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(54) FLUID PRESSURE CIRCUIT AND BLOW MOLDING SYSTEM

(57) A fluid pressure circuit (10A) that constitutes part
of a blow molding system (12A) is equipped with a delay
circuit (120). The delay circuit (120) operates to delay a
start time of a valve-opening operation of a first fluid drive
valve (30a) that opens and closes a supply flow passage

(56), until after a start time of a valve-closing operation
of a second fluid drive valve (30b) that opens and closes
a discharge flow passage (58), when one control signal
from a controller (22) is output with respect to a first so-
lenoid valve (110a) and a second solenoid valve (110b).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a fluid pressure
circuit and a blow molding system equipped with a first
fluid drive valve that opens and closes a supply flow pas-
sage through which a fluid from a fluid supply unit is guid-
ed to a fluid receiving unit that is supplied with the fluid,
and a second fluid drive valve that opens and closes a
discharge flow passage through which a fluid from the
fluid receiving unit is guided to a fluid discharge unit. De-
scription of the Related Art:
[0002] Conventionally, a blow molding system for
molding a resin container such as a PET bottle using high
pressure air that is directed through a pneumatic circuit
from an air tank has widely been utilized. For example,
in Japanese Laid-Open Patent Publication No.
11-207808, in relation to an air pressure circuit of this
type, a technical concept is disclosed for individually con-
trolling a number of valves, such as a low-pressure valve,
a switching valve, a high pressure valve, and an exhaust
valve, etc.

SUMMARY OF THE INVENTION

[0003] However, with the air pressure circuit (fluid pres-
sure circuit) according to Japanese Laid-Open Patent
Publication No. 11-207808, individualized control of the
large number of valves is complex. In the fluid pressure
circuit, it is considered to simplify the control, for example,
by using an external pilot type 3-port valve 200, as shown
in FIG. 8. More specifically, as shown in FIG. 8, the 3-
port valve 200 includes a supply port 202, an output port
204, and a discharge port 206, for example.
[0004] With the 3-port valve 200, in a state in which a
pilot fluid is not being supplied to a pilot port 208, a valve
body 212 closes the supply port 202 under the action of
a return spring 210, whereupon the output port 204 and
the discharge port 206 are placed in communication. On
the other hand, by the pilot fluid being supplied to the
pilot port 208 in order to drive the valve body 212, the
discharge port 206 is closed, and the supply port 202 and
the output port 204 are placed in communication.
[0005] However, with a 3-port valve 200 of this type,
when switching between flow passages, since an open-
ing operation of the supply port 202 and a closing oper-
ation of the discharge port 206 are carried out simulta-
neously in the valve body 212, the supply port 202 and
the discharge port 206 are temporarily placed in commu-
nication with each other. As a result, there is a problem
in that the fluid that is led from the supply port 202 leaks
out to the exterior (blowing out of the fluid occurs) through
the discharge port 206. In particular, with the fluid pres-
sure circuit, which is applied to a blow molding system
or the like, since high pressure air is used as the fluid

