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Description

[0001] The present invention relates to a pilot sole-
noid valve, in particular to a pilot solenoid valve that is
installed on a manifold base to drive the valve body of
a main valve using pilot fluid supplied or ejected through
pilot valves driven by a solenoid, and that switches the
output opening of the main valve between a supply
opening and an ejection opening for communication.
[0002] Pilot solenoid valves that include a main valve
installed on a manifold base and pilot valves attached
to the main valve to drive the valve body of the main
valve using a pilot fluid which is supplied or ejected
through the pilot valves, and that switches the output
opening of the main valve between a supply opening
and an ejection opening for communication are well
known and need not be illustrated here.

[0003] If such well-known pilot solenoid valves are
used in a very humid working environment, pilot valves
that have an electrical section and the energization sys-
tem must be protected to prevent accidents that could
be caused by water. Itis difficult and expensive, howev-
er, to make only the pilot valves attached to the main
valve and the energization system water proof or mois-
ture-proof.

Therefore, it is simpler and more effective to cover all
the valves including a large number of main valves ar-
ranged on manifold bases to protect them from water.
[0004] When, however, the pilot solenoid valve is wa-
terproofed in this way, the cover must be removed to
disable the overall waterproof function each time main-
tenance or inspection of the main or pilot valves is car-
ried out or a defective part is replaced, even if said main-
tenance or inspection involves parts other than the pilot
valves, which do not require a waterproof function. This
might cause some problems, and is also a problem that
makes maintenance and inspection cumbersome. In
addition, the pilot solenoid valve normally includes a
manual operation section that allows the main or pilot
valves to be manually opened and closed when the pow-
er supply is interrupted or the valves become defective.
In such a case, the cover must also be removed to dis-
able the overall waterproof function.

[0005] US-A-5184648 discloses one example of a pri-
or solenoid operated valve including a main valve and
a pilot valve. The pilot valve includes a valve body within
which electrical components for the operation of the
valves are provided.

[0006] According to the present invention, a pilot so-
lenoid valve comprising a manifold base, a main valve
for switching an output opening between a supply open-
ing and an ejection opening, and a pilot valve driven by
a solenoid to drive the valve body of the main valve, the
pilot solenoid valve axially driving the valve body of the
main valve using pilot fluid supplied or ejected through
the pilot valve in order to switch the channel between
the openings, wherein the manifold base includes a feed
line housing passage through which feed lines for feed-
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ing the pilot valve pass, is characterised in that a water-
proof cover is provided for protecting the pilot valve and
the energization system but not the main valve, said en-
ergization system extending from the feed line to the pi-
lot valve, and in that

the main valve and the pilot valve are independ-
ently installed on the manifold base, separate from each
other and arranged in series relative to the axial direc-
tion of the valve body of the main valve.
[0007] The invention is therefore able to provide a pi-
lot solenoid valve having a simple structure protecting
only the pilot valves and the energization system from
water.
[0008] This invention enables the maintenance, in-
spection, and replacement of parts other than the pilot
valves and the energization system without disabling
the waterproof function, and allows the above work to
be carried out independently of the above waterproofed
section.
[0009] With this invention, a common cover may be
used for a pilot solenoid valve with one or two pilot
valves.
[0010] In a preferred example, this invention allows
the manual operation section provided therein to be op-
erated easily without disabling the waterproof function
of the pilot valves.
[0011] Preferably, an installation surface for the two
solenoid-driven pilot valves that drive the valve body of
the main body in its axial direction either forward or
backward is provided on the manifold base in the axial
direction of the valve body of the main body or in an
orthogonal direction to the axial direction.
[0012] In addition, suitably for a pilot valve with a pilot
manual operation button that switches the communica-
tion between the channels to the pilot valve when
pressed, a manual press section that can press and op-
erate the pilot manual operation button when externally
pressed is provided at the position of the waterproof cov-
er section corresponding to the pilot manual operation
button.
[0013] In the pilot solenoid valve with the above con-
figuration, since the main valve and the solenoid-driven
pilot valves are independently installed on the manifold
base so as to be separated from each other, the pilot
solenoid valve can be provided with a waterproof func-
tion using a simple structure by covering with a water-
proof cover only the pilot valves that have an electrical
section and the energization system.
[0014] Furthermore, it is unnecessary to remove the
waterproof cover to disable the waterproof function even
when conducting maintenance or inspection of those
parts which do not require a waterproof function as in
the case where the overall solenoid valve, including a
large number of main valves arranged on the manifold
bases, is covered to make it waterproof, and the main-
tenance or inspection of these parts can be carried out
independently of the waterproofed section. At the same
time, the maintenance and inspection of the water-
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proofed section can be conducted without affecting the
other waterproofed sections by removing the waterproof
cover for the desired section.

[0015] Furthermore, since the installation surface for
the two solenoid-driven pilot valves that drive the valve
body of the main body forward or backward is provided
on the manifold base, and the pilot valves installed on
the installation surface and the energization system are
covered with a waterproof cover, the common water-
proof cover can be used for both a single solenoid valve
with one pilot valve and a double solenoid valve with two
pilot valves. In addition, since the manifold base in-
cludes the feeding line housing passage to the pilot
valves, the energization system can be simultaneously
protected from water.

[0016] In addition, in this pilot solenoid valve, since
the installation surface for the two solenoid-driven pilot
valves that drive the valve body of the main body either
forward or backward is provided on the manifold base
in the axial direction of the valve body of the main body
or in an direction orthogonal to the axial direction, the
pilot solenoid valve can be made compact so that it can
be installed at small installation sites.

[0017] Furthermore, with this pilot solenoid valve, if a
manual press section that can operate the pilot manual
operation button is provided at the position on the wa-
terproof cover corresponding to the manual operation
button, the pilot manual operation button can be oper-
ated easily without disabling the waterproof function for
the pilot valves when an accident such as service inter-
ruption prevents the main valve from being operated by
using the pilot valves.

