Moreover, the switching
valve 102 of the drive device 120 is in the second position
(see FIG. 4B). The high-pressure-air supply source 104
is thus connected to the adjustment port 32. As illustrated
in FIG. 4B, high-pressure air is introduced from the high-
pressure-air supply source 104 into the second pressure
chamber 40 via the second check valve 54. Moreover,
the high-pressure airintroduced into the second pressure
chamber 40 is also introduced into the third pressure
chamber 42 via the communication path 34. In this man-
ner, the second pressure chamber 40 and the third pres-
sure chamber 42 are filled with high-pressure air. The
startup process may be performed only once before the
first stroke of the fluid pressure cylinder 10.
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(Working Process)

[0054] During the working process of the fluid pressure
cylinder 10, the switching valve 102 of the drive device
120 is set in the first position as illustrated in FIG. 4A.
High-pressure air is supplied from the high-pressure-air
supply source 104 to the head-side port 28 via the first
port 102a of the switching valve 102. High-pressure air
does not flow toward the fourth check valve 86 since the
fourth check valve 86 is connected to the fifth port 102e.
The fourth pressure chamber 44 is connected to the ex-
haust port 106 via the third check valve 56, the adjust-
ment port 32, and the second port 102b.

[0055] Asillustratedin FIG. 5, during the working proc-
ess, high-pressure air from the high-pressure-air supply
source 104 flows into the first pressure chamber 38 as
indicated by an arrow B. Force exerted on the working
piston by the high-pressure air in the second pressure
chamber 40 and force exerted on the booster piston 22
by the high-pressure air that fills the third pressure cham-
ber 42 are equal in magnitude and balanced in the op-
posite direction. Thus, the forces do not contribute to
thrust force. As a result, thrust force corresponding to a
difference between the pressure in the first pressure
chamber 38 adjoining the working piston 20 and the pres-
sure in the fourth pressure chamber 44 adjoining the
booster piston 22 acts on the piston rod 18, and the piston
rod 18 moves toward the end side.

[0056] As the working piston 20 moves, high-pressure
air of an amount equal to the volume of the first pressure
chamber 38 is supplied from the high-pressure-air supply
source 104 (see FIG. 4A) to the fluid pressure cylinder
10. As the working piston 20 and the booster piston 22
move, the high-pressure air inside the second pressure
chamber 40 moves to the third pressure chamber 42 via
the communication path 34. During the working process,
the pressure of the high-pressure air stored in the second
pressure chamber 40 and the pressure of the high-pres-
sure air stored in the third pressure chamber 42 are kept
constant. Moreover, air in the fourth pressure chamber
44 is discharged from the fourth pressure chamber 44
as the booster piston 22 moves. In this case, the air in
the fourth pressure chamber 44 passes through the ad-
justment port 32 via the third check valve 56 and the
auxiliary path 76, and is discharged from the exhaust port
106 through the second port 102b of the switching valve
102 as illustrated in FIG. 4A.

(Boosting Process)

[0057] As illustrated in FIG. 6, as the working piston
20 moves, the communication switching pin 35a (see
FIG. 3B) of the communication switching valve 35 is
pushed toward the end side, and the detection pin 37a
(see FIG. 3B) of the exhaust switching valve 37 is also
pushed toward the end side.

[0058] As aresult, as illustrated in FIG. 3B, the closing
part 35¢c of the communication switching pin 35a is in-
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serted into the large-diameter part 65a of the through-
hole 65. The packing 35b on the closing part 35¢ seals
the gap between the large-diameter part 65a and the
closing part 35c, thereby blocking the communication
path 34. That is, the communication switching valve 35
blocks the communication of air between the second
pressure chamber 40 and the third pressure chamber 42
via the communication path 34.

[0059] Moreover, as the detection pin 37a of the ex-
haust switching valve 37 is displaced toward the end side,
the packing 37d that has sealed the gap between the
detection pin 37a and the detection-pin accommodating
hole 67 moves to the recessed opening part 71a. This
movement opens the exhaust path 36, and the adjust-
ment port 32 and the second pressure chamber 40 com-
municate with each other via the exhaust path 36. The
high-pressure air stored in the second pressure chamber
40 is discharged from the exhaust port 106 via the first
check valve 52 and the adjustment port 32. As a result,
the internal pressure in the second pressure chamber 40
drops, and thrust force corresponding to a difference be-
tween the internal pressure in the second pressure cham-
ber 40 and the internal pressure in the first pressure
chamber 38 acts on the working piston 20.