and the switching operation is performed frequently, con-
sumption of the air increases.
[0006] The present invention has been devised taking
into consideration the aforementioned problems, and has
the object of providing a fluid pressure circuit and a blow
molding system, which are capable of reducing con-
sumption of fluid together with simplifying control.
[0007] A fluid pressure circuit according to the present
invention includes a supply flow passage that guides a
fluid from a fluid supply unit to a fluid receiving unit that
is supplied with the fluid, a first fluid drive valve that opens
and closes the supply flow passage, a discharge flow
passage that guides fluid from the fluid receiving unit to
a fluid discharge unit, a second fluid drive valve that
opens and closes the discharge flow passage, a first pilot
flow passage that guides a pilot fluid to the first fluid drive
valve, a first solenoid valve disposed in the first pilot flow
passage, a second pilot flow passage that guides the
pilot fluid to the second fluid drive valve, a second sole-
noid valve disposed in the second pilot flow passage,
and delay means for delaying a start time of a valve-
opening operation of the first fluid drive valve until after
a start time of a valve-closing operation of the second
fluid drive valve, when one control signal from a controller
is output with respect to the first solenoid valve and the
second solenoid valve.
[0008] According to such a configuration, when the one
control signal from the controller is output with respect
to the first solenoid valve and the second solenoid valve,
as a result of the delay means, the valve-opening oper-
ation of the first fluid drive valve under the action of the
first solenoid valve is started after the valve-closing op-
eration of the second fluid drive valve under the action
of the second solenoid valve has started. Consequently,
since the time for which the fluid supply unit and the fluid
discharge unit communicate with each other is compar-
atively short, leaking out of fluid from the fluid supply unit
to the fluid discharge unit can be minimized. Thus, con-
sumption of the fluid can be suppressed. Further, since
opening and closing of the first fluid drive valve and the
second fluid drive valve is accomplished using one con-
trol signal, the control can be simplified.
[0009] In the fluid pressure circuit, the delay means
may start the valve-opening operation of the first fluid
drive valve after completion of the valve-closing opera-
tion of the second fluid drive valve. According to this ar-
rangement, since leaking out of the fluid to the fluid dis-
charge unit from the fluid supply unit can be minimized
further, consumption of the fluid can further be sup-
pressed.
[0010] In the fluid pressure circuit, the delay means
may include a delay circuit disposed in the first solenoid
valve. According to such an arrangement, even in the
case that the one control signal is output with respect to
the first solenoid valve and the second solenoid valve,
the driving start time of the first solenoid valve can be
delayed until after the driving start time of the second
solenoid valve. Consequently, with a simple configura-
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tion, the start time of the valve-opening operation of the
first fluid drive valve can be delayed beyond the start time
of the valve-closing operation of the second fluid drive
valve.
[0011] In the above-described fluid pressure circuit,
when the control signal is input, the first solenoid valve
may be driven to supply the pilot fluid to the first fluid
drive valve, and when input of the control signal is
stopped, the first solenoid valve may be driven to stop
supply of the pilot fluid to the first fluid drive valve. Further,
the valve-opening operation of the first fluid drive valve
may be started when the pilot fluid, which is led from the
first solenoid valve, has reached a predetermined drive
pressure, and the delay means may include a tank that
is disposed between the first solenoid valve in the first
pilot flow passage and the first fluid drive valve.
[0012] According to this configuration, when the con-
trol signal is input to the first solenoid valve, the first so-
lenoid valve is driven, whereupon the pilot fluid passes
through the tank and then is supplied to the first fluid drive
valve. Owing to this feature, compared to a configuration
in which the tank is not provided, the time until the pres-
sure of the pilot fluid that is supplied to the first fluid drive
valve reaches the predetermined drive pressure (i.e., the
pressure needed to start the valve-opening operation of
the first fluid drive valve) can be delayed. Thus, with a
simple configuration, the start time of the valve-opening
operation of the first fluid drive valve can be delayed be-
yond the start time of the valve-closing operation of the
second fluid drive valve.
[0013] In the above-described fluid pressure circuit,
the first solenoid valve may include a pilot fluid supply
port to which the pilot fluid from the pilot fluid supply unit
is introduced, a pilot fluid output port that outputs the pilot
fluid to the first fluid drive valve, and a pilot fluid discharge
port through which the pilot fluid is led out to the pilot fluid
discharge unit. Further, when the control signal is input,
the pilot fluid discharge port may be closed, whereupon
the pilot fluid supply port and the pilot fluid output port
are placed in communication. Moreover, when the input
of the control signal is stopped, the pilot fluid supply port
may be closed, whereupon the pilot fluid output port and
the pilot fluid discharge port are placed in communication.
[0014] According to such an arrangement, since the
pilot fluid supply port is closed and the pilot fluid output
port and the pilot fluid discharge port are placed in com-
munication in the event that the input of the control signal
to the first solenoid valve is stopped, the pilot fluid in the
interior of the tank can easily and reliably be discharged.
[0015] A blow molding system according to the present
invention, which performs blow molding by supplying a
fluid from a fluid supply unit to a fluid receiving unit that
is supplied with the fluid, includes the fluid supply unit
and the fluid receiving unit, a fluid pressure circuit that
supplies the fluid from the fluid supply unit to the fluid
receiving unit, a fluid discharge unit to which fluid guided
from the fluid receiving unit and through the fluid pressure
circuit is discharged, and a controller that controls the

fluid pressure circuit. In this case, the fluid pressure circuit
comprises the aforementioned fluid pressure circuit re-
ferred to above.
[0016] According to such a configuration, a blow mold-
ing system, which realizes the same advantages and ef-
fects as those of the aforementioned fluid pressure cir-
cuit, can be obtained.
[0017] According to the fluid pressure circuit and the
blow molding system of the present invention, when the
one control signal from the controller is output with re-
spect to the first solenoid valve and the second solenoid
valve, since the start time of the valve-opening operation
of the first fluid drive valve is delayed until after the start
time of the valve-closing operation of the second fluid
drive valve, consumption of fluid can be suppressed and
the control can be simplified.
[0018] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings in which a pre-
ferred embodiment of the present invention is shown by
way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a circuit diagram of a blow molding system
equipped with a fluid pressure circuit according to a
first embodiment of the present invention;
FIG. 2 is a longitudinal sectional view of a main body
of the fluid pressure circuit shown in FIG. 1;
FIG. 3 is a timing chart for describing operations of
the fluid pressure circuit shown in FIG. 1;
FIG. 4 is a timing chart according to a modification
of the first embodiment;
FIG. 5 is a circuit diagram of a blow molding system
equipped with a fluid pressure circuit according to a
second embodiment of the present invention;
FIG. 6 is a timing chart for describing operations of
the fluid pressure circuit shown in FIG. 5;
FIG. 7 is a timing chart according to a modification
of the second embodiment; and
FIG. 8 is a longitudinal cross sectional view of an
external pilot type 3-port valve that is used in a blow
molding system according to a conventional tech-
nique.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] Preferred embodiments of a fluid pressure cir-
cuit and a blow molding system according to the present
invention will be described below with reference to the
accompanying drawings. In the embodiment below, an
example is described in which the fluid pressure circuit
is applied to a blow molding system. However, the fluid
pressure circuit can be applied with respect to various
types of systems and devices, such as a fluid pressure
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cylinder system that supplies fluid to a cylinder for driving
the cylinder.

