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(57) ABSTRACT 

In a main valve having a solenoid pilot operated valve a 
movable core and a holloW plunger are movably received in 
a sleeve extending from a pressure control chamber through 
an electromagnetic coil. Said plunger is structurally sepa 
rated from a main valve member. A shaft is slidably received 
in said plunger. One end of said shaft carries a pilot valve 
member. A spring engages at said plunger and said shaft 
such that the free end of said shaft projects a predetermined 
length beyond an end face of the plunger. As long as said coil 
is de-energised, said spring separates said pilot valve mem 
ber from a pilot valve seat. As soon as said coil is energised 
the plunger is attracted to the core, the shaft is displaced in 
relation to said plunger, and the pilot valve member pro 
jecting from the loWer end of said plunger closes said pilot 
valve seat. Due to a then developing pressure difference said 
main valve is closed and kept in a closed state. 
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SOLENOID OPERATED PILOT VALVE 

DESCRIPTION 

[0001] The present invention relates to a solenoid-oper 
ated pilot valve for controlling a main valve betWeen open 
and closed states, and more particularly to a normally open 
type solenoid-operated pilot valve comprising a pilot hole 
formed in a main valve member Which pilot hole is opened 
and closed by a pilot valve element magnetically coupled to 
a solenoid to control said main valve by pilot operation 
betWeen open and closed states. 

[0002] There are tWo types of main valves having a 
solenoid-operated pilot valve (normally open type or nor 
mally closed type). With the solenoid de-energised in the 
?rst type the main valve is open, in the second case the main 
valve is closed. A normally open type valve is disclosed in 
applicants oWn unexamined Japanese patent publication 
(KOKAI) 11-230398 (?led Feb. 20, 1998, published Aug. 
27, 1999). In said valve (FIG. 7) an annular valve element 
facing the valve seat is secured to a main valve holding 
cylinder de?ning a main valve member. An iron core is 
coupled integrally to said main valve holding cylinder and is 
axially movably received in a sleeve for common move 
ments With said main valve member, Along an axis of said 
?xed iron core said pilot hole is formed With an end opening 
located in said sleeve. Said pilot hole communicates With the 
interior of the pressure control chamber. The other end of 
said pilot hole is open to said loW-pressure side ?uid 
passage. At a location behind said ?xed iron core at the 
opposite side of said main valve member a movable iron 
core is axially movably arranged in said sleeve. Apilot valve 
member is attached to an end face of said movable iron core 
such that said pilot valve element faces the opening of said 
pilot hole in said ?xed iron core. Both iron cores are in 
mutual engagement by means of a coil spring. The freely 
expanded length of said coil spring keeps a predetermined 
distance betWeen both iron cores Without electromagnetic 
force acting upon the movable iron core. In the de-energised 
state high-pressure ?uid reaches said pressure control cham 
ber through a leak hole formed in said main valve holding 
cylinder. The ?uid further passes to said loW-pressure side 
?uid passage through a gap betWeen the loWer iron core and 
the sleeve and ?nally through said pilot hole. Since With said 
pilot valve open the ?uid cannot build up considerable 
pressure said main valve member is pushed upWardly by the 
primary pressure of the introduced ?uid and thus opens. In 
the energised state the movable iron core is attracted to the 
?xed iron core such that the pilot valve member closes the 
pilot hole. 

[0003] The pressure in the pressure control chamber rises 
due to ?uid leaking in from the high-pressure side ?uid 
passage through the leak hole. A pressure difference is built 
up betWeen said pressure control chamber and the loW 
pressure side ?uid passage moving said main valve holding 
cylinder toWards said valve seat. Said main valve element is 
pressed against the valve seat and remains stationary in the 
closed state of the main valve. If in this close state the coil 
is de-energised, the movable iron core inside said sleeve is 
pushed back under the urging force of the coil spring until 
both iron cores are separated by said predetermined distance. 
The pilot valve is opened and the pilot hole communicates 
With the loW-pressure side ?uid passage. The pressure in the 
pressure control chamber decreases While the pressure of the 
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high-pressure side ?uid passage acts upon the main valve 
holding cylinder. A pressure difference is built betWeen the 
high-pressure side ?uid passage and the pressure control 
chamber. Due to said pressure difference the main valve 
holding cylinder moves in a direction such that the main 
valve element is moved aWay from said valve seat and opens 
said main valve. If the main valve suddenly opens While 
simultaneously high pressure ?uid is introduced to the 
high-pressure side ?uid passage said main valve element is 
deformed by the pressure introduced into a gap betWeen the 
main valve member and the valve element Said valve 
element even may come off said main valve member. To 
prevent this a pressure relief hole is formed through said 
main valve member such that pressure introduced into said 
gap betWeen said main valve member and said valve ele 
ment can escape avoiding undesirable deformation of said 
valve element and tearing off said valve element from said 
main valve member. 

