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PRESSURE REGULATION VALVE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the 
benefit of priority of Japanese Patent Application No. 2000 
93966 filed on Mar. 30, 2000, the content of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a pressure regula 
tion valve whose output preSSure variable characteristics that 
is changed over between preSSure proportional to pilot 
preSSure and pressure equal to Supply pressure. 
0004 2. Description of Related Art 
0005 Conventionally, as shown in FIG. 7, is known a 
hydraulic circuit System having a pressure regulation valve 
107 for adjusting output preSSure to be applied to a hydraulic 
circuit 101 into control pressure proportional to pilot pres 
sure. The hydraulic circuit 101 communicates with a hydrau 
lic servo 100 for driving a hydraulic engagement member 
constituting a hydraulic multiple disk clutch (hereinafter 
called clutch) which serves to engage components with each 
other in a planetary gear device arranged between an input 
and output axes of a vehicle automatic transmission. 
0006 The hydraulic circuit system is provided with a 
pilot pressure control valve 104 driven by a solenoid valve 
103, a shift valve whose valve position is shifted upon 
receiving modulator preSSure output from a modulator valve 
105, and a pressure regulation valve 107 for adjusting output 
pressure. The Solenoid valve 103 is composed of a solenoid 
coil 131, a coil bobbin 132, a stator core 133, a moving core 
134, a solenoid shaft 135, a yoke 136, a plate spring 137 and 
a cover 138. 

0007. The pilot pressure control valve 104 has a spool 
141 that is slidably housed in a valve body 110 and moves 
to communicate a pilot preSSure conduit 111 either with a 
conduit 112, to which modulator pressure from the modu 
lator 105 is applied, or with a conduit 113, which commu 
nicates with a drain 109. One end of the spool 141 receives 
force from the Solenoid valve 103 upon its operation and the 
other end of the Spool 141 is urged in an opposite direction 
to which force from the Solenoid valve 103 is applied by 
biasing force of a spring 143 whose one end is held by the 
other end of the spool 141 and whose another end is held by 
a plug 142. 
0008. The shift valve 106 has a spool 161 that is slidably 
housed in the valve body 110 and serves to change the output 
pressure to be applied to the pressure regulation valve 107. 
The Spool 161 is urged in a direction opposite to receiving 
pilot preSSure to be input into a pilot pressure feedback 
chamber 164 by biasing force of a spring 163 whose one end 
is held by a stopper 162 and whose another end is held by 
the spool 161. A conduit 165 is a drain port communicating 
with the drain 109. The other end of the spool 161 receives 
the modulator preSSure through the conduit 112. 
0009. The pressure regulation valve 107 has a spool 171 
that is slidably housed in the valve body and moves so that 
the hydraulic circuit 101 communicates with a conduit 114 
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for a pressure Supply source 102 or with a conduit 115 for 
the drain 109. The spool 171 is urged in an opposite 
direction to which the pilot pressure is applied by biasing 
force of a spring 173 whose one end is held by the spool 171 
and whose another end is held by the valve body 110. 
Conduits 174 and 175 are drain ports communicating with 
the drain 109. The other end of the spool 171 receives the 
output pressure from the shift valve 106. 
0010. In the conventional hydraulic circuit system men 
tioned above, the pressure regulation valve 107 adjusts the 
output pressure (pressure to the clutch) either to pressure 
proportional to the pilot pressure at a time of clutch engage 
ment control during which it is required to accurately control 
pressure to be applied to the servo 100 for driving the clutch 
or to higher pressure with which the clutch never slides even 
if higher torque is applied thereto at a time after the clutch 
engagement control. 
0011. In more details, according to increase of the pilot 
preSSure input to the pilot pressure feedback chamber 164, 
the spool 161 of the shift valve 106 moves toward a left side 
in FIG. 7 so that the drain port 165 is opened and the output 
pressure of the shift valve 106, which the other end of the 
spool 171 of the pressure regulation valve 107 receives, 
becomes Zero. Accordingly, the Spool 171 moves rapidly up 
to a left end in FIG. 7 so that pressure equal to higher 
preSSure from the preSSure Supply Source 102 is applied to 
the hydraulic circuit 101. 
0012 Since the conventional hydraulic circuit system has 
the pilot pressure control valve 104 and the shift valve 106 
in addition to the pressure regulation valve 107, an entire 
body thereof becomes larger. 
0013 Further, there is another conventional system hav 
ing a pressure regulation valve whose pressure amplitude 
ratio is remarkably high So that higher pressure is Secured at 
a time after the clutch engagement control. However, in this 
System, it is very difficult to accurately and precisely control 
the pressure to the clutch, which results in adversely affect 
ing on driving feeling at a time of transmission Stage change. 