(First Embodiment)

[0021] A blow molding system 12A, which is equipped
with a fluid pressure circuit 10A according to a first em-
bodiment, is used, for example, for molding a resin con-
tainer such as a PET bottle or the like. The blow molding
system 12A includes a fluid supply unit 14 that serves as
a fluid supply source, a fluid receiving unit 16 (output
device) that is supplied with the fluid, a fluid discharge
unit 18 that discharges to atmosphere the fluid from the
fluid receiving unit 16, a pilot fluid supply unit 20 that
serves as a supply source for a pilot fluid, a plurality of
(two as shown in FIG. 1) pilot fluid discharge units 21, 23
that discharge the pilot fluid to atmosphere, a fluid pres-
sure circuit 10A, and a controller 22.
[0022] The fluid supply unit 14 and the pilot fluid supply
unit 20 are configured to include a compressor or a pump,
for example. Although pressurized air preferably is used
as the fluid that is supplied from the fluid supply unit 14,
any arbitrary gas or liquid may be used. The same may
be said for the pilot fluid.
[0023] The fluid receiving unit 16 is constituted as a
workpiece mounting device on which a workpiece is
mounted prior to performing blow molding. The fluid dis-
charge unit 18 and the respective pilot fluid discharge
units 21, 23 contain silencers therein for reducing ex-
haust sounds of the fluids. However, the fluid discharge
unit 18 and the respective pilot fluid discharge units 21,
23 need not necessarily contain silencers.
[0024] The fluid pressure circuit 10A has a fluid pres-
sure circuit main body 24, and a pilot valve mechanism
26 that supplies the pilot fluid to the fluid pressure circuit
main body 24. As shown in FIG. 2, the fluid pressure
circuit main body 24 includes a valve body 28, and a first
fluid drive valve 30a and a second fluid drive valve 30b,
which are juxtaposed in parallel in the valve body 28.
[0025] The valve body 28 is equipped with a base
member 34 and a cover member 36. A first valve chamber
38 in which the first fluid drive valve 30a is arranged, and
a second valve chamber 40 in which the second fluid
drive valve 30b is arranged are formed by the base mem-
ber 34 and the cover member 36.
[0026] A supply port 42 and a first output port 44, which
communicate with the first valve chamber 38, and a sec-
ond output port 46 and a discharge port 48, which com-
municate with the second valve chamber 40, are formed
in the base member 34. One end of a fluid passage that
connects to the fluid supply unit 14 is connected to the
supply port 42.
[0027] The first output port 44 and the second output
port 46 communicate with a common output port 50 that
is formed between the first fluid drive valve 30a and the
second fluid drive valve 30b. The common output port
50 is formed in communication with a connecting hole
disposed in the base member 34, and with a through hole