[0004] Since said main valve holding cylinder and said 
?xed iron core are integrally coupled to each other and are 
designed to simultaneously slide Within a cylindrical hole of 
the housing and said sleeve, respectively, there is a danger 
that the main valve holding cylinder and the ?xed iron core 
get out of mutual alignment. This leads to the problem that 
the valve in operation cannot perform smoothly. If the ?xed 
iron core received in said sleeve is inclined or gets out of 
alignment With the sleeve, a front surface of the ?xed iron 
core facing the pilot valve element coupled to the movable 
iron core fails to come into close and correct contact With the 
pilot valve element uniformly and over the entire circum 
ference When the pilot valve to be closed. This causes an 
internal leak. Fluid passing from said high-pressure side 
?uid passage via said leak hole, said pressure control cham 
ber and said pilot hole in the ?xed iron core reaches the 
loW-pressure side ?uid passage through the gap provided the 
?xed iron core and the sleeve, i.e. along the sliding portion 
of the ?xed iron core. Foreign matter contained in the ?uid 
enters the gap and causes a problem, because then the 
movable iron core does not slide properly. In order to 
prevent the valve element from coming off the main valve 
member in case of a sWitchover of high-pressure ?uid said 
main valve member needs to be drilled to form a pressure 
relief hole. Said disadvantages lead to a deterioration in 
operation performance due to a misalignment of the pilot 
valve element and a deterioration in sliding performance due 
to foreign matter. Drilling a pressure relief hole is an 
additional costly manufacturing step. 

[0005] It is a task of the invention to provide a valve as 
disclosed above Which is fail-safe in vieW to misalignments 
of the pilot valve and in the sliding performance due to 
foreign matter contained in the ?uid and Which does not 
need drilling a pressure relief hole for the operational safety 
of the valve element 

[0006] Said task is achieved by the features of claim 1 and 
independent claim 4, respectively. 

[0007] In the valve designed according to the invention the 
plunger contacts the main valve member When the coil is 
de-energised While a position of the shaft is maintained in 
Which the pilot valve element is separated from the pilot 
valve seat such that said pilot valve cannot be closed 
inadvertently. If ?uid is entering from the high-pressure side 
?uid passage said ?uid does not act upon the main valve 
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member in closing direction of the main valve since the 
pressure control chamber is open to the loW-pressure side 
?uid passage via said open pilot valve. The ?uid instead acts 
upon main valve member in opening direction so that the 
main valve opens. As soon as the coil is energised the 
plunger is attracted to the movable core. By displacement of 
said shaft relative to said plunger said pilot valve element 
protrudes from the plunger and safely closes said pilot valve. 
The pressure in the pressure control chamber rises due to 
?uid leaking through from the high-pressure side ?uid 
passage. Apressure difference is built up With the result that 
the main valve is moved toWards the valve seat and is closed 
and kept in its closed state. 

[0008] According to the invention said plunger is struc 
turally separated from said main valve member. Said sepa 
ration prevents a deterioration in operation performance in 
case of a misalignment betWeen the plunger and said main 
valve member. Fluid ?oWing into the pilot hole from said 
pressure control chamber does not ?oW along the sliding 
portion of the plunger, but instead directly into the plunger 
and toWards the pilot valve seat. This guarantees a perfect 
sliding performance of the plunger, since no foreign matter 
can deteriorate the sliding performance of the plunger. 

[0009] According to a further aspect of the invention the 
main valve member has the pilot valve seat and said valve 
element attached separately from one another. Said valve 
element is trapped by caulking at its outer periphery and 
inside the recess of said main valve member. Agap is de?ned 
at the inner peripheral portion of said valve element and 
serves as a pressure relief passage. For that reason it is not 
necessary to form an additional pressure relief hole in said 
main valve member. 

[0010] Further eXpedient embodiments are contained in 
the depending claims. 