SUMMARY OF THE INVENTION 

0014) An object of the invention is to provide a compact 
preSSure regulation valve for a hydraulic circuit in which an 
output pressure is accurately regulated to preSSure propor 
tional to pilot pressure at a relatively low preSSure region 
where linear pressure control is required and to preSSure 
directly Supplied from a pressure Supply Source at a rela 
tively high pressure region where maximum preSSure is 
required. 

0015 To achieve the above object, a pressure regulation 
Valve for a hydraulic circuit is composed of a housing having 
an input port to communicate with a Supply preSSure Source, 
an output port to communicate with the hydraulic circuit and 
at least a drain port to communicate with a drain, a pilot 
preSSure producing member Supplying pilot pressure, which 
increases from Zero to a value exceeding a given value, to 
the housing, a pipe shaped first Spool accommodated Slid 
ably in the housing So as to receive the pilot pressure, a first 
biasing member giving the first Spool biasing force acting in 
an opposite direction to receiving the pilot pressure, a 
feedback hydraulic chamber provided in the housing, a 
Second Spool accommodated Slidably inside the first Spool So 
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as to receive the pilot pressure, and a Second biasing member 
giving the Second Spool Second biasing force acting in an 
opposite direction to receiving the pilot pressure. 
0016. With the pressure regulation valve mentioned 
above, the first spool is moved in the housing by first thrust 
force due to the pilot preSSure So that the output port 
communicates internally with the drain port, when the pilot 
preSSure is Substantially Zero, and communicates internally 
with the input port, when the pilot pressure exceeds the 
given value. 
0.017. Further, the second spool is movable in the first 
Spool by Second thrust force due to the pilot pressure So that 
the feedback hydraulic chamber communicates internally 
with the output port, when the pilot pressure is below the 
given value, and communicates internally with the drain 
port, when the pilot pressure exceeds the given value. 
0.018 Furthermore, the feedback hydraulic chamber 
gives the first Spool feedback force acting in an opposite 
direction to which the first Spool receives the pilot pressure 
when the feedback hydraulic chamber communicates with 
the output port. 
0019. The first spool moves in the housing to a position 
where the first thrust force balances with a sum of the first 
biasing force and the feedback force. When the pilot pres 
Sure is within a range from Substantially Zero to the given 
value, a normal output pressure proportional to the pilot 
preSSure is Supplied from the output port to the hydraulic 
circuit, Since the feedback hydraulic chamber communicates 
with the output port and the feedback force is given to the 
first Spool. 
0020 When the pilot pressure is in a range exceeding the 
given value, a maximum output preSSure equal to Supply 
preSSure of the Supply pressure Source, which-is higher by a 
predetermined value (for example, 0.7 Mpa) than the normal 
preSSure, is Supplied from the output port to the hydraulic 
circuit, Since the feedback hydraulic chamber communicates 
with the drain so that the feedback force becomes zero and 
the first Spool further moves to a position where the input 
port communicates with the Supply pressure Source. 
0021. As the pressure regulation valve has the second 
Spool housed in the first Spool for controlling the movement 
of the first Spool, an entire body constituting the hydraulic 
circuit becomes compact and results in leSS manufacturing 
COSt. 

0022. Further, to make the entire body of the hydraulic 
circuit more compact, it is preferable that the pilot pressure 
producing member is a pilot pressure control valve being 
provided with a third spool that is arranged coaxially with 
the first Spool and a valve housing formed integrally with the 
housing. 