[0060] Moreover, thrust force corresponding to a dif-
ference between the pressure of the high-pressure air
stored in the third pressure chamber 42 and the pressure
in the fourth pressure chamber 44 acts on the booster
piston 22. In this manner, the fluid pressure cylinder 10
can increase the thrust force near the stroke end. In the
fluid pressure cylinder 10, the thrust force is increased
by the discharge of the high-pressure air in the second
pressure chamber 40 while the communication switching
valve 35 and the exhaust switching valve 37 are being
actuated.

(Return Process)

[0061] During the return process of the fluid pressure
cylinder 10, the switching valve 102 of the drive device
120 is set in the second position as illustrated in FIG. 4B.
High-pressure air is supplied from the high-pressure-air
supply source 104 to the adjustment port 32 via the sec-
ond port 102b of the switching valve 102. The first port
102a of the switching valve 102 is connected to the fifth
port102e, and thereby the head-side port 28 is connected
to the end-side port 30 via the fourth check valve 86. The
head-side port 28 is also connected to the exhaust port
106 via the throttle valve 88. As a result, part of the air
stored in the first pressure chamber 38 is supplied to the
fourth pressure chamber 44 via the route with the fourth
check valve 86. The remaining part of the air stored in
the first pressure chamber 38 is discharged from the ex-
haust port 106.

[0062] As illustrated in FIG. 7, during the return proc-
ess, high-pressure air from the high-pressure-air supply
source 104 is supplied to the adjustment port 32 of the
fluid pressure cylinder 10 as indicated by an arrow B.
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The high-pressure air supplied to the adjustment port 32
flows into the second pressure chamber 40 through the
supplementary channel 78 and the second check valve
54. The volume of the high-pressure air supplied to the
second pressure chamber 40 is equal to the volume of
the high-pressure air discharged from the second pres-
sure chamber 40 during the boosting process. That is,
high-pressure air required for the boosting process is
supplemented during the return process. The amount of
high-pressure air supplied at this moment is small com-
pared with the volume of the high-pressure air required
for movement of the working piston 20, and thus only a
small addition of high-pressure air is required.

[0063] During the return process, the internal pressure
in the second pressure chamber 40 and the internal pres-
sure in the third pressure chamber 42 become equal to
each other. Consequently, the force exerted on the work-
ing piston 20 by the second pressure chamber 40 and
the force exerted on the booster piston 22 by the third
pressure chamber 42 are balanced and canceled.
[0064] On the other hand, part of the high-pressure air
discharged from the first pressure chamber 38 flows into
the fourth pressure chamber 44 as indicated by an arrow
A. As the air inside the first pressure chamber 38 contin-
ues to be discharged, the difference between the pres-
sure in the fourth pressure chamber 44 and the pressure
in the first pressure chamber 38 increases, and the work-
ing piston 20, the booster piston 22, and the piston rod
18 start moving toward the head side. Along with this,
the communication switching valve 35 returns to its orig-
inal position, and the second pressure chamber 40 and
the third pressure chamber 42 communicate with each
other through the communication path 34. Moreover, the
exhaust switching valve 37 seals the exhaust path 36
and blocks the communication between the adjustment
port 32 and the second pressure chamber 40.

[0065] Subsequently, as illustrated in FIG. 8, air in the
first pressure chamber 38 continues to be discharged
while air flows into the fourth pressure chamber 44, and
the working piston 20 and the booster piston 22 return
to the start-of-stroke position. The return process is then
completed.

[0066] The fluid pressure cylinder 10 according to this
embodiment produces the following advantageous ef-
fects.

[0067] In the fluid pressure cylinder 10, the fluid pres-
sure cylinder 10 includes, as the boost switching mech-
anism 33, the communication path 34 communicating
with the second pressure chamber 40 and the third pres-
sure chamber 42, the exhaust path 36 communicating
with the second pressure chamber 40, the communica-
tion switching valve 35 configured to open the commu-
nication path 34 when the working piston 20 is located
on the head side of a predetermined position and con-
figured to close the communication path 34 when the
working piston 20 moves to the end side of the predeter-
mined position, and the exhaust switching valve 37 con-
figured to close the exhaust path 36 when the working
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piston 20is located onthe head side of the predetermined
position and configured to open the exhaust path 36 to
discharge high-pressure fluid in the second pressure
chamber 40 when the working piston 20 moves to the
end side of the predetermined position. This causes the
second pressure chamber 40 and the third pressure
chamber 42 to be separated near the stroke end and
enables the high-pressure air in the second pressure
chamber 40 to be discharged while the high-pressure air
in the third pressure chamber 42 is maintained. As a re-
sult, thrust force of the booster piston 22 is added to the
thrustforce ofthe working piston 20, anditis thus possible
to increase the thrust force in the latter half of the stroke.
[0068] In the fluid pressure cylinder 10, the partition
wall 26 may include the adjustment port 32, and the ex-
haust path 36 may be configured to discharge the high-
pressure fluid in the second pressure chamber 40 via the
adjustment port 32.