[0011] An embodiment of the present invention is 
described With the help of the draWings. In the draWings is: 

[0012] FIG. 1 a longitudinal sectional vieW of a normally 
open type main valve With a solenoid-operated pilot valve, 
in a de-energised state and Without a pressure difference 
acting, 
[0013] FIG. 2 a longitudinal sectional vieW of said valve 
illustrating a de-energised state With a pressure difference 
acting, 
[0014] FIG. 3 a longitudinal sectional vieW of said valve 
in the moment Where the solenoid-operated pilot valve has 
been energised With a pressure difference acting, and 

[0015] FIG. 4 a longitudinal sectional vieW of said valve 
With the main valve closed and the solenoid-operated pilot 
valve energised. 

[0016] FIGS. 1 to 4 illustrate a main valve With an 
integrated, solenoid-operated pilot valve both having a com 
mon housing 1 With a high-pressure side ?uid passage 2 and 
a loW-pressure side ?uid passage 3 communicating via a 
main valve seat 4 provided at the bottom of a cylindrical 
hole 3a formed in said housing 1 from an upper side of said 
housing 1 such that said cylindrical hole 3a has a Widened 
assembling opening 30. Said valve seat 4 is formed as of a 
short cylinder. 

[0017] Cylindrical hole 3a slidably receives a main valve 
member 5 the loWer side of Which faces toWards valve seat 
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4. Main valve member 5 is movable in aXial direction Within 
cylindrical hole 3a. Into an annular groove formed in the 
front face of main valve member 5 a ring-shaped valve 
element 6 is ?tted. Valve element 6 is trapped Within said 
annular groove by caulking the outer periphery of said 
annular groove over the loWer side of said ring-shaped valve 
element 6. Valve element 6 is designed With a dimension 
such that there is a clearance at its inner peripheral portion 
Within the said annular groove as soon as said valve element 
is properly ?tted in said annular groove. Said clearance 
serves as a pressure relief passage for avoiding undue 
deformation of ring-shaped valve element 6 and avoiding 
that said valve element 6 can be pressed out of said annular 
groove. 

[0018] Along an aXis of main valve member 5 a pilot hole 
7 is formed. At the upper end of pilot hole 7 a pilot valve seat 
9 is provided. In the embodiment shoWn, pilot valve seat 9 
is de?ned by a disk having a centre bore. Said disk is 
inserted into an upWardly open recess at the upper surface of 
main valve member 5 and is secured there eg by caulking. 
On top of said disk Washer 8 of a larger outer diameter than 
the diameter of said disk is provided, having a central 
opening larger than the central bore of said disk 9. A 
ring-shaped edge region of said recess is caulked inWardly 
and secures said Washer 8 on top of said disk. Said Washer 
8 has a certain thickness. In a circumferential groove cut into 
the outer surface of main valve member 5 a piston ring 10 
is ?tted. Piston ring 10 is made With slits formed at suitable 
circumferential intervals. Said piston ring 10 With its slits 
de?nes a leakage path betWeen high-pressure side ?uid 
passage 2 and a pressure control chamber 14 located above 
main valve member 5 in cylindrical bore 3a. Fluid from 
high-pressure side ?uid passage 2 may ?oW through the slits 
into pressure control chamber 14. Main valve member 5 has 
the form of a pot With a central recessed space in the region 
of pilot valve seat 9 Which space is part of pressure control 
chamber 14. 

[0019] Pressure control chamber 14 and cylindrical bore 
3a both are closed by a cap seated in said Widened assem 
bling opening 30 of cylindrical bore 3a and sealed by an 
O-ring 13. A central inner portion of cap 12 facing main 
valve member 5 de?nes part of said pressure control cham 
ber 14. 

[0020] Along the aXis of cap 12 a sleeve 16 is ?tted into 
cap 12. Sleeve 16 extends upWardly through a coil 15 
provided in a solenoid housing secured to the upper side of 
housing 1. In the embodiment shoWn, sleeve 16 extends 
beyond said solenoid housing. In sleeve 16 a plunger 17 is 
received such that it can move in aXial direction of the 
sleeve. Plunger 17 is holloW and receives a shaft 18 extend 
ing e.g. along the aXis of plunger 17. Apilot valve member 
19 in the form of a ball is provided at a loWer end portion 
29 of shaft 18. Said ball e.g. is attached to shaft 18 by 
caulking. BetWeen portion 29 of shaft 18 and plunger 17 a 
cavity 24 is provided in plunger 17 Which opens toWards 
main valve member. A spring 20 is received Within said 
cavity 24. Spring 20 is interposed betWeen a ring 26 engag 
ing a reduced diameter shoulder 25 of shaft 18 and a ring 26 
?Xed to the loWer end of plunger 17 in cavity 24. An upper 
end of cavity of 24 de?nes a shoulder-like abutment for ring 
26. Spring 20 is a compression spring pushing shaft 18 
upWardly in order to lift pilot valve member 19 from pilot 
valve seat 9 such that an end face 28 of shaft 18 facing 
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upwardly projects beyond a corresponding end face of 
plunger 17 by a predetermined length. Further upwards in 
sleeve 16 a movable iron core 22 is provided Which is apt to 
move axially. Lateral communication holes 21 are formed in 
the loWer portion of plunger 17 establishing a communica 
tion betWeen pressure control chamber 14 and cavity 24. 