[0018] The invention will now be further described by
way of example with reference to the accompanying
drawings in which:

Figure 1 is a vertical cross sectional side view show-
ing the configuration of a first embodiment of this
invention taken along line |-l in Figure 2.

Figure 2 is a plan view showing an implementation
in which pilot solenoid valves are connected togeth-
er according to this invention.

Figure 3 is a front view of Figure 2.

Figure 4 is a side view of Figure 2.

Figure 5 is a vertical cross sectional side view show-
ing a second embodiment of this invention.

Figure 6 is a vertical cross sectional side view show-
ing a third embodiment.

Figure 7 is a vertical cross sectional side view show-
ing a variation of the third embodiment.

Figure 8 is a vertical cross sectional side view show-
ing a fourth embodiment.

Figure 9 is a plan view of Figure 8.

Figure 10 is a vertical cross sectional side view
showing a fifth embodiment.

[0019] Figures 1 to 4 show a first embodiment of this
invention, and a manifold base 2 of a pilot solenoid valve
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1 has an installation surface for a main valve 3 and an
installation surface for a first and second pilot valves 4A
and 4B, the surfaces being separated longitudinally of
the manifold base 2. In Figure 1, a single solenoid main
valve 3 is mounted on the installation surface of the
manifold base 2 and a first solenoid-driven pilot valve
4A is mounted on its installation surface of the manifold
base 2 (the I-I cross section in Figure 2). Although, in
Figure 1, the second pilot valve 4B is expressed on the
second pilot valve 4B installation surface by a chain line,
this shows how the second pilot valve 4B is mounted
when a double solenoid pilot valve 1A (see Figure 2) is
used, and the pilot valve 4B is not mounted when the
single solenoid main valve 3 is used. The manifold base
includes a waterproof cover 5 capable of covering both
pilot valves 4A and 4B.

[0020] Many manifold bases 2, each including main
and pilot valves, are generally connected together as
shown in Figures 2 and 3. The manifold base 2 has a
pressure fluid supply channel 8; first and second ejec-
tion channels 9A and 9B; a pilot supply channel ps; and
a pilot ejection channel pe; all penetrating the manifold
base in the direction in which the manifold bases are
connected together. It also has a wiring housing pas-
sage 10 for an energization system; and firstand second
output ports 11A and 11B that open to a front end sur-
face, as shown in Figures 1. The supply channel 8, the
ejection channels 9A and 9B, and the output ports 11A
and 11B open to the main valve installation surface with-
in the top surface of the manifold bases 2. In addition,
the pilot supply and ejection channels ps and pe open
to the installation positions of the first and second pilot
valves 4A and 4B in the pilot valve installation surface
within the top surface of the manifold bases 2, and the
wiring housing passage 10 is in communication with a
socket-mounting section 10a that opens to the pilot
valve installation surface via a passage.

[0021] The channels 8, 9A, and 9B that open to the
main valve installation surface of the manifold base 2
are formed under the main valve installation surface,
and the pilot supply and ejection channel ps and pe are
formed under the main valve installation position or un-
der the installation surface between the main valve in-
stallation position and the pilot valve installation posi-
tion. Furthermore, the wiring housing passage 10 is
formed under the installation surface of the pilot valves
4A and 4B. Since the manifold base 2 has few large
channels under the pilot valve installation surface, a suf-
ficient space can be obtained for the feeding line hous-
ing passage 10.

[0022] This pilot solenoid valve 1 is used so that a re-
quired number of manifold bases 2 are connected to-
gether. The manifold bases are connected together by
inserting connecting bolts 14 (see Figure 4) into the var-
ious connecting holes 6 (see Figure 1) formed in the
manifold base 2 and the connecting holes formed in the
corresponding positions in a first side plate 12 at one
end of the set of manifold bases and a second side plate
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13 at the other end thereof.

[0023] The first side plate 12 includes on its front sur-
face a pressure fluid supply and ejection ports P and R
and in a connector mounting hole formed on the outer
surface, a multi-pole connector 16 that electrically con-
nects to the solenoids of the pilot valves 4A and 4B (see
Figures 2 to 4). The supply port P opens to the positions
corresponding to the supply channel 8 and pilot supply
channel ps in the manifold base 2 through the passages
in the first side plate 12, and the ejection port R opens
to the positions corresponding to the ejection channels
9A and 9B and pilot ejection channel pe. On the other
hand, the second side plate 13 closes the other ends of
these channels in the manifold base 2. Although not
shown, a gasket is mounted in the connecting surfaces
between the manifold base 2 and the first and second
side plates 12 and 13 to allow the channels to commu-
nicate with one another in an airtight manner.

[0024] The manifold base 2 allows the single solenoid
main valve 3, as shown in Figure 1, to be installed on
the main valve installation surface, and also allows a
double solenoid main valve 3A (Figure 2) to be installed.
Thus, various main valves 3 and 3A can be selectively
mounted when various of manifold bases 2 are connect-
ed together, as shown in Figure 2. Of course, when the
single solenoid main valve 3 is installed, only the first
pilot valve 4Ais installed on the pilot valve mounting sur-
face of the manifold base 2, whereas when the double
solenoid main valve 3A is installed, both the first and
second pilot valves 4A and 4B are installed thereon.
[0025] A one-touch pipe joint 17 is attached to the
supply and ejection ports P and R of the first side plate
12 and to the output ports 11A and 11B of the manifold
base 2. When a flexible pressure fluid supply tube (not
shown) is inserted into any port, the one-touch pipe joint
17 can engage the outer surface of the tube, and press-
ing a release bush enables the tube to be disengaged
and removed.