[0069] In the fluid pressure cylinder 10, the boost
switching mechanism 33 may be configured such that
the exhaust switching valve 37 opens the exhaust path
36 after the communication switching valve 35 closes the
communication path 34. This prevents the outflow of
high-pressure air from the third pressure chamber 42 via
the second pressure chamber 40, thereby reducing the
consumption of high-pressure air.

[0070] In the fluid pressure cylinder 10, the communi-
cation switching valve 35 may include the communication
switching pin 35a including the first end that protrudes
into the second pressure chamber 40 and the second
end that is inserted into the communication path 34, and
may be configured to block the communication path 34
when the communication switching pin 35a is pushed by
the working piston 20 and displaced toward the end side.
This enables the communication switching valve 35 to
operate using the stroke movement of the working piston
20, thereby simplifying the device structure.

[0071] In the fluid pressure cylinder 10, the exhaust
switching valve 37 may include the detection pin 37a in-
cluding the first end that protrudes into the second pres-
sure chamber 40 and sealing the exhaust path 36, and
may be configured to unseal or open the exhaust path
36 when the detection pin 37a is pushed by the working
piston 20 and displaced toward the end side. This ena-
bles the air in the second pressure chamber 40 to be
discharged via the exhaust path 36 using the stroke
movement of the working piston 20, thereby simplifying
the device structure.

[0072] In the fluid pressure cylinder 10, the exhaust
path 36 may be provided with the first check valve 52
allowing air to flow only in a direction from the second
pressure chamber 40 toward the adjustment port 32 and
blocking air flowing in the opposite direction. This pre-
vents malfunctions of the exhaust switching valve 37 dur-
ing the return process.

[0073] The fluid pressure cylinder 10 may further in-
cludes the supplementary channel 78 communicating
with the adjustment port 32 and the second pressure
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chamber 40. The supplementary channel 78 may be pro-
vided with the second check valve 54 allowing air to flow
only in a direction from the adjustment port 32 toward the
second pressure chamber 40 and blocking air flowing in
the opposite direction. Provision of the second check
valve 54 prevents excessive inflow of high-pressure air
into the second pressure chamber 40 during the return
process.

[0074] The fluid pressure cylinder 10 may further in-
clude the auxiliary path 76 communicating with the fourth
pressure chamber 44 and the adjustment port 32. This
enables the air in the fourth pressure chamber 44 to be
discharged through the adjustment port 32 during the
working process and the boosting process.

[0075] In the fluid pressure cylinder 10, the auxiliary
path 76 may be provided with the third check valve 56
allowing air to flow only in a direction from the fourth pres-
sure chamber 44 toward the adjustment port 32 and
blocking air flowing in the opposite direction. This pre-
vents high-pressure air from flowing into the fourth pres-
sure chamber 44 when high-pressure air is supplied to
the adjustment port 32 during the return process, thereby
reducing the consumption of high-pressure air.

[0076] The fluid pressure cylinder 10 may further in-
clude the drive device 120 connected to the first pressure
chamber 38, the second pressure chamber 40, and the
fourth pressure chamber 44 of the fluid pressure cylinder
10. The drive device 120 may include the switching valve
102, the high-pressure-air supply source 104, the ex-
haust port 106, and the fourth check valve 86. When the
switching valve 102 is in the first position, the first pres-
sure chamber 38 may communicate with the high-pres-
sure-air supply source 104, and the fourth pressure
chamber 44 and the adjustment port 32 (boost switching
mechanism 33) may communicate with the exhaust port
106. When the switching valve 102 is in the second po-
sition, the first pressure chamber 38 may communicate
with the fourth pressure chamber 44 via the fourth check
valve 86 and with the exhaust port 106, and the second
pressure chamber 40 may communicate with the high-
pressure-air supply source 104 via the adjustment port
32. This enables the fourth pressure chamber 44 to be
supplied with the air accumulated in the first pressure
chamber 38 during the return process, thereby reducing
the consumption of high-pressure air.

[0077] The fluid pressure cylinder 10 may further in-
clude the throttle valve 88 disposed between the first
pressure chamber 38 and the exhaust port 106. This al-
lows the amount of air supplied to the fourth pressure
chamber 44 to be appropriately adjusted.

(Second Embodiment)

[0078] As illustrated in FIG. 9A, a fluid pressure cylin-
der 10A according to this embodiment includes a head-
side body portion 14A and an end-side body portion 16A.
In this embodiment, high-pressure fluid is enclosed in the
end-side body portion 16A. To further increase the thrust
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force at the stroke end, the size (width and height) of the
end-side body portion 16A is made larger than the size
of the head-side body portion 14A.