[0021] Movable core 22 received in the upper end portion 
of sleeve 16 permanently is urged by a spring 23 in a 
direction toWards main valve member 5. Spring 23 is a 
compression spring seated on an upper closure lid of sleeve 
16. Core 22, plunger 17 and shaft 18 are arranged in sleeve 
16 in alignment With main valve member 5 and can be 
moved in aXial direction by electromagnetic force generated 
from coil 15 surrounding sleeve 16, and/or ?uid pressure 
related forces acting axially upon main valve member 5 to 
open and close the main valve, and/or the resultant force of 
springs 20 and 23. The spring force of spring 20 is greater 
than the spring force of spring 23. 

[0022] The outer diameter of main valve member 5, ie 
the inner diameter of cylindrical bore 3a, is larger than the 
diameter of main valve seat 4 such that the total pressure 
receiving area of main valve member 5 is greater than the 
internal pressure receiving area of valve seat 4. As long as 
the pressure in pressure control chamber 14 is equal to the 
pressure in loW-pressure side ?uid passage 3, the pressure in 
high-pressure side ?uid passage 2 is acting to move main 
valve member 5 aWay from valve seat 4. 

[0023] Fluid from high-pressure side ?uid passage 2 can 
?oW into loW-pressure side ?uid passage 3 along a ?uid 
passage for the pilot valve de?ned by piston ring 10, 
pressure control chamber 14, communication holes 21, pilot 
valve seat 9 and pilot hole 7. As long as there is no pressure 
difference betWeen high-pressure side ?uid passage 2 and 
loW-pressure side ?uid passage 3 main valve member 5 
remains in the closed position as shoWn in FIG. 1, due to the 
spring force of spring 23 Without coil 15 being energised. As 
soon as ?uid is introduced in the high-pressure side ?uid 
passage 2 and a pressure difference is built up, main valve 
member 5 is moved aWay from valve seat 4 and main valve 
opens due to the pressure in the high-pressure side ?uid 
passage 2, With coil being not energised and as shoWn in 
FIG. 2. Pilot valve member 19 remains separated from pilot 
valve seat 9 due to the action of spring 20. As long as said 
pilot valve remains open the pressures in pressure control 
chamber 14 and loW-pressure side ?uid passage 3 are 
essentially equal. As soon as main valve member 5 moves 
aWay from valve seat 4, plunger 17 abutting Washer 8 is 
pushed upWardly. Since spring 20 is stronger than spring 23, 
shaft 18 Will move core 22 upWardly compressing spring 23. 
The upper distal end 28 of shaft 18 Will remain projecting 
from upper end face of plunger 17 as shoWn in FIG. 2. As 
a consequence, said pilot valve Will remain in its fully open 
state and the upper end 28 of shaft 18 Will protrude beyond 
plunger 17 by a certain length limited by the engagement 
betWeen ring 26 and said abutment at the upper end of cavity 
24. 

[0024] As soon as coil 15 is energised (FIG. 3) plunger 17 
instantly is attracted to core 22. The magnetic force over 
comes the spring force of spring 20. LoWer portion 29 of 
shaft 18 With pilot valve member 19 is displaced doWn 
Wardly in relation to plunger 17. Core 22, plunger 17 and 
shaft 18 are displaced doWnWardly by spring 23 toWards 
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main valve member 5. Pilot valve member 19 projects 
beyond the loWer end surface of plunger 17 by a length 
greater than the thickness of Washer 8 such that pilot valve 
member 19 closes pilot valve seat 9. 