[0026] Reference numeral 18 designates a fixation
hole formed in the side plates 12 and 13, which is used
to mount the pilot solenoid valve 1 on the selected mem-
bers.

[0027] The single solenoid main valve 3, which is
shown in detail, in Figure 1, includes a valve body 20
and first and second piston boxes 21 and 22 located at
both axial ends of the valve body 20. The piston boxes
are connected to the valve body 20 with connecting
screws (not shown), and these members are connected
together using connecting screws (not shown) and
mounted on the main valve installation surface within
the top surface of the manifold base 2 via the gasket in
an airtight manner, using various of mounting screws 23
(see Figure 2).

[0028] The valve body 20 includes a valve hole 25 and
a pilot passage 26 that axially penetrate the body; and
a pressure fluid supply opening 27, first and second
openings 28A and 28B, and first and second ejection
openings 29A and 29B that are all open in the orthogo-
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nal direction to the valve hole 25. When the main valve
3 is mounted on the installation surface of the manifold
base 2, these openings communicate with the corre-
sponding channels and ports. The pilot passage 26 is
in communication with the supply opening 27.

[0029] A first piston 31 is inserted into a first piston
box 21 that is coaxial with the valve hole 25, a second
piston 32 having a smaller diameter than the first piston
(the pressure-receiving area is approximately half of the
first piston) is inserted into a second piston box 22, and
avalve body 33 is inserted into the valve hole 25 in such
a way that these pistons and valve body can axially
slide. A first pressure chamber 34 in which the first pis-
ton 31 slides is in communication with the first pilot out-
put passage 42a described below, and a second pres-
sure chamber 35 in which the first piston 32 slides is in
communication with the pilot passage 26.

[0030] When pilot fluid is output to the first pressure
chamber 34, the valve body 33 moves to right in the fig-
ure, and the supply opening 27 communicates with the
output opening 28A, while the output opening 28B com-
municates with the ejection opening 29B (see the upper
half of the valve body in Figure 1). When pilot fluid is
ejected from the first pressure chamber 34, the fluid that
has been supplied to the second pressure chamber 35
through the pilot passage 26 moves the valve body 33
to left in the figure, and the supply opening 27 commu-
nicates with the output opening 28B, while the output
opening 28A communicates with the ejection opening
29A (see the lower half of the valve body in Figure 1).
In this manner, the main valve 3 comprises five ports.
[0031] A manual operation button 36a capable of slid-
ing inserted into the first piston box 21 is normally moved
upward by the force of a coil spring 38, and allows the
first pilot output passage 42a to communicate with the
first pressure chamber 34. When the button is pressed
against the force of the coil spring 38, the first pressure
chamber 34 communicates with the pilot channel 26,
and a seal packing 39 blocks the communication be-
tween the first pressure chamber 34 and the first pilot
output passage 42a. Thus, when an accident such as a
service interruption prevents fluid from being output
from the pilot valve 4A to the first pressure chamber 34,
the manual operation button 36a can be pressed to sup-
ply pressure fluid from the pilot passage 26 to the first
pressure chamber 34, thereby driving the valve body 33
to make use of the difference in diameter between the
piston 31 and the piston 32.

[0032] The first pilot valve 4A includes a first pilot sup-
ply opening p1, a first pilot output opening a1, anda first
pilot ejection opening e1, and also has a first solenoid
s1fordriving the valve body of the pilot valve. If a second
pilot valve 4B is provided, it includes second pilot supply,
output, and ejection openings p2, a2, and e2, and a sec-
ond solenoid s2.

[0033] These pilot valves comprise a well-known di-
rect operated 3-port solenoid valve wherein a movable
iron core (not shown) is attracted when the solenoids s1
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and s2 are energized, thereby allowing the pilot supply
opening to communicate with the pilot output opening,
whereas the movable iron core is returned by the force
of a return spring (not shown) when the solenoids s1
and s2 are de energized, thereby allowing the pilot out-
put opening to communicate with the pilot ejection open-
ing.

[0034] The pilot supply openings p1 and p2 and the
pilot ejection openings e1 and e2 are in communication
with the pilot supply and ejection channels ps and pe,
respectively, through the pilot supply passages 40a and
40b and the pilot ejection passages 41a and 41b, re-
spectively, formed in the manifold base 2.

[0035] The first pilot output opening a1 is in commu-
nication with the first pressure chamber 34 through the
first pilot output channel 42a formed in the manifold base
2 and through the passage 43a formed in the valvebody
20 of the main body and the first piston box 21. On the
other hand, the second pilot output opening a2 opens
to the top surface of the manifold base 2 near the second
piston box 22 of the valve body 20 through the second
pilot output passage 42b. In the single solenoid main
valve 3, however, the communication between the sec-
ond pilot output passage 42b and the second pressure
chamber 35 is blocked in the second piston box 22.
[0036] The solenoids s1 and s2 each have a solenoid
cover 44, on which substrates 45a and 45b and protec-
tive covers 46a and 46b covering those substrates are
mounted. Coil terminals 47 and 47 protruding upward
from the solenoids s1 and s2; and feeding terminals 48
and 48 penetrating the solenoid cover 44 downward are
electrically connected to an electric circuit printed and
wired in the substrates 45a and 45b, and lamps 49a and
49a mounted on the substrates 45a and 45b and indi-
cating the energization of the solenoids s1 and s2; and
electronic parts 49 required to energize the solenoids
are also electrically connected to the electric circuit.
Windows 56 and 56 that allow the energization of the
solenoid valves s1 and s2 to be externally viewed are
provided at those positions on the waterproof cover 5,
which are opposed to the lamps 49a and 49a, and may
be formed of a thin wall if the waterproof cover 5 is
formed of a transparent or semi-transparent synthetic
resin. If the waterproof cover 5 is formed of metal, a
transparent material that allows the lamp 49a to be
viewed must be attached to the window 56 in an airtight
manner.