[0079] As illustrated in FIG. 9B, the head-side body
portion 14A and the end-side body portion 16A have rec-
tangular cross-sections. The head-side body portion 14A
and the end-side body portion 16A are fastened together
in the axial direction by connecting rods or bolts.

[0080] As illustrated in FIG. 10, a cylinder body 12A of
the fluid pressure cylinder 10A includes the head-side
body portion 14A and the end-side body portion 16A con-
nected to each other in the axial direction via a partition
wall 126. The head-side body portion 14A includes a
head-side port 28A and an end-side port 30A. The end-
side body portion 16A includes an adjustment port 32A
adjacent to the end-side end.

[0081] A stored-air exhaustport 162 is formed in a por-
tion of the partition wall 126 adjacent to the outer circum-
ference in order to discharge high-pressure air enclosed
in a booster cylinder chamber 116a. The stored-air ex-
haust port 162 communicates with a third pressure cham-
ber 42 via a regulating valve 160. The stored-air exhaust
port 162 is used to discharge high-pressure air stored
inside the booster cylinder chamber 116a during, for ex-
ample, the maintenance of the fluid pressure cylinder 10A
and to introduce high-pressure air into the booster cylin-
der chamber 116a at startup.

[0082] An insertion hole 126¢ into which a piston rod
18A is slidably inserted is formed in a central part of the
partition wall 126. A packing 118 is disposed in the in-
sertion hole 126¢ to prevent leakage of fluid in the axial
direction. The partition wall 126 includes a head-side con-
nection part 126a protruding toward the head side and
inserted into a working cylinder chamber 14a. The parti-
tion wall 126 further includes an end-side connection part
126b protruding toward the end side and inserted into
the booster cylinder chamber 116a. An annular cushion
member 124 is attached to the end-side connection part
126b to prevent the end-side connection part 126b from
colliding with a booster piston 22A.

[0083] The end-side body portion 16A includes a body
part 116. The booster cylinder chamber 116a, which is
a circular cavity, is formed inside the body part 116. The
booster cylinder chamber 116a extends in the axial di-
rection. The booster piston 22A is disposed inside the
booster cylinder chamber 116a so as to be slidable in
the axial direction. The booster piston 22A is connected
to the piston rod 18A. A magnet 24 and a packing 23 are
attached to an outer circumferential part of the booster
piston 22A. The booster piston 22A divides the booster
cylinder chamber 116a into the third pressure chamber
42 on the head side and a fourth pressure chamber 44
on the end side.

[0084] The booster piston 22A is provided with a com-
munication switching valve 35A switching between com-
munication and non-communication of high-pressure flu-
id between the third pressure chamber 42 and the fourth
pressure chamber 44, which are adjacent to each other
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in the axial direction. The communication switching valve
35A includes a through-hole 122 penetrating through the
booster piston 22A in the axial direction and a commu-
nication switching pin 35a inserted into the through-hole
122.

[0085] The through-hole 122 includes an end-side
large-diameter part 122a, a small-diameter part 122b,
and a head-side large-diameter part 122c. The commu-
nication switching pin 35a of the communication switch-
ing valve 35A is similar to the communication switching
pin 35a, which has been described with reference to FIG.
3A. A rod part 35d of the communication switching pin
35a s inserted into the small-diameter part 122b. A clos-
ing part 35c of the communication switching pin 35a is
disposed on the end-side large-diameter part 122a side.
The communication switching pin 35a protrudes toward
the end side by biasing force of a biasing member 35f.
[0086] High-pressure air can flow between the third
pressure chamber 42 and the fourth pressure chamber
44 via the through-hole 122 and an inner channel 35e in
the communication switching pin 35a. That is, in this em-
bodiment, the through-hole 122 and the inner channel
35e constitute a communication path. When the booster
piston 22A moves toward the end side, the communica-
tion switching pin 35a is pushed against a rod cover 48A.
This causes the closing part 35c and a packing 35b on
an outer circumferential part of the closing part 35¢ to be
inserted into the through-hole 122 to thereby close the
through-hole 122. As a result, the communication be-
tween the third pressure chamber 42 and the fourth pres-
sure chamber 44 is blocked.

[0087] The rod cover 48A is disposed adjacent to the
end-side end of the end-side body portion 16A and seals
the end-side end of the booster cylinder chamber 116a.
The rod cover 48A is provided with an exhaust switching
valve 37A switching the discharge state of high-pressure
air in the fourth pressure chamber 44. The exhaust
switching valve 37A includes a through-hole 139 pene-
trating through the rod cover 48A in the axial direction
and a detection pin 137 inserted into the through-hole
139.