[0025] NoW the ?uid communication betWeen pressure 
control chamber 14 and loW-pressure side ?uid passage 3 is 
blocked. Fluid, still leaking through piston ring 10 from 
high-pressure side ?uid passage 2 into pressure control 
chamber 14 is trapped therein. Prior to a pressure balance 
betWeen high-pressure side ?uid passage 2 and pressure 
control chamber 14 and due to the spring force of spring 23 
main valve member 5 starts to move toWards valve seat 4 
(betWeen the positions shoWn in FIG. 3 and FIG. 4), 
together With movable core 22, plunger 17 lifted from 
Washer 8 and shaft 18 maintaining said pilot valve in its 
closed state. 

[0026] Valve element 6 ?nally contacts valve seat 4 and 
closes said main valve. Said pilot valve remains in its closed 
state under the force of spring 23. The pressure difference 
betWeen high-pressure side ?uid passage 2 and loW-pressure 
side ?uid passage 3 increases and additionally holds said 
main valve closed. 

[0027] Since plunger 17 is structurally separated from 
main valve member 5, any misalignment betWeen plunger 
17 and main valve member 5 does not deteriorate the 
operation performance. The pilot valve being a ball valve 
With the ball seated on the pilot valve seat 9 Will be kept in 
close contact With said pilot valve seat 9 even if the plunger 
17 gets out of alignment. Said pilot valve, When closed, seals 
With enhanced quality preventing internal leakage through 
the pilot valve and inadvertent opening of the main valve. 
The structural separation of the components improves the 
assembling efficiency of the entire valve. 
[0028] Fluid ?oWing from high-pressure side ?uid passage 
2 and further through open pilot valve does not pass along 
the siding portion of plunger 17 in sleeve 16. Foreign matter 
contained in the ?uid cannot jeopardise the sliding perfor 
mance of the plunger 17 in sleeve 16 and also not the sliding 
performance of shaft 18 in plunger 17. The pilot hole 7 
formed in main valve member 5 can be made short, as shoWn 
in the draWings. A short pilot hole does not have a capillary 
effect. This serves to reduce the pressure loss through pilot 
hole and to improve the operation ef?ciency (insensitivity to 
temperature depending on ?uid viscosity variations, e.g.). 
This also alloWs to employ a coil of reduced siZe and loW 
poWer consumption. 
[0029] Spring 20, reliably keeping the pilot valve open in 
the de-energised state is provided outside of the region 
Where the plunger 17 is co-acting With core 22. To the 
contrary, said spring 20 is housed in cavity 24 of plunger 17 
at a location separated from the magnetic path. This alloWs 
to achieve a large magnetic path for attracting the plunger 
and the core 22 in turn alloWing to use a small siZe core 22 
and to actuate it With reduced poWer consumption. 

[0030] Valve element 6 is securely attached to main valve 
member 5 in a manner such that at the inner peripheral 
portion of valve element 6 a clearance is de?ned. Valve 
element 6 is positively secured to main valve member eg by 
caulking in the region of its outer periphery. Said clearance 
serves as a pressure relief passage, as soon as valve element 

6 is subjected to pressure. It is not necessary to provide a 
separate pressure relief hole in main valve member 5. This 
alloWs to reduce the manufacturing costs of the valve. 
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[0031] In any state of the valve the axial displacement 
stroke of shaft 18 betWeen movable core 22 and pilot valve 
seat 9 is somewhat longer than the possible axial displace 
ment stroke of plunger 17 betWeen said core 22 and said 
Washer 8. Said relationship leads to an improved operational 
behaviour When controlling the pilot valve. 

1. A solenoid pilot operated valve, comprising a housing 
in Which a valve seat is formed in a cylindrical housing bore, 
said valve seat de?ning a communication passage betWeen 
a high-pressure side ?uid passage and a loW-pressure side 
?uid passage, a main valve member movably arranged in 
said cylindrical bore facing said valve seat from the side of 
said high-pressure side ?uid passage, said high-pressure side 
?uid passage communicating With said loW-pressure side 
?uid passage via a pressure control chamber provided at the 
rear side of said main valve member opposite to said valve 
seat, and a pilot hole formed in said main valve member, said 
pilot hole terminating at the side of said pressure control 
chamber at a pilot valve seat, and a pilot valve element at the 
side of said pressure control chamber operated by magnetic 
force produced by a coil to control pilot operation open and 
closed states of said main valve member, 