[0037] Sockets 51 to which the feeding terminals 48
and 48 of the first and second pilot valves 4A and 4B
are connected are loaded on the socket mounting sec-
tion 10a that opens to the pilot valve installation surface
within the top surface of the manifold base 2, and the
other end of a feeding terminal 52 connected to one end
of the terminal connected to the socket is electrically
connected to a pin in the multi-pole connector 16
through the wiring housing passage 10. The solenoid
cover 44 has a positioning section 44a that is externally
fitted to the socket 51 to allow the pilot valve to be po-
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sitioned on the manifold base 2.

[0038] When the pilot valves 4A and 4B are installed
on the manifold base 2 using the positioning section
44a, each pilot opening communicates with the corre-
sponding pilot channel formed in the manifold base 2,
and the feeding terminal 48 is inserted into the socket
51. Thus, the multi-connector 16 can feed the solenoids
s1 and s2 of the pilot valves 4A and 4B together. In ad-
dition, the pilot valves 4A and 4B are mounted on the
top surface of the manifold base 2 in an airtight manner
by using mounting screws 53 (see Figure 2). This pre-
vents the feeding line 52 from being exposed through
the wiring housing passage 10 formed in the manifold
base 2.

[0039] The waterproof cover 5 covers the pilot valves
4A and 4B and is mounted on the top surface of the man-
ifold base 2 via frame-like packing 57 in an air-tight man-
ner by using mounting screws 55. Thus, if the pilot so-
lenoid valve is used in an operation environment in
which liquid such as water may splash or where humidity
is high, the pilot valves 4A and 4B and the energization
system extending from the feeding line 52 to the pilot
valve are completely protected, thereby preventing ac-
cidents that could be caused by water. The waterproof
structure consists of only the waterproof cover 5 and is
very simple. Furthermore, since only the pilot valves and
the energization system which require a waterproof
function are protected from water, maintenance, inspec-
tion, and replacement of the other sections can be con-
ducted independently without disabling the waterproof
function. Furthermore, a common cover can be used for
a pilot solenoid valve with one or two pilot valves to allow
this part to be shared by the single and double solenoid
pilot valves. In addition, since the feeding line housing
passage to the pilot valves is formed in the manifold
base, the energization system can also be protected
from water.

[0040] Although the manifold base 2 includes a supply
channel 8 and ejection channels 9A and 9B, and pilot
supply and ejection channels ps and pe, that are sepa-
rate from the channels 8, 9A, and 9B, these pilot chan-
nels can be omitted and the pilot supply passages 40a
and 40b can communicate with the supply channel 8,
while the pilot ejection passages 41a and 41b can com-
municate with the ejection channel 9A or 9B.

[0041] In the pilot solenoid valves 1 having the above
configuration, when the main valves 3 and the pilot valve
4A (and the pilot valve 4B as required) are installed on
the manifold base 2, the openings of these valves com-
municate with the corresponding channels and ports,
and the solenoids s1 and s2 of the pilot valves are elec-
trically connected to pins in the multi-pole connector 16.
In addition, when the manifold base 2 includes a water-
proof cover 5, the electrical sections of the pilot valves
4A and 4B and the energization system are protected
from water from the external environment.

[0042] If the single solenoid pilot valve 1 is used and
the pilot valve 4B is not installed, the openings of the
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pilot channels 40b and 41b on the pilot valve installation
surface must be closed with an appropriate means such
as plugs (not shown) to prevent the flow of pilot fluid.
This is also true of the following embodiments.

[0043] Although a detailed description is omitted to
avoid redundancy, valve body 20 can include the double
pilot type main valve 3A (see Figure 2), having a second
piston box 21A (with the same configuration as a first
piston box 21) instead of a second piston box 22. In this
case, the second piston box 21A includes a second
pressure chamber 34A and a second piston 31A, both
of which have diameters identical to first pressure cham-
ber 34 and first piston 31. The second piston box 21A
has a manual operation button 36b similar to manual
operation button 36a, with the same effects.

[0044] In addition, this configuration requires mount-
ing pilot a second valve 4B. A second pilot output pas-
sage 42b communicates with a second pressure cham-
ber 35 through the same passage in a second piston
box 21A as passage 43a in a first piston box 21, thereby
providing pilot solenoid valve 1A with double pilot type
main valve 3A (see Figures 2 to 4).

[0045] Figure 5 shows a second embodiment of this
invention. In pilot solenoid valve 61, manifold base 62
has an installation surface for main valve 63 and a dif-
ferent installation surface for pilot valves 4A and 4B (as
in the first embodiment). Cover 5 covers all solenoid-
driven pilot valves 4A and 4B separate from main valve
61. Since in the first embodiment a pilot passage 64 is
added to the manifold base 2, the manifold base here
can be used with a main valve of a different structure.
[0046] Specifically, in the second embodiment, man-
ifold base 62 of solenoid valve 61 allows for the mount-
ing of an external pilot type main valve 63. Thus, an ex-
ternal pilot fluid flows through the pilot supply channel
ps from a side plate similar to the first side plate 12
shown in Figures 2 and 3. The side plate does not allow
the pilot supply channel ps to communicate with supply
port P.

[0047] Manifold base 62 has a configuration similar to
that of the first embodiment, but in addition includes ex-
ternal pilot channel 64, one end of which communicates
with pilot supply channel ps.

[0048] Main valve 63 includes valve body 65 and has
piston boxes 66 and 67 at either axial end, and the other
end of the external passage 64, one end of which com-
municates with the pilot supply channel ps, communi-
cates with the second pressure chamber 35 in which the
second piston 32 slides, through a passage 68 formed
in the valve body 65 and the second piston box 67, and
is also in communication with a pilot passage 69 formed
in the valve body 65, via the second pressure chamber
35. But communication between second pilot output
passage 42b and second pressure chamber 35 is
blocked in second piston box 67.