[0088] The end-side end of the through-hole 139 is
sealed with a cover member 150, and the detection pin
137 is disposed on the head side of the cover member
150. The detection pin 137 is biased toward the head
side by a biasing member 140 such as a spring disposed
between the cover member 150 and the detection pin
137. This causes the distal end part of the detection pin
137 on the head side to protrude inside the fourth pres-
sure chamber 44.

[0089] Annular packings 141 and 142 are attached to
an outer circumferential part of a basal end part 138 of
the detection pin 137 at a distance from each other in the
axial direction. The packings 141 and 142 seal the gap
between the through-hole 139 and the detection pin 137.
A channel 143 is disposed between the packings 141
and 142. The inner end of the channel 143 communicates
with the through-hole 139, and the outer end thereof com-
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municates with an air channel 144. The air channel 144
is an annular groove formed in an outer circumferential
partof the rod cover 48A around the entire circumference
and communicates with the adjustment port 32A. A pack-
ing 146 is disposed on the head side of the air channel
144, and a packing 148 is disposed on the end side there-
of. The packings 146 and 148 keep the air channel 144
airtight. The adjustment port 32A can communicate with
the fourth pressure chamber 44 via the air channel 144,
the channel 143, and the through-hole 139. That is, in
this embodiment, the through-hole 139, the channel 143,
and the air channel 144 constitute an exhaust path.
[0090] In a state where the detection pin 137 is in a
head-side position, the through-hole 139 is closed by the
packings 141 and 142, and high-pressure fluid in the
fourth pressure chamber 44 is not discharged. When the
booster piston 22A moves to an end-side position, the
detection pin 137 is pushed toward the end side, so that
the packings 141 and 142 are disposed on the end side
of the channel 143. When the packings 141 and 142 are
disposed on the end side of the channel 143, the adjust-
ment port 32A communicates with the fourth pressure
chamber 44.

[0091] The fluid pressure cylinder 10A of this embod-
iment configured as above is operated by a drive device
120A illustrated in FIGS. 11A and 11B.

[0092] Asillustratedin FIG. 11A, the drive device 120A
includes a fourth check valve 86, a throttle valve 88, a
switching valve 102, a high-pressure-air supply source
104, an exhaust port 106, and a fifth check valve 108.
The drive device 120A is configured to supply high-pres-
sure air to the first pressure chamber 38 in the working
cylinder chamber 14a during the working process. More-
over, as illustrated in FIG. 11B, the drive device 120A is
configured to supply high-pressure air to the fourth pres-
sure chamber 44 while supplying part of air accumulated
in the first pressure chamber 38 to the second pressure
chamber 40 during the return process.

[0093] The switching valve 102 is, for example, a 5-
port, 2-position valve including a first port 102a to a fifth
port 102e and is switchable between a first position (see
FIG. 11A) and a second position (see FIG. 11B). As il-
lustrated in FIGS. 11A and 11B, the first port 102a is
connected to the head-side port 28A by pipes. The sec-
ond port 102b is connected to the adjustment port 32A
and the downstream side of the fifth check valve 108 by
pipes. The third port 102c is connected to the exhaust
port 106 by pipes. The fourth port 102d is connected to
the high-pressure-air supply source 104 by pipes. The
fifth port 102e is connected to the exhaust port 106 via
the throttle valve 88 and to the end-side port 30A and the
upstream side of the fifth check valve 108 via the fourth
check valve 86 by pipes.

[0094] As illustrated in FIG. 11A, when the switching
valve 102 is in the first position, the first port 102a is
connected to the fourth port 102d, and the second port
102b is connected to the third port 102c.

[0095] Moreover, as illustrated in FIG. 11B, when the
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switching valve 102 is in the second position, the first
port 102a is connected to the fifth port 102e, and the
second port 102b is connected to the fourth port 102d.
The switching valve 102 is switched between the first
position and the second position by pilot pressure from
the high-pressure-air supply source 104 or by a solenoid
valve.

[0096] When the switching valve 102 is in the second
position, the fourth check valve 86 allows air to flow from
the head-side port 28A toward the end-side port 30A and
blocks air flowing from the end-side port 30A toward the
head-side port 28A. Moreover, when the switching valve
102 is in the second position, the fifth check valve 108
blocks high-pressure air flowing from the second port
102b toward the end-side port 30A.

[0097] Thefluid pressure cylinder 10A according to this
embodiment and the drive device 120A are configured
as above. Next, the effects and operations thereof will
be described.

(Working Process)

[0098] During the working process of the fluid pressure
cylinder 10A, the switching valve 102 of the drive device
120A is set in the first position as illustrated in FIG. 11A.
High-pressure air is supplied from the high-pressure-air
supply source 104 to the head-side port 28 via the first
port 102a of the switching valve 102. High-pressure air
does not flow toward the fourth check valve 86 since the
fourth check valve 86 is connected to the fifth port 102e.
The second pressure chamber 40 is connected to the
exhaust port 106 via the end-side port 30A and the fifth
check valve 108. The adjustment port 32A is also con-
nected to the exhaust port 106.