Wherein a sleeve is arranged coaxially With said main 
valve member and extends from said pressure control 
chamber through said coil, 

said sleeve receives an axially moveable core, 

a plunger is arranged betWeen said core and said main 
valve member, an axial part of Which is axially mov 
ably received in said sleeve, 

a portion of said plunger at the side of said main valve 
member de?nes a cavity receiving said pilot valve 
element and 

communicating With said pressure control chamber 
through at least one communication hole, said cavity 
being open toWards said pilot valve seat and said pilot 
hole formed in said main valve member, 

said plunger is separated from said main valve member 
such that it is apt to move toWards said core by 
attraction When said coil is energised, 

a longitudinal shaft is moveably received in said plunger 
and extends through said plunger along its axis, a 
portion of said shaft facing toWards said main valve 
member and having said pilot valve element is arranged 
so as to face said pilot valve seat attached to said main 
valve member, and 

a spring is arranged in said cavity of said plunger axially 
urging said shaft such that in a de-energised condition 
of said coil said pilot valve element is separated from 
said pilot valve seat and an end face of said shaft at the 
side of said core projects by a predetermined length 
beyond the adjacent end face of said plunger. 

2. The solenoid pilot operated valve as in claim 1, Wherein 
said pilot valve comprises a ball pilot valve element. 

3. The solenoid pilot operated valve as in claim 1, Wherein 
valve element is attached to said main valve member such 
that said valve element is caulked at an outer periphery 
thereof into a surface of said main valve member facing said 
valve seat, said surface being located opposite to a surface 
to Which said pilot valve seat is attached. 
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4. A solenoid pilot operated valve comprising a housing 
and a cylindrical housing bore including a valve seat at a 
communication passage betWeen a high-pressure ?uid pas 
sage and a loW-pressure ?uid passage, a main valve member 
moveably arranged in said cylindrical bore facing said valve 
seat from the side of said high-pressure ?uid passage, a 
pressure control chamber provided at the side of said main 
valve member opposite to said valve seat, said pressure 
control chamber communicating With said high-pressure 
?uid passage via a leakage path and With said loW-pressure 
?uid passage via a pilot hole formed in said main valve 
member, said pilot hole terminating at the side of said 
pressure control chamber at a pilot valve seat a pilot valve 
element at the side of said pressure control chamber oper 
ated to open and close said pilot valve seat by magnetic force 
produced in a moveable core by a coil to control by pilot 
operation open and closed states of said main valve element, 
Wherein said pilot valve element actuable by said moveable 
core is arranged at a free end of a moveable shaft axially 
moveable in alignment With said pilot valve seat Within a 
holloW plunger, said plunger being structurally separated 
from said main valve and being axially moveable received 
in a sleeve extending from said pressure control chamber 
through said coil, said plunger being loaded by a spring in 
axial direction toWards said main valve member Which 
spring simultaneously is loading said shaft in opening direc 
tion of said pilot valve. 

5. The solenoid pilot operated valve as in claim 4, Wherein 
said shaft carrying said pilot valve element is apt to carry out 
a shorter axial moving stroke betWeen said moveable core 
and said pilot valve seat than an axial moving stroke Which 
said plunger is apt to carry out betWeen said moveable core 
and said main valve member. 

6. The solenoid pilot operated valve as in claim 4, Wherein 
said moveable core is loaded in an axial direction toWards 
said plunger by a further spring the spring force of Which is 
Weaker than the spring force of said spring. 

7. The solenoid pilot operated valve as in claim 4, Wherein 
inside said cavity of said plunger said shaft is formed With 
an axial shoulder forming a ?rst spring catch for one end of 
spring, said plunger being formed With a shoulder inside said 
cavity forming a second spring catch for another end of said 
spring, and an upper end Wall of said cavity forming a 
second abutment for said one spring end. 

8. The solenoid pilot operated valve as in claim 7, Wherein 
a spring retainer ring is secured at said shoulder of said shaft. 

9. The solenoid pilot operated valve as in claim 7, Wherein 
said shoulder is formed by a ring inserted into a loWer end 
portion of said plunger. 

10. The solenoid pilot operated valve as in claim 4, 
Wherein said pilot valve seat is de?ned by a ring body 
secured and centred by a caulked portion of said main valve 
member. 

11. The solenoid pilot operated valve as in claim 4, 
Wherein said leakage path is de?ned by a circumferentially 
slotted piston ring received in a circumferential groove of 
said main valve member. 

12. The solenoid pilot operated valve as in claim 4, 
Wherein said sleeve has a loWer end portion secured in a cap 
closing a Widened upper assembling opening of said axial 
bore, said cap simultaneously de?ning an end Wall of said 
pressure control chamber. 

* * * * * 