[0049] Since manifold base 62 of the pilot solenoid
valve 61 in the above configuration is identical to man-
ifold base 2 in the first embodiment, except for the ex-
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ternal pilot passage 64 (one end of which communicates
with the pilot supply channel ps), it can be made of the
same material as manifold base 2, permitting it to be
used interchangeably in piston boxes 66 and 67. This is
also true of pilot valve 4A and the water-proof cover 5
covering it. Therefore, this facilitates the specification
change from an internal pilot type to an external pilot
type, and reduces costs by sharing the parts.

[0050] Figure 5 shows the installation position of the
second pilot valve 4B using a chain line, but it need not
be mounted, since pilot solenoid valve 61 enables a pilot
fluid to be supplied continuously from pilot supply chan-
nel ps to second pressure chamber 35.

[0051] The other configuration of the above pilot so-
lenoid valve 61 is almost the same as that of the pilot
solenoid valve 1 in the first embodiment. Thus, a de-
tailed description is omitted. Main components have the
same reference numerals.

[0052] In solenoid valve 61, according to the second
embodiment, when the manual operation button 36a is
pressed, the pilot fluid in external pilot passage 64 flows
to first pressure chamber 34 in the first piston box 66
through passage 68 and pilot passage 69. The seal
packing 39 blocks communications between the first
pressure chamber 34 and the first pilot output passage
42a, thereby moving the valve body 33 to the right in the
figure, due to the difference in diameter between piston
31 in the first piston box 66 and piston 32 in the second
piston box 67, as shown in the upper half of valve body
33 in Figure 5. When manual operation button 36a is
released, the pilot fluid in the first pressure chamber 34
flows outside, forcing the external pilot fluid supplied to
second pressure chamber 35 to move valve body 33 left
in the figure (see the lower half of valve body 33 in Figure
5).

[0053] The other effects of the second embodiment
are almost the same as those of solenoid valve 1 in the
first embodiment, so a detailed description is omitted.
[0054] Figure 6 shows a third embodiment of this in-
vention. In pilot solenoid valve 71, the pilot passages in
a manifold base 72 collectively open to a first piston box
76 in a valve body 75. The manifold base to this embod-
iment differs from those in the first and second embod-
iments and requires a compatible main valve 73. Nev-
ertheless, since the basic configuration is the same as
in the first and second embodiments, the manifold bases
2,62, and 72 can be formed of the same material and
differentiated through slight modifications for the loca-
tions and number of pilot passages. In addition, when
manifold bases are joined as shown in Figures 2 and 3,
all types can be mixed as appropriate.

[0055] The third embodiment includes the manifold
base 72, the double pilot type main valve 73 and pilot
valves 4A and 4B, all mounted on the installation sur-
faces individually provided on base 72. The pilot valves
4A and 4B are covered with waterproof cover 5.
[0056] Main valve 73 includes a valve body 75 and
first and second piston boxes 76 and 77 at either end.
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Valvehole 25 and first and second pilot passages 78a
and 78b are axially formed in valve body 75. First piston
box 76 includes first piston 31, first pressure chamber
34 and first manual operation button 79a. Second piston
box 77 includes second piston 82 (with the same diam-
eter as first piston 31), second pressure chamber 83 and
second manual operation button 79b, which has the
same configuration as first manual operation button
79a.

[0057] For the sake of illustration, pilot channels 78a
and 78b in Figure 6 are arranged vertically above valve
hole 25, but these pilot channels may be formed in the
dead space diagonally above the valve hole 25, parallel
to a perpendicular to the plane of the figure.

[0058] Formed in manifold base 72, external pilot
channel 84 and first and second pilot output channels
42a and 42b all open to the first piston box in main valve
73. As in the first embodiment, pilot output channel 42a
communicates with the first pressure chamber 34, while
second pilot output channel 42b communicates with
second pilot channel 78b in valve body 75 through a
passage 80a, formed in first piston box 76. In addition,
external pilot passage 84 communicates with first pilot
passage 78a through a passage to insertion hole 85a of
first manual operation button 79a and the gap in the in-
sertion hole 85a. But when the first manual operation
button is not pressed, the seal packing 39 in the first
manual operation button 79a blocks communication
with first pressure chamber 34.

[0059] The other end of second pilot passage 78b,
which communicates with the second pilot output pas-
sage 42b, also communicates with second pressure
chamber 83 through a passage 87 formed in second pis-
ton box 77. The other end of first pilot passage 78a com-
municates with the gap in the insertion hole 85b of sec-
ond manual operation button 79b, but under the illus-
trated conditions, the seal packing 39 in second manual
operation button 79b blocks communication with sec-
ond pressure chamber 83.

[0060] The other configuration of the third embodi-
ment resembles the first embodiment, except for second
pilot valve 4B, so a detailed description is omitted. Main
components have the same reference numerals.
[0061] In the pilot solenoid valve, according to the
third embodiment, when pilot valve 4A is operated to
supply pilot fluid to first pressure chamber 34, valve
body 33 moves to the right of the figure, switching the
channel (see the upper half of the valve body in Figure
6). When operation of the first pilot valve 4A is stopped
to eject pilot fluid from the first pressure chamber 34,
and second pilot valve 4B is operated to supply pilot fluid
to second pressure chamber 83, valve body 33 moves
to the left of the figure (see the lower half of the valve
body in Figure 6).