disposed in the cover member 36. One end of a fluid
passage that connects to the fluid receiving unit 16 is
connected to the common output port 50.
[0028] The discharge port 48 is formed in communica-
tion with a connecting hole disposed in the base member
34 and with a through hole disposed in the cover member
36. An end of a fluid passage that connects to the fluid
discharge unit 18 is connected to the discharge port 48.
A sealing ring 52 that prevents leakage of fluid to the
exterior of the valve body 28 from the common output
port 50, and a sealing ring 54 that prevents leakage of
fluid to the exterior of the valve body 28 from the dis-
charge port 48 are provided between the base member
34 and the cover member 36.
[0029] The first fluid drive valve 30a opens and closes
a supply flow passage 56 through which a fluid from the
fluid supply unit 14 is guided to the fluid receiving unit
16, and the second fluid drive valve 30b opens and closes
a discharge flow passage 58 through which a fluid from
the fluid receiving unit 16 is guided to a fluid discharge
unit 18 (see FIG. 1). The first fluid drive valve 30a and
the second fluid drive valve 30b are constituted as so-
called external pilot type 2-port valves.
[0030] The first fluid drive valve 30a includes a pilot
piston 60 disposed in the cover member 36, a piston rod
62 that is connected to the pilot piston 60, a bush 64 that
is fixed in the first valve chamber 38 and through which
the piston rod 62 is inserted, and an adapter 66 and a
piston 68 that are disposed on the piston rod 62.
[0031] A piston packing 70 and a wear ring 72 are
mounted through annular grooves on an outer circum-
ferential surface of the pilot piston 60. Further, within a
wall surface that makes up the first valve chamber 38,
on a region thereof facing an end surface of the pilot
piston 60, a pilot port 74a is formed through which the
pilot fluid flows.
[0032] Both ends of the piston rod 62 are reduced in
diameter. The adapter 66 is disposed through a rod pack-
ing 76 on a reduced diameter portion on one end side of
the piston rod 62, and the piston 68 is disposed through
a rod packing 78 on a reduced diameter portion on the
other end side of the piston rod 62.
[0033] The bush 64 is formed in a cylindrical shape
and extends in an axial direction of the piston rod 62 from
the cover member 36 to the vicinity of the supply port 42.
A through hole that communicates with the first output
port 44 is formed in the bush 64. In the bush 64, on an
end surface thereof on the side of the pilot piston 60, a
ring-shaped damper (resilient member) 80 is installed
that mitigates shocks caused by collision with the pilot
piston 60. A pair of sealing rings 82 is mounted on the
outer circumferential surface of the bush 64.
[0034] A sealing ring 84 and a wear ring 86 are mount-
ed through annular grooves on an outer circumferential
surface of the adapter 66. In the present embodiment,
inadvertent removal of the sealing ring 84 is prevented
by providing a retaining ring 88 on one end surface of
the adapter 66. Further, in a state in which the other end
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surface of the adapter 66 abuts against a stepped part
of the piston rod 62, a nut 90 is screw-engaged with a
threaded part formed on one end portion of the piston
rod 62, and the retaining ring 88 is press-fitted onto an-
other end side of the piston rod 62, whereby the adapter
66 is fixed with respect to the piston rod 62.
[0035] One end portion of the piston 68 is formed to
be larger than the inner diameter of the bush 64, and a
buffer ring (resilient member) 92, which functions as a
valve body in contact with a valve seat 91 that is formed
on the bush 64, and a retaining member 94 for fixing the
buffer ring 92 are arranged in a concave portion that is
formed on one end surface of the piston 68.
[0036] A wear ring 96 and a sealing ring 98 are mount-
ed through annular grooves on an outer circumferential
surface of the diametrically reduced other end side of the
piston 68. In the present embodiment, inadvertent re-
moval of the sealing ring 98 is prevented by providing a
retaining ring 100 on the other end surface of the piston
68. Further, in a state in which the retaining member 94
abuts against a stepped part of the piston rod 62, a nut
102 is screw-engaged with a threaded part formed on
the other end portion of the piston rod 62, and the retain-
ing ring 100 is press-fitted onto the one end side of the
piston rod 62, whereby the piston 68 is fixed with respect
to the piston rod 62.
[0037] A return spring 104, which urges the piston 68
toward the side of the pilot piston 60, is disposed on the
retaining ring 100. Further, within the first valve chamber
38, on a wall surface that makes up a space in which the
return spring 104 is arranged, a breathing port 106a is
formed that communicates with the atmosphere.
[0038] In the first fluid drive valve 30a, which is consti-
tuted as described above, under a condition in which the
pilot fluid is not being supplied, the buffer ring 92 is kept
in contact with the valve seat 91 by the biasing force of
the return spring 104, thereby maintaining a valve-closed
state. On the other hand, when the pilot fluid is supplied
through the pilot port 74a, the piston rod 62 is displaced
toward the side of the return spring 104 in opposition to
the spring force of the return spring 104, whereby a valve-
open state is brought about in which the buffer ring 92
separates away from the valve seat 91.
[0039] Since the second fluid drive valve 30b is of the
same structure as the first fluid drive valve 30a, detailed
description of the second fluid drive valve 30b is omitted.
In the second fluid drive valve 30b, the bush 64 extends
in an axial direction of the piston rod 62 from the cover
member 36 to the vicinity of the second output port 46.
A through hole that communicates with the discharge
port 48 is formed in the bush 64 of the second fluid drive
valve 30b.
[0040] Further, within a wall surface that makes up the
second valve chamber 40, on a region thereof facing an
end surface of the pilot piston 60, a pilot port 74b is formed
through which the pilot fluid flows. In addition, in the sec-
ond valve chamber 40, on a wall surface that makes up
a space in which the return spring 104 is arranged, a