[0099] As illustrated in FIG. 10, during the working
process, high-pressure air from the high-pressure-air
supply source 104 flows into the first pressure chamber
38 through the head-side port 28A. This produces thrust
force toward the end side on a working piston 20. As a
result, the piston rod 18A moves toward the end side.
Note that no thrust force acts on the booster piston 22A
since the high-pressure air enclosed in the third pressure
chamber 42 and the fourth pressure chamber 44 flows
therebetween through the communication switching
valve 35A.

[0100] As the working piston 20 moves, high-pressure
air of an amount equal to the volume of the first pressure
chamber 38 is supplied from the high-pressure-air supply
source 104 (see FIG. 11A) to the fluid pressure cylinder
10A. During the working process, the pressure of the
high-pressure air stored in the second pressure chamber
40 and the pressure in the third pressure chamber 42 are
kept constant. Moreover, air in the second pressure
chamber 40 is discharged from the second pressure
chamber 40 as the working piston 20 moves. In this case,
the air in the second pressure chamber 40 is discharged
from the exhaust port 106 through the end-side port 30A
and the fifth check valve 108 as illustrated in FIG. 11A.

10

15

20

25

30

35

40

45

50

55

1"

(Boosting Process)

[0101] As illustrated in FIG. 12, as the booster piston
22A moves, the communication switching pin 35a of the
communication switching valve 35A is pushed toward
the head side, while the detection pin 37a of the exhaust
switching valve 37A is pushed toward the end side.
[0102] As aresult, the closing part 35c of the commu-
nication switching pin 35a is inserted into the through-
hole 122 and closes the through-hole 122. This blocks
the communication of high-pressure air between the third
pressure chamber 42 and the fourth pressure chamber
44,

[0103] Moreover, as the detection pin 37a of the ex-
haust switching valve 37A is displaced toward the end
side, the packings 141 and 142 that have sealed the gap
between the detection pin 37a and the through-hole 139
are separated from the channel 143, whereby the adjust-
ment port 32A communicates with the fourth pressure
chamber 44. As a result, the high-pressure air stored in
the fourth pressure chamber 44 is discharged from the
exhaust port 106. That is, the internal pressure in the
fourth pressure chamber 44 drops while the high-pres-
sure air is kept in the third pressure chamber 42. As a
result, thrust force corresponding to a difference between
the internal pressure in the fourth pressure chamber 44
and the internal pressure in the third pressure chamber
42 acts on the booster piston 22A. Since this thrust force
is added to the thrust force acting on the working piston
20, the thrust force in the fluid pressure cylinder 10A in-
creases near the stroke end. In this manner, in the fluid
pressure cylinder 10A, the thrust force is increased by
the discharge of the high-pressure air in the fourth pres-
sure chamber 44 while the communication switching
valve 35A and the exhaust switching valve 37A are being
actuated.

(Return Process)

[0104] During the return process of the fluid pressure
cylinder 10A, the switching valve 102 of the drive device
120A is set in the second position as illustrated in FIG.
11B. High-pressure air is supplied from the high-pres-
sure-air supply source 104 to the adjustment port 32A
via the second port 102b of the switching valve 102. The
first port 102a of the switching valve 102 is connected to
the fifth port 102e, and thereby the head-side port 28A
is connected to the end-side port 30A via the fourth check
valve 86. The head-side port 28A is also connected to
the exhaust port 106 via the throttle valve 88. As a resullt,
part of the air stored in the first pressure chamber 38 is
supplied to the fourth pressure chamber 44 via the route
with the fourth check valve 86. The remaining part of the
air stored in the first pressure chamber 38 is discharged
from the exhaust port 106.

[0105] During the return process, high-pressure air is
supplied from the high-pressure-air supply source 104
to the adjustment port 32A of the fluid pressure cylinder
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10A. The high-pressure air supplied to the adjustment
port 32A flows into the fourth pressure chamber 44. As
aresult, high-pressure air discharged during the boosting
process is supplemented. As the amount of high-pres-
sure air supplemented at this moment is small compared
with the volume of the high-pressure air required for the
stroke movement of the working piston, only a small ad-
dition of high-pressure air is required.

[0106] On the other hand, part of the high-pressure air
discharged from the first pressure chamber 38 flows into
the second pressure chamber 40. As the air inside the
first pressure chamber 38 continues to be discharged, a
difference between the pressure in the fourth pressure
chamber 44 and the pressure in the first pressure cham-
ber 38 increases, and the working piston 20 starts moving
toward the head side. Subsequently, the working piston
20 and the booster piston 22A return to the start-of-stroke
position, and the return processis completed. In this man-
ner, the second pressure chamber 40 does not need to
be supplied with high-pressure air since air required for
the working piston 20 to return to the start-of-stroke po-
sition is supplied from the first pressure chamber 38.
[0107] Thefluid pressure cylinder 10A according to this
embodiment produces the following advantageous ef-
fects.