[0062] If an accident occurs, such as a service inter-
ruption, while first manual operation button 79a is
pressed, external pilot passage 84 communicates with
first pressure chamber 34, and seal packing 39 blocks
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communication between first pressure chamber 34 and
the first pilot output passage 42a, causing the external
pilot fluid to flow into the first pressure chamber 34. This
in turn moves valve body 33 to the right of the figure.
When first manual operation button 79a is released and
second manual operation button 79b is pressed, pilot
fluid in first pressure chamber 34 flows outside. External
pilot passage 84 and the first pilot passage 78a then
communicate with second pressure chamber 83
through the gap in insertion hole 85 in second manual
operation button 79b, outputting pilot fluid to the second
pressure chamber 83 and moving valve body 33 to the
left of the figure. In this case, seal packing 39 blocks
communication between second pressure chamber 83
and passage 87.

[0063] Figure 7 illustrates a case in which single so-
lenoid pilot valve 91 is mounted instead of pilot solenoid
valve 71, according to the third embodiment.

[0064] Although second piston box 94 in a main valve
93 of pilot solenoid valve 91 has a second piston 95 and
a second pressure chamber 96 with smaller diameters
than first piston 31 and first pressure chamber 34, and
although valve body 75 is the same as in the third em-
bodiment, the first pilot passage 78a communicates with
second piston chamber 96 through passage 97, and the
end of the second pilot passage 78b close to the second
piston box 94 is closed by second piston box 94.
[0065] The other configuration of pilot solenoid valve
91 resembles the third embodiment except for second
pilot valve 4B. Pilot solenoid valve 91 has the same ef-
fects as pilot solenoid valve 1 in the third embodiment,
except for constant application of external pilot fluid
pressure to pressure chamber 96. Main components
have the same reference numerals, A description is
omitted.

[0066] Each of the embodiments described above
shows a case in which the main valve and two pilot
valves are positioned on the installation surface of the
manifold base in series. Figures 8 and 9 show a fourth
embodiment in which the two pilot valves are positioned
in parallel. A pilot solenoid valve 101 in Figure 8 includes
a single pilot type main valve 103 and pilot valve 4A,
whereas pilot solenoid valve 101A in Figure 9 includes
a double pilot type main valve 103A and pilot valves 4A
and 4B. In pilot solenoid valves 101 and 101A, pilot
valves 4A and 4B are placed on the installation surface
of manifold base 102 in the direction in which the man-
ifolds bases connect, as shown in Figure 9.

[0067] Main valve 103 shown in Figures 8 and 9 has
the same configuration as main valves 3 in the first em-
bodiment, but may be of the single pilot type described
in the other embodiments. The main valve 103A may be
configured as the double solenoid type described in any
of the above embodiments. Solenoid valves 101 and/or
101A can be joined, as shown in Figure 9. In this case,
if the main valve shown in Figure 6 or 7 is used, manifold
base 102 must include pilot passages compatible with
the main valve.
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[0068] In the pilot solenoid valve according to the
fourth embodiment, the pilot valves 4A and 4B are in-
stalled on the installation surface in parallel in the direc-
tion of the width of the main valve. Nevertheless, this
configuration permits increasing the diameters of valve
hole 25 and valve body 33 of the main valve and con-
sequently the flow through these valves. This configu-
ration reduces the longitudinal length of the manifold
base, despite somewhat wider width in the direction in
which the manifold bases join.

[0069] The other configuration and effects of the
fourth embodiment are the same as in either the first or
third embodiment. A description is omitted.

[0070] Figure 10 shows a fifth embodiment of this in-
vention. In this embodiment, manifold base 2 of pilot so-
lenoid valve 108 includes an installation surface for main
valve 3, and as in each of the above embodiments, a
different installation surface for pilot valves 110A and
110B. ltalso includes a waterproof cover 109 that covers
both pilot valves. Figure 10 shows the pilot valve 110B,
but this is only intended to show its installation position.
The main valve 3 shown in this figure does not require
pilot valve 110B.

[0071] The pilot valves 110A and 110B used in this
embodiment include a pilot manual operation button
111. This is a well -known operation button, pressed
when an accident prevents the main valve from being
operated by pilot valves 110A and 110B to move the iron
core in the pilot valve and to allow pilot supply openings
p1and p2 to communicate with pilot output openings a1
and a2. This action outputs pilot fluid to the pilot output
passage. When the operation button is released, it is
returned by a return spring to allow pilot output openings
a1 and a2 to communicate with pilot ejection openings
el and e2.

[0072] At the position corresponding to pilot manual
operation button 111, the waterproof cover 109 has a
manual operation section 112a or 112b that presses and
operates pilot manual operation button 111. Manual op-
eration section 112a or 112b is made up of a push button
that penetrates waterproof cover 109. On its outer cir-
cumference, a seal member 113 is mounted to form a
seal against the button insertion space in waterproof
cover 109. This prevents moisture from entering the wa-
terproof cover and enables the pilot manual operation
button to be operated without disabling the waterproof
function for the pilot valves, even when an accident pre-
vents the main valve from being operated by the pilot
valves.

[0073] According to the fifth embodiment, the main
valve and manifold base may be any of the main valves
and manifold bases shown in the first through fourth em-
bodiments. The other configuration and effects of the
fifth embodiment are the same as in the first embodi-
ment. The main components have the same reference
numerals, and a description is omitted.

[0074] Through the design of the pilot solenoid valve,
since the main and solenoid-driven pilot valves are in-
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stalled to be separate from each other and the pilot so-
lenoid valve includes a water-proof cover that covers the
pilot valves and the energization system, extending from
the feeding line to the pilot valve, only the pilot valves
and the energization system can be protected from wa-
ter with a simple waterproof cover. Since only the pilot
valves and the energization system are protected, main-
tenance, inspection, and replacement of other sections
can be done without disabling waterproofing for that
section. In addition, the common cover can be used for
a pilot solenoid valve with one or two pilot valves.
[0075] At the position corresponding to the pilot man-
ual operation button for the pilot valve, when the water-
proof cover has a manual operation section that presses
and operates the operation button, the operation button
can be operated without disabling the waterproofing for
the pilot valves.