breathing port 106b is formed that communicates with
the atmosphere.
[0041] As shown in FIG. 1, the pilot valve mechanism
26 is equipped with a first pilot flow passage 108 for guid-
ing the pilot fluid from the pilot fluid supply unit 20 to the
first fluid drive valve 30a, a first solenoid valve 110a pro-
vided in the first pilot flow passage 108, a second pilot
flow passage 112 for guiding the pilot fluid from the pilot
fluid supply unit 20 to the second fluid drive valve 30b,
and a second solenoid valve 110b provided in the second
pilot flow passage 112.
[0042] The first solenoid valve 110a is constituted as
a so-called 3-port solenoid valve, and includes a pilot
fluid supply port 114a to which the pilot fluid from the pilot
fluid supply unit 20 is introduced, a pilot fluid output port
116a that outputs the pilot fluid to the first fluid drive valve
30a, and a pilot fluid discharge port 118a through which
the pilot fluid is led out to the pilot fluid discharge unit 21.
[0043] The first solenoid valve 110a is constituted as
a normally closed valve. In the case that the control signal
is not input to the first solenoid valve 110a from the con-
troller 22, the pilot fluid supply port 114a is closed, and
the pilot fluid discharge port 118a and the pilot fluid output
port 116a are placed in communication. Consequently,
the first fluid drive valve 30a remains in a valve-closed
state under the action of the return spring 104.
[0044] Further, in the first solenoid valve 110a, when
the control signal is input from the controller 22, the pilot
fluid discharge port 118a is closed, whereupon the pilot
fluid supply port 114a and the pilot fluid output port 116a
are placed in communication. Consequently, the first fluid
drive valve 30a is placed in a valve-open state under the
action of the pilot fluid.
[0045] The second solenoid valve 110b is constituted
as a so-called 3-port solenoid valve, and includes a pilot
fluid supply port 114b to which the pilot fluid from the pilot
fluid supply unit 20 is introduced, a pilot fluid output port
116b that outputs the pilot fluid to the second fluid drive
valve 30b, and a pilot fluid discharge port 118b through
which the pilot fluid is led out to the pilot fluid discharge
unit 23.
[0046] The second solenoid valve 110b is constituted
as a normally open valve. In the case that a control signal
is not input to the second solenoid valve 110b from the
controller 22, the pilot fluid discharge port 118b is closed,
and the pilot fluid supply port 114b and the pilot fluid
output port 116b are placed in communication. Conse-
quently, the second fluid drive valve 30b is placed in a
valve-open state under the action of the pilot fluid.
[0047] Further, in the second solenoid valve 110b,
when the control signal is input from the controller 22,
the pilot fluid supply port 114b is closed, whereupon the
pilot fluid discharge port 118b and the pilot fluid output
port 116b are placed in communication. Consequently,
the second fluid drive valve 30b remains in a valve-closed
state under the action of the return spring 104.
[0048] The controller 22 controls opening and closing
of both the first fluid drive valve 30a and the second fluid
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drive valve 30b, by outputting one control signal with re-
spect to the first solenoid valve 110a and the second
solenoid valve 110b.
[0049] In the present embodiment, a delay circuit (de-
lay means) 120 is incorporated into a substrate of the
first solenoid valve 110a. When a control signal is input
to the first solenoid valve 110a from the controller 22, the
delay circuit 120 delays by a predetermined delay time
ΔT the timing at which driving (activation or energization
of the solenoid unit) of the first solenoid valve 110a is
started. Consequently, the valve-opening operation of
the first fluid drive valve 30a can be started after the valve-
closing operation of the second fluid drive valve 30b has
started.
[0050] In the present embodiment, the delay time ΔT
is set to a time such that the valve-opening operation of
the first fluid drive valve 30a is started after completion
of the valve-closing operation of the second fluid drive
valve 30b. Owing thereto, leakage of the fluid of the fluid
supply unit 14 from the fluid discharge unit 18 through
the first fluid drive valve 30a and the second fluid drive
valve 30b can reliably be prevented.
[0051] In this case, more preferably, the delay time ΔT
is set to a time such that the valve-opening operation of
the first fluid drive valve 30a is started substantially at
the same time as the completion of the valve-closing op-
eration (i.e., immediately after completion of the valve-
closing operation) of the second fluid drive valve 30b.
Thus, leakage of the fluid of the fluid supply unit 14 from
the fluid discharge unit 18 through the first fluid drive valve
30a and the second fluid drive valve 30b can reliably be
prevented, while also effectively suppressing a length-
ening of the time needed for the flow passage switching
operations of the fluid pressure circuit 10A.
[0052] The blow molding system 12A, which is
equipped with the fluid pressure circuit 10A according to
the present embodiment, is constructed basically as de-
scribed above. Next, operations and advantages thereof
will be explained.
[0053] First, in an initial state prior to performing blow
molding, the controller 22 stops output of the control sig-
nal with respect to the first solenoid valve 110a and the
second solenoid valve 110b. At this time, in the first so-
lenoid valve 110a, the pilot fluid supply port 114a is
closed, and the pilot fluid discharge port 118a and the
pilot fluid output port 116a are placed in communication.
Thus, since the pilot fluid is not supplied to the first fluid
drive valve 30a, communication between the supply port
42 and the first output port 44 is blocked. In other words,
supply of the fluid to the fluid receiving unit 16 from the
fluid supply unit 14 is stopped.
[0054] Further, in the second solenoid valve 110b, the
pilot fluid discharge port 118b is closed, and the pilot fluid
supply port 114b and the pilot fluid output port 116b are
placed in communication. Thus, since the pilot fluid is
supplied to the second fluid drive valve 30b, communi-
cation is established between the second output port 46
and the discharge port 48.