[0108] In the fluid pressure cylinder 10A of this embod-
iment, high-pressure fluid is enclosed in the third pres-
sure chamber 42 and the fourth pressure chamber 44,
and a boost switching mechanism 33A includes the com-
munication switching valve 35A provided in the booster
piston 22A and the exhaust switching valve 37A provided
in the rod cover 48A. The fluid pressure cylinder 10A can
increase the thrust force at the stroke end without any
complicated locking mechanisms. Moreover, since a me-
chanical locking mechanism for connecting the piston
and the piston rod is not required, nonconformity is less
likely to occur due to an axial impact, resulting in excellent
reliability.

[0109] Moreover, in the fluid pressure cylinder 10A of
this embodiment, the diameter of the booster piston 22A
can be made larger than the diameter of the working pis-
ton 20. Due to the booster piston 22A with an increased
diameter, itis possible to reduce the diameter of the work-
ing piston 20 while maintaining the thrust force at the
stroke end, and thus it is possible to further reduce the
consumption of high-pressure air.

[0110] The present invention has been described by
taking preferred embodiments as examples. However,
the present invention is not limited in particular to the
above-described embodiments, and various modifica-
tions can be made thereto without departing from the
scope of the present invention as a matter of course.
[0111] That s, in the above-described embodiments,
the drive devices 120 and 120A of the fluid pressure cyl-
inders 10 and 10A, respectively, are disposed outside
the fluid pressure cylinders 10 and 10A. However, the
present invention is not limited in particular to this. Part
or all of the members constituting the drive devices 120
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and 120A may be included inside the cylinder body 12.
[0112] Moreover, high-pressure fluid may be enclosed
in the first pressure chamber 38 and the second pressure
chamber 40 of the fluid pressure cylinder 10, the booster
piston 22 may perform the working stroke, and an addi-
tional thrust force may be produced from the working
piston 20 during the boosting process.

Claims
1. A fluid pressure cylinder comprising:

a cylinder body (12) including a slide hole (12a)
extending in an axial direction;

a partition wall (26) separating the slide hole into
aworking cylinder chamber (14a) ona head side
and a booster cylinder chamber (16a) on an end
side;

a working piston (20) disposed in the working
cylinder chamber and partitioning the working
cylinder chamber into a first pressure chamber
(38) on the head side and a second pressure
chamber (40) on the end side;

a booster piston (22) disposed in the booster
cylinder chamber and partitioning the booster
cylinder chamber into a third pressure chamber
(42) on the head side and a fourth pressure
chamber (44) on the end side; and

apistonrod (18) connected to the working piston
and the booster piston, the piston rod penetrat-
ing through the partition wall and protruding out
toward the end side;

wherein high-pressure fluid is enclosed in two adja-
cent pressure chambers among the first pressure
chamber, the second pressure chamber, the third
pressure chamber, and the fourth pressure cham-
ber; and

wherein the fluid pressure cylinder further compris-
es:

a boost switching mechanism (33) configured to al-
low communication of the high-pressure fluid be-
tween the two pressure chambers while the working
pistonis located on the head side of a predetermined
position, and configured to, when the working piston
moves to the end side of the predetermined position,
block the communication of the high-pressure fluid
between the two pressure chambers and discharge
the high-pressure fluid in one of the two pressure
chambers.

2. The fluid pressure cylinder according to claim 1;
wherein the high-pressure fluid is enclosed in the
second pressure chamber and the third pressure
chamber; and
wherein the boost switching mechanism includes:
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a communication path (34) communicating with
the second pressure chamber and the third pres-
sure chamber;

an exhaust path (36) communicating with the
second pressure chamber;

a communication switching valve (35) config-
ured to open the communication path while the
working piston is located on the head side of the
predetermined position, and configured to close
the communication path when the working pis-
ton moves to the end side of the predetermined
position; and

an exhaust switching valve (37) configured to
close the exhaust path while the working piston
is located on the head side of the predetermined
position, and configured to open the exhaust
path to thereby discharge the high-pressure fluid
in the second pressure chamber when the work-
ing piston moves to the end side of the prede-
termined position.

The fluid pressure cylinder according to claim 2,
wherein the communication path, the exhaust path,
the communication switching valve, and the exhaust
switching valve are provided in the partition wall.