Claims

1. Apilot solenoid valve (1; 61; 71; 91; 101; 108) com-
prising a manifold base (2; 62; 72; 102), a main
valve (3; 63; 73; 93; 103) for switching an output
opening between a supply opening (8) and an ejec-
tion opening (9A,9B), and a pilot valve (4A,4B;
110A,110B) driven by a solenoid (51,52) to drive the
valve body of the main valve (3; 63; 73; 93; 103),
the pilot solenoid valve (1; 61; 71; 91; 101; 108) ax-
ially driving the valve body of the main valve (3; 63;
73; 93; 103) using pilot fluid supplied or ejected
through the pilot valve (4A,4B; 110A,110B) in order
to switch the channel between the openings (8,9A,
9B), wherein the manifold base (2; 62; 72; 102) in-
cludes a feed line housing passage (10) through
which feed lines for feeding the pilot valve (4A,4B;
110A,110B) pass and characterised in that a wa-
terproof cover (5) is provided for protecting the pilot
valve (4A,4B) and the energization system but not
the main valve, said energization system extending
from the feed line to the pilot valve (4A,4B; 110A,
110B), and in that

the main valve (3; 63; 73; 93; 103) and the
pilot valve (4A,4B; 110A,110B) are independently
installed on the manifold base (2; 62; 72; 102), sep-
arate from each other and arranged in series rela-
tive to the axial direction of the valve body (20) of
the main valve (3; 63; 73; 93; 103).

2. A pilot solenoid valve (1; 61; 71; 91; 101; 108) as
claimed in Claim 1, wherein an installation surface
for two solenoid-driven pilot valves (4A,4B; 110A,
110B) which drive the valve body of the main valve
(3; 63; 73; 93; 103) in its axial direction either for-
ward or backward is provided on the manifold base
(2; 62; 72; 102), in the axial direction of the valve
body (20) of the main valve (3; 63; 73; 93; 103), and
on which the two pilot valves are installed in series
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relative to said axial direction.

A pilot solenoid valve (1; 61; 71; 91; 101; 108) as
claimed in Claim 1, wherein an installation surface
for two solenoid-driven pilot valves (4A,4B; 110A,
110B) which drive the valve body of the main valve
(3; 63; 73; 93; 103) in its axial direction either for-
ward or backward is provided on the manifold base
(2; 62; 72; 102), in the axial direction of the valve
body of the main valve (3; 63; 73; 93; 103), and on
which the two pilot valves are installed in parallel
relative to said axial direction.

A pilot solenoid valve (108) as claimed in any pre-
ceding claim, wherein the pilot valve (110A,110B)
has a manual operation button (111) that switches
communication between the channels to the pilot
valve (110A,110B) when pressed, and wherein a
manual press section (112a,112b) which, when ex-
ternally pressed, is capable of pressing and operat-
ing the pilot manual operation button (111), is pro-
vided at a position in the waterproof cover (5) cor-
responding to the location of the pilot manual oper-
ation button (111).

Patentanspriiche

1.

Vorgesteuertes Magnetventil (1, 61, 71, 91, 101,
108), das versehen ist mit einer Unterplatte (2, 62,
72,102), einem Hauptventil (3, 63, 73, 93, 103), das
zum Zuschalten einer Austrittsbohrung auf eine Zu-
laufbohrung (8) und eine Ablaufbohrung (9A, 9B)
bestimmt ist, und mit einem von einem Magnet (51,
52) betatigten und der Betatigung des Ventilkdrpers
des Hauptventils (3, 63, 73, 93, 103) dienenden
Vorsteuerventil (4A, 4B, 110A, 110B), wobei das
vorgesteuerte Magnetventil (1,61,71,91, 101, 108)
zum Zuschalten des Kanals auf die Bohrungen (8,
9A, 9B) den Ventilkérper des Hauptventils (3, 63,
73, 93, 103) mit Hilfe des Uber das Vorsteuerventil
(4A, 4B, 110A, 110B) zugefiihrten oder abgeleiteten
Vorsteuermediums in axialer Richtung betatigt, bei
dem in der Unterplatte (2, 62, 72, 102) ein Kanal
(10) fur elektrische Zuleitungen vorgesehen ist,
durch den die elektrischen Zuleitungen zur Spei-
sung des Vorsteuerventils (4A, 4B, 110A, 110B) ge-
fihrt sind, und das dadurch gekennzeichnet ist,
dass zum Schutz des Vorsteuerventils (4A, 4B) und
des Stromversorgungssystems, jedoch nicht des
Hauptventils, eine wasserdichte Abdeckung (5)
vorgesehen ist, wobei sich das Stromversorgungs-
system von der elektrischen Zuleitung bis zum Vor-
steuerventil (4A, 4B, 110A, 110B) erstreckt, und
dass

das Hauptventil (3, 63, 73, 93, 103) und das Vor-
steuerventil (4A, 4B, 110A, 110B) unabhéngig und
getrennt voneinander auf der Unterplatte (2, 62, 72,
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102) montiert und in Richtung der Achse des Ven-
tilkorpers (20) des Hauptventils (3, 63, 73, 93, 103)
in Reihe hintereinander angeordnet sind.

Vorgesteuertes Magnetventil (1, 61, 71, 91, 101,
108) nach Anspruch 1, bei dem an der Unterplatte
(2, 62, 72, 102) in Richtung der Achse des Ventil-
korpers (20) des Hauptventils (3, 63, 73, 93, 103)
fur zwei magnetbetatigte Vorsteuerventile (4A, 4B,
110A, 110B), die den Ventilkdrper des Hauptventils
(3, 63, 73, 93, 103) in Richtung seiner Achse vor-
warts oder rickwarts verstellen, eine Anbauflache
vorgesehen ist und an der die zwei Vorsteuerventile
in der genannten axialen Richtung in Reihe hinter-
einander montiert sind.