[0055] In the case that blow molding is carried out, a
non-illustrated workpiece (parison) is arranged in a pre-
determined mold, and the fluid receiving unit 16 is at-
tached to the workpiece. In addition, one control signal
is output from the controller 22 with respect to the first
solenoid valve 110a and the second solenoid valve 110b.
When this is done, as shown in FIG. 3, the control signal
is input substantially simultaneously to the first solenoid
valve 110a and the second solenoid valve 110b.
[0056] When the control signal is input to the second
solenoid valve 110b, the pilot fluid supply port 114b is
closed, and the pilot fluid output port 116b and the pilot
fluid discharge port 118b are placed in communication.
Upon doing so, since the pilot fluid that was supplied to
the second fluid drive valve 30b is discharged to atmos-
phere through the pilot fluid discharge unit 23, a valve-
closing operation of the second fluid drive valve 30b is
started. More specifically, in the second fluid drive valve
30b, the piston 68, which is pressed by the return spring
104, is displaced toward the valve seat 91. In addition,
in the second fluid drive valve 30b, by the buffer ring 92
abutting against the valve seat 91, thereby completing
the valve-closing operation of the second fluid drive valve
30b, communication between the second output port 46
and the discharge port 48 is blocked.
[0057] On the other hand, when the control signal is
input to the first solenoid valve 110a, after the predeter-
mined delay time ΔT set by the delay circuit 120 has
elapsed, the first solenoid valve 110a is driven. More spe-
cifically, after the valve-closing operation of the second
fluid drive valve 30b is completed, the first solenoid valve
110a is driven, the pilot fluid discharge unit 21 is closed,
and the pilot fluid supply port 114a and the pilot fluid
output port 116a are placed in communication.
[0058] When this occurs, since the pilot fluid from the
pilot fluid supply unit 20 is guided to the first fluid drive
valve 30a, the valve-opening operation of the first fluid
drive valve 30a is started. More specifically, in the first
fluid drive valve 30a, the pilot piston 60 is pressed by the
pilot fluid, whereby the buffer ring 92 separates away
from the valve seat 91. Stated otherwise, the supply port
42 and the first output port 44 are placed in communica-
tion, and the supply flow passage 56 is opened. In addi-
tion, upon completion of the valve-opening operation of
the first fluid drive valve 30a, the fluid that is supplied to
the fluid receiving unit 16 reaches a predetermined pres-
sure.
[0059] Consequently, the fluid from the fluid supply unit
14 is guided to the fluid receiving unit 16 through the
supply port 42, the first output port 44, and the common
output port 50, and the workpiece is subjected to blow
molding. At this time, since the discharge flow passage
58 is closed, the fluid supplied to the common output port
50 from the first output port 44 is not discharged to the
atmosphere.
[0060] After completion of blow molding, the controller
22 stops output of the control signal with respect to the
first solenoid valve 110a and the second solenoid valve
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110b. Consequently, the first solenoid valve 110a and
the second solenoid valve 110b are driven, and by the
second fluid drive valve 30b being opened under the ac-
tion of the pilot fluid, together with the pilot fluid being
discharged to atmosphere through the pilot fluid dis-
charge unit 21, the first fluid drive valve 30a is closed
under the action of the return spring 104, and the initial
condition is restored.
[0061] According to the present embodiment, when the
one control signal from the controller 22 is output with
respect to the first solenoid valve 110a and the second
solenoid valve 110b, as a result of the delay circuit 120,
the valve-opening operation of the first fluid drive valve
30a under the action of the first solenoid valve 110a is
started after completion of the valve-closing operation of
the second fluid drive valve 30b under the action of the
second solenoid valve 110b (after the valve-closing op-
eration of the second fluid drive valve 30b has started).
Accordingly, since leaking out of fluid to the fluid dis-
charge unit 18 from the fluid supply unit 14 can be min-
imized, consumption of fluid when blow molding is carried
out can be effectively suppressed. Further, since opening
and closing of the first fluid drive valve 30a and the second
fluid drive valve 30b is accomplished by driving the first
solenoid valve 110a and the second solenoid valve 110b
using one control signal, the control can be simplified.
[0062] According to the present embodiment, since the
delay circuit 120 is incorporated into the substrate of the
first solenoid valve 110a, even in the case that the one
control signal is output with respect to the first solenoid
valve 110a and the second solenoid valve 110b, the driv-
ing start time of the first solenoid valve 110a can be de-
layed until after the driving start time of the second sole-
noid valve 110b. Consequently, with a simple configura-
tion, the start time of the valve-opening operation of the
first fluid drive valve 30a can be delayed beyond the start
time of the valve-closing operation of the second fluid
drive valve 30b.
[0063] The present embodiment is not limited to the
configuration and controls discussed above. The delay
time ΔT may be set to a time such that the start of the
valve-opening operation of the first fluid drive valve 30a
occurs during a time between the start and the completion
of the valve-closing operation of the second fluid drive
valve 30b. In this case, when the one control signal from
the controller 22 is output with respect to the first solenoid
valve 110a and the second solenoid valve 110b, as
shown in FIG. 4, as a result of the delay circuit 120, the
valve-opening operation of the first fluid drive valve 30a
under the action of the first solenoid valve 110a is started
during a time between the start and the completion of the
valve-closing operation of the second fluid drive valve
30b under the action of the second solenoid valve 110b
(after the valve-closing operation of the second fluid drive
valve 30b has started).
[0064] Consequently, since the time for which the fluid
supply unit 14 and the fluid discharge unit 18 communi-
cate with each other is comparatively short, leaking out

of fluid from the fluid supply unit 14 to the fluid discharge
unit 18 can be minimized. Thus, the control can be sim-
plified, and consumption of fluid can be suppressed. Fur-
ther, lengthening of the time needed for the flow passage
switching operations of the fluid pressure circuit 10A can
be further suppressed.