The fluid pressure cylinder according to claim 1;
wherein the high-pressure fluid is enclosed in the
third pressure chamber and the fourth pressure
chamber; and

wherein the boost switching mechanism includes:

a communication path (35e) communicating
with the third pressure chamber and the fourth
pressure chamber;

an exhaust path communicating with the fourth
pressure chamber;

a communication switching valve configured to
open the communication path while the working
piston is located on the head side of the prede-
termined position, and configured to close the
communication path when the working piston
moves to the end side of the predetermined po-
sition; and

an exhaust switching valve configured to close
the exhaust path while the working piston is lo-
cated on the head side of the predetermined po-
sition, and configured to open the exhaust path
to thereby discharge the high-pressure fluid in
the fourth pressure chamber when the working
piston moves to the end side of the predeter-
mined position.

The fluid pressure cylinder according to claim 4,
wherein the booster piston is provided with the com-
munication path and the communication switching
valve.
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10.

1.
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The fluid pressure cylinder according to claim 5, fur-
ther comprising:

arod cover (48) configured to seal an end-side end
of the fourth pressure chamber and provided with
the exhaust path and the exhaust switching valve.

The fluid pressure cylinder according to claim 2 or
4, wherein the cylinder body includes an adjustment
port (32) communicating with the exhaust path, and
the high-pressure fluid is discharged through the ex-
haust path via the adjustment port.

The fluid pressure cylinder according to claim 2 or
4, wherein, in the boost switching mechanism, the
exhaust switching valve opens the exhaust path after
the communication switching valve closes the com-
munication path.

The fluid pressure cylinder according to any one of
claims 2 to 8, wherein the communication switching
valve includes a communication switching pin (35a)
including a first end that protrudes into one of the
two pressure chambers and a second end that is
inserted into the communication path, and the com-
munication switching valve is configured to block the
communication path when the communication
switching pin is pushed in the axial direction as the
working piston is displaced.

The fluid pressure cylinder according to any one of
claims 2 to 8, wherein the exhaust switching valve
includes a detection pin (37a) including a basal end
part that is inserted into the exhaust path to seal the
exhaust path and a distal end part that protrudes
toward the head side, and the exhaust switching
valve is configured to unseal the exhaust path when
the detection pin is pushed by the working piston or
the booster piston and displaced toward the end
side.

The fluid pressure cylinder according to claim 2 or
3, wherein the exhaust path is provided with a first
check valve (52) configured to allow fluid to flow only
in a direction along which the fluid is discharged and
configured to block fluid flowing in an opposite direc-
tion thereof.

. The fluid pressure cylinder according to claim 2 or
3, further comprising:

a supplementary channel (78) communicating
with the second pressure chamber;

wherein the supplementary channel is provided
with a second check valve (54) configured to
allow fluid to flow toward the second pressure
chamber.

. The fluid pressure cylinder according to claim 7, fur-
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ther comprising: 15, wherein a throttle valve (88) is disposed between
the first pressure chamber and the exhaust port.

an auxiliary path (76) communicating with the

fourth pressure chamber and the adjustment

port; 5

wherein the auxiliary path is provided with a third

check valve (56) configured to allow fluid to flow

only in a direction from the fourth pressure

chamber toward the adjustment port and con-

figured to block fluid flowing in an opposite di- 70

rection thereof.

14. The fluid pressure cylinder according to claim 2, fur-
ther comprising:
a drive device (120) connected to the first pressure 15
chamber, the second pressure chamber, and the
fourth pressure chamber, wherein:

the drive device includes a switching valve
(102), ahigh-pressure-fluid supply source (104), 20
an exhaust port (106), and a fourth check valve
(86);

when the switching valve is in a first position,

the first pressure chamber communicates with

the high-pressure-fluid supply source, and the 25
fourth pressure chamber and the boost switch-

ing mechanism communicate with the exhaust
port; and

when the switching valve is in a second position,

the first pressure chamber communicates with 30
the fourth pressure chamber via the fourth check
valve and with the exhaust port, and the second
pressure chamber communicates with the high-
pressure-fluid supply source.

35
15. The fluid pressure cylinder according to claim 4, fur-
ther comprising:
adrive device (120A) connected to the first pressure
chamber, the second pressure chamber, and the
fourth pressure chamber, wherein: 40

the drive device includes a switching valve, a
high-pressure-fluid supply source, an exhaust
port, and a fourth check valve;

when the switching valve is in a first position, 45
the first pressure chamber communicates with

the high-pressure-fluid supply source, and the
fourth pressure chamber and the second pres-
sure chamber communicate with the exhaust
port; and 50
when the switching valve is in a second position,

the first pressure chamber communicates with

the second pressure chamber via the fourth
check valve and with the exhaust port, and the
fourth pressure chamber communicates withthe 55
high-pressure-fluid supply source.

16. The fluid pressure cylinder according to claim 14 or

14
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