Vorgesteuertes Magnetventil (1, 61, 71, 91, 101,
108) nach Anspruch 1, bei dem an der Unterplatte
(2, 62, 72, 102) in Richtung der Achse des Ventil-
korpers des Hauptventils (3, 63, 73, 93, 103) fir
zwei magnetbetétigte Vorsteuerventile (4A, 4B,
110A, 110B), die den Ventilkdrper des Hauptventils
(3, 63, 73, 93, 103) in Richtung seiner Achse vor-
warts oder rickwarts verstellen, eine Anbauflache
vorgesehen ist und an der die zwei Vorsteuerventile
in der genannten axialen Richtung parallel zueinan-
der montiert sind.

Vorgesteuertes Magnetventil (108) nach einem der
vorstehenden Anspriiche, bei dem das Vorsteuer-
ventil (110A, 110B) mit einem Druckknopf (111) ver-
sehen ist, der, wird er gedrickt, die Verbindung zwi-
schen den Kanélen des Vorsteuerventils (110A,
110B) herstellt, und bei dem an einer Stelle in der
wasserdichten Abdeckung (5), die der Einbaustelle
des Vorsteuer-Druckknopfes (11) entspricht, ein
Segment (112a, 112b) zur manuellen Betatigung
vorhanden ist, mit dem, wenn von auRen darauf ge-
driickt wird, der Vorsteuer-Druckknopf (111) ge-
druckt und betétigt werden kann.

Revendications

Soupape a solénoide et pilote (1 ;61 ;71;91 ;101 ;
108) comprenant une base de collecteur (2 ; 62 ;
72; 102), une soupape principale (3; 63 ; 73; 93 ;
103) destinée a commuter une ouverture de sortie
entre une ouverture d'amenée (8) et une ouverture
d'éjection (9A, 9B), et une soupape pilote (4A, 4B ;
110A, 110B) entrainée par un solénoide (51, 52)
pour déplacer le corps de soupape de la soupape
principale (3 ; 63 ; 73 ; 93; 103), la soupape a so-
Iénoide et pilote (1;61;71;91; 101 ; 108) dépla-
cant axialement le corps de soupape de la soupape
principale (3 ; 63 ; 73 ; 93 ; 103) a l'aide d'un fluide
pilote amené ou éjecté a travers la soupape pilote
(4A, 4B ; 110A, 110B) afin de commuter le conduit
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entre les ouvertures (8, 9A, 9B), dans laquelle la
base de collecteur (2 ; 62 ; 72 ; 102) comprend un
passage (10) de logement de lignes d'alimentation,
a travers lequel passent les lignes d'alimentation
pour alimenter la soupape pilote (4A, 4B ; 110A,
110B), et caractérisée en ce qu'un capot étanche
al'eau (5) est prévu pour protéger la soupape pilote
(4A, 4B) et le systéme d'excitation mais non pas la
soupape principale, ledit systeme d'excitation
s'étendant de la ligne d'alimentation a la soupape
pilote (4A, 4B ; 110A, 110B), et en ce que la sou-
pape principale (3 ;63 ;73 ; 93 ; 103) et la soupape
pilote (4A, 4B ; 110A, 110B) sont montées indépen-
damment sur la base de collecteur (2; 62; 72;
102), séparées I'une de I'autre et arrangées en série
par référence a la direction axiale du corps de sou-
pape (20) de la soupape principale (3 ;63 ;73 ;93 ;
103).

Soupape a solénoide et pilote (1 ;61; 71 ;91 ;101 ;
108) selon la revendication 1, dans laquelle une
surface de montage pour deux soupapes pilotes
entrainées par solénoide (4A, 4B ; 110A, 110B), qui
déplacent le corps de soupape de la soupape prin-
cipale (3 ;63 ;73 ;93 ; 103) dans sa direction axia-
le, soit vers I'avant, soit vers l'arriére, est prévue sur
la base de collecteur (2 ; 62 ; 72 ; 102), dans la di-
rection axiale du corps de soupape (20) de la sou-
pape principale (3 ;63 ;73 ;93 ; 103), et sur laquel-
le les deux soupapes pilotes sont montées en série
par référence a ladite direction axiale.

Soupape a solénoide et pilote (1 ;61; 71 ;91 ;101 ;
108) selon la revendication 1, dans laquelle une
surface de montage pour deux soupapes pilotes
entrainées par solénoide (4A, 4B ; 110A, 110B), qui
déplacent le corps de soupape de la soupape prin-
cipale (3 ;63 ;73 ;93 ; 103) dans sa direction axia-
le, soit vers I'avant, soit vers l'arriére, est prévue sur
la base de collecteur (2 ;62 ; 72 ; 102), dans la di-
rection axiale du corps de soupape de la soupape
principale (3 ; 63 ; 73 ; 93 ; 103), et sur laquelle les
deux soupapes pilotes sont montées en paralléle
par référence a ladite direction axiale.

Soupape a solénoide et pilote (108) selon une quel-
conque des revendications précédentes, dans la-
quelle la soupape pilote (110A, 110B) posséde un
bouton de commande manuelle (111) qui commute
la communication entre les conduits menant a la
soupape pilote (110A, 110B) lorsqu'il est pressé, et
dans laquelle une section de pression manuelle
(112a, 112b) qui, lorsqu'elle est pressée de I'exté-
rieur, est capable de presser et de manoeuvrer le
bouton de commande manuelle (111) de la soupape
pilote, est prévue dans une position dans le capot
étanche a I'eau (5) qui correspond a I'emplacement
du bouton de commande manuelle (111) de la sou-
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