(Second Embodiment)

[0065] Next, a blow molding system 12B equipped with
a fluid pressure circuit 10B according to a second em-
bodiment of the present invention will be described with
reference to FIGS. 5 through 7. In the blow molding sys-
tem 12B according to the present embodiment, structural
elements thereof, which have the same or similar func-
tions and realize the same effects as those of the blow
molding system 12A described above, are denoted by
the same reference characters, and detailed description
of such features is omitted.
[0066] As shown in FIG. 5, the fluid pressure circuit
10B according to the present embodiment includes a tank
122, which functions as the delay means, and which is
disposed between the pilot fluid output port 116a of the
first solenoid valve 110a in the first pilot flow passage
108 and the pilot port 74a of the first fluid drive valve 30a.
[0067] Owing to this feature, since the pilot fluid of the
pilot fluid supply unit 20 passes through the tank 122 and
then is guided to the pilot port 74a of the first fluid drive
valve 30a, the time until the pressure (pilot pressure) of
the pilot fluid reaches a pressure (drive pressure) nec-
essary to displace the pilot piston 60 of the first fluid drive
valve 30a can be delayed. Consequently, the valve-
opening operation of the first fluid drive valve 30a can be
started after the valve-closing operation of the second
fluid drive valve 30b has started.
[0068] The capacity or volume of the tank 122 is set to
a volume such that the valve-opening operation of the
first fluid drive valve 30a is started after completion of the
valve-closing operation of the second fluid drive valve
30b. Accordingly, leakage of the fluid of the fluid supply
unit 14 from the fluid discharge unit 18 through the first
fluid drive valve 30a and the second fluid drive valve 30b
can reliably be prevented.
[0069] In this case, preferably, the capacity or volume
of the tank 122 is set to a volume such that the valve-
opening operation of the first fluid drive valve 30a is start-
ed substantially at the same time as the completion of
the valve-closing operation (i.e., immediately after com-
pletion of the valve-closing operation) of the second fluid
drive valve 30b. This is so that leakage of the fluid of the
fluid supply unit 14 from the fluid discharge unit 18
through the first fluid drive valve 30a and the second fluid
drive valve 30b can reliably be prevented, while also ef-
fectively suppressing a lengthening of the time needed
for the flow passage switching operations of the fluid
pressure circuit 10B.
[0070] With the present embodiment, the aforemen-
tioned delay circuit 120 is not provided. However, in the
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present embodiment, it is possible for the delay circuit
120 to be provided in the first solenoid valve 110a. In this
case, the valve-opening operation of the first fluid drive
valve 30a can be delayed using both the delay circuit 120
and the tank 122.
[0071] According to the present embodiment, as
shown in FIG. 6, when blow molding is carried out, upon
the controller 22 outputting one control signal with re-
spect to the first solenoid valve 110a and the second
solenoid valve 110b, the first solenoid valve 110a and
the second solenoid valve 110b are driven substantially
at the same time. More specifically, under the action of
the second solenoid valve 110b, the valve-closing oper-
ation of the second fluid drive valve 30b is started. In
addition, by completing the valve-closing operation of the
second fluid drive valve 30b, communication between
the second output port 46 and the discharge port 48 is
blocked.
[0072] Further, in the first solenoid valve 110a, the pilot
fluid discharge port 118a is closed, and the pilot fluid
supply port 114a and the pilot fluid output port 116a are
placed in communication. Upon doing so, the pilot fluid
from the pilot fluid supply unit 20 passes through the tank
122, and then is supplied to the pilot port 74a of the first
fluid drive valve 30a. At this time, the pilot pressure that
acts on the first fluid drive valve 30a reaches the drive
pressure of the first fluid drive valve 30a when the pre-
determined delay time ΔT has elapsed.
[0073] More specifically, during the period that the pilot
pressure of the first fluid drive valve 30a is rising, the
valve-closing operation of the second fluid drive valve
30b is completed. In addition, when the pilot pressure
reaches the drive pressure, the pilot piston 60 of the first
fluid drive valve 30a is pressed by the pilot fluid, whereby
the buffer ring 92 separates away from the valve body.
Consequently, the supply port 42 and the first output port
44 are placed in communication, and the supply flow pas-
sage 56 is opened. In addition, upon completion of the
valve-opening operation of the first fluid drive valve 30a,
the fluid that is supplied to the fluid receiving unit 16
reaches a predetermined pressure, whereby blow mold-
ing is carried out.
[0074] After completion of blow molding, when the con-
troller 22 stops output of the control signal with respect
to the first solenoid valve 110a and the second solenoid
valve 110b, the first solenoid valve 110a and the second
solenoid valve 110b are driven, and the second fluid drive
valve 30b is opened, together with closing the first fluid
drive valve 30a. At this time, in the first solenoid valve
110a, the pilot fluid supply port 114a is closed, and the
pilot fluid discharge port 118a and the pilot fluid output
port 116a are placed in communication. Thus, the pilot
fluid that resides in the tank 122 is discharged to atmos-
phere through the pilot fluid discharge unit 21. Therefore,
each time that blow molding is carried out, the tank 122
is capable of repeatedly delaying the valve-opening op-
eration of the first fluid drive valve 30a.
[0075] According to the present embodiment, when the

control signal is input to the first solenoid valve 110a, the
first solenoid valve 110a is driven, whereupon the pilot
fluid passes through the tank 122 and then is supplied
to the first fluid drive valve 30a. Owing to this feature,
compared to a case in which the tank 122 is not provided,
the time until the pressure of the pilot fluid that is supplied
to the first fluid drive valve 30a reaches the drive pressure
of the first fluid drive valve 30a can be delayed. Conse-
quently, with a simple configuration, the start time of the
valve-opening operation of the first fluid drive valve 30a
can be delayed beyond the start time of the valve-closing
operation of the second fluid drive valve 30b.
[0076] Further, since the pilot fluid supply port 114a is
closed and the pilot fluid output port 116a and the pilot
fluid discharge port 118a are placed in communication
in the event that the input of the control signal to the first
solenoid valve 110a is stopped, the pilot fluid in the inte-
rior of the tank 122 can easily and reliably be discharged.
[0077] The present embodiment is not limited to the
configuration and controls described above. The capac-
ity or volume of the tank 122 may be set to a capacity or
volume such that the start of the valve-opening operation
of the first fluid drive valve 30a occurs during a time be-
tween the start and the completion of the valve-closing
operation of the second fluid drive valve 30b. In this case,
when the one control signal from the controller 22 is out-
put with respect to the first solenoid valve 110a and the
second solenoid valve 110b, as shown in FIG. 7, owing
to the tank 122, the valve-opening operation of the first
fluid drive valve 30a under the action of the first solenoid
valve 110a is started during a time between the start and
the completion of the valve-closing operation of the sec-
ond fluid drive valve 30b under the action of the second
solenoid valve 110b (after the valve-closing operation of
the second fluid drive valve 30b has started).
[0078] Consequently, since the time for which the fluid
supply unit 14 and the fluid discharge unit 18 communi-
cate with each other is comparatively short, leaking out
of fluid from the fluid supply unit 14 to the fluid discharge
unit 18 can be minimized. Accordingly, the control can
be simplified, and consumption of fluid can be sup-
pressed. Further, lengthening of the time needed for the
flow passage switching operations of the fluid pressure
circuit 10B can further be suppressed.

Claims

1. A fluid pressure circuit (10A, 10B) comprising:

a supply flow passage (56) that guides a fluid
from a fluid supply unit (14) to a fluid receiving
unit (16) that is supplied with the fluid;
a first fluid drive valve (30a) that opens and clos-
es the supply flow passage (56);
a discharge flow passage (58) that guides fluid
from the fluid receiving unit (16) to a fluid dis-
charge unit (18) ;
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a second fluid drive valve (30b) that opens and
closes the discharge flow passage (58);
a first pilot flow passage (108) that guides a pilot
fluid to the first fluid drive valve (30a);
a first solenoid valve (110a) disposed in the first
pilot flow passage (108);
a second pilot flow passage (112) that guides
the pilot fluid to the second fluid drive valve
(30b);
a second solenoid valve (110b) disposed in the
second pilot flow passage (112); and
delay means for delaying a start time of a valve-
opening operation of the first fluid drive valve
(30a) until after a start time of a valve-closing
operation of the second fluid drive valve (30b),
when one control signal from a controller (22) is
output with respect to the first solenoid valve
(110a) and the second solenoid valve (110b).

2. The fluid pressure circuit (10A, 10B) according to
claim 1, wherein the delay means starts the valve-
opening operation of the first fluid drive valve (30a)
after completion of the valve-closing operation of the
second fluid drive valve (30b).

3. The fluid pressure circuit (10A, 10B) according to
claim 1 or 2, wherein the delay means includes a
delay circuit (120) disposed in the first solenoid valve
(110a).

4. The fluid pressure circuit (10B) according to any one
of claims 1 through 3, wherein:

when the control signal is input, the first solenoid
valve (110a) is driven to supply the pilot fluid to
the first fluid drive valve (30a), and when input
of the control signal is stopped, the first solenoid
valve (110a) is driven to stop supply of the pilot
fluid to the first fluid drive valve (30a);
the valve-opening operation of the first fluid drive
valve (30a) is started when the pilot fluid, which
is led from the first solenoid valve (110a), has
reached a predetermined drive pressure; and
the delay means includes a tank (122) that is
disposed between the first solenoid valve (110a)
in the first pilot flow passage (108) and the first
fluid drive valve (30a).

5. The fluid pressure circuit (10B) according to claim 4,
wherein:

the first solenoid valve (110a) includes a pilot
fluid supply port (114a) to which the pilot fluid
from the pilot fluid supply unit (20) is introduced,
a pilot fluid output port (116a) that outputs the
pilot fluid to the first fluid drive valve (30a), and
a pilot fluid discharge port (118a) through which
the pilot fluid is led out to the pilot fluid discharge

unit (21); and
when the control signal is input, the pilot fluid
discharge port (118a) closes and the pilot fluid
supply port (114a) and the pilot fluid output port
(116a) are placed in communication, and when
the input of the control signal is stopped, the pilot
fluid supply port (114a) closes and the pilot fluid
output port (116a) and the pilot fluid discharge
port (118a) are placed in communication.

6. A blow molding system (12A, 12B) that performs
blow molding by supplying a fluid from a fluid supply
unit (14) to a fluid receiving unit (16) that is supplied
with the fluid, comprising:

the fluid supply unit (14) and the fluid receiving
unit (16) ;
a fluid pressure circuit (10A, 10B) that supplies
the fluid from the fluid supply unit (14) to the fluid
receiving unit (16);
a fluid discharge unit (18) to which fluid guided
from the fluid receiving unit (16) and through the
fluid pressure circuit (10A, 10B) is discharged;
and
a controller (22) that controls the fluid pressure
circuit (10A, 10B);
wherein the fluid pressure circuit (10A, 10B)
comprises the fluid pressure circuit (10A, 10B)
according to any one of claims 1 through 5.
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