BRIEF DESCRIPTION OF THE DRAWING 

0023. Other features and advantages of the present inven 
tion will be appreciated, as well as methods of operation and 
the function of the related parts, from a study of the 
following detailed description, the appended claims, and the 
drawings, all of which form a part of this application. In the 
drawings: 
0024 FIG. 1 is a cross sectional view of a pressure 
regulation valve having variable characteristics according to 
a first embodiment of the present invention; 
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0025 FIG. 2 is a graph showing a relationship between 
output pressure of the preSSure regulation valve and the pilot 
preSSure, 

0026 FIG. 3 is a graph showing relationships among 
current of a linear Solenoid valve, pilot pressure and the 
output pressure; 

0027 FIG. 4 is a cross sectional view of an electromag 
netic valve in which a pressure regulation valve and a pilot 
preSSure control valve are integrated into a body according 
to a Second embodiment of the present invention; 
0028 FIG. 5 is a graph showing a relationship between 
current applied to a pilot preSSure control valve and pilot 
preSSure or output preSSure of a preSSure regulation valve 
according to a third embodiment of the present invention; 
0029 FIG. 6 is a cross sectional view of an electromag 
netic valve in which a pressure regulation valve and a pilot 
preSSure control valve are integrated into a body according 
to a third embodiment of the present invention; and 
0030 FIG. 7 is a circuit diagram showing a conventional 
hydraulic circuit System as prior art 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.031 (First Embodiment) 
0032. A hydraulic circuit System having a pressure regu 
lation valve with variable characteristics according to a first 
embodiment is described with reference to FIGS. 1 to 3. 

0033 According to the first embodiment, a hydraulic 
control device of a vehicle automatic transmission has a 
hydraulic circuit System in which a pressure regulation valve 
1 with variable characteristics Supplies both of output pres 
Sure proportional to pilot preSSure and output preSSure equal 
to Supply pressure (line pressure) of a Supply pressure Source 
90 to an output conduit 14 (hydraulic circuit). The output 
conduit 14 is an oil conduit communicating the preSSure 
regulation valve 1 with a hydraulic servo 94 for driving a 
hydraulic engagement member (for example, a clutch) of the 
vehicle automatic transmission. 

0034. The hydraulic engagement member is a multiple 
disk friction clutch in which transmission gears provided 
between input and output axes of the vehicle automatic 
transmission are Selectively engaged with each other for 
changing a transmission ratio. An oil pump, which is driven 
by an engine and operative to intake operating oil via an oil 
Strainer from an oil reservoir and to discharge it to a Supply 
pressure (line pressure) conduit 10, is used as the Supply 
pressure source 90. Conduits 11 and 12 are drain conduits 
(low pressure) communicating with first and Second drains 
91 and 92 Such as oil reservoirs provided in an oil pan. 
0035. The pressure regulation valve 1 is provided with a 
pilot preSSure control valve 95 for Outputting pilot pressure, 
a pipe shaped housing 2 lodged in a receSS, which is 
provided at a given position of a valve body (not shown) 
constituting the hydraulic circuit System of the automatic 
transmission, a cylindrical main Spool 3 Slidably accommo 
dated in the housing 2, a Sub-Spool 4 accommodated in the 
main Spool 3, a first Spring 5 biasing the main Spool 3 toward 
a first position (initial position), and a second Spring 6 
biasing the Sub-spool 4 toward a first position (initial posi 
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tion). According to the first embodiment, the pilot pressure 
control valve 95 is a normally closed linear Solenoid valve 
but may be a normally opened linear Solenoid valve. 
0036) An output hydraulic chamber 17 (circumferential 
groove around an outer circumference of the main spool 3) 
is formed between the housing 2 and the main spool 3. 
Further, a feedback hydraulic chamber 18 (circumferential 
groove around an outer circumference of the main spool 3) 
and a second drain hydraulic chamber 19 are formed 
between the housing 2 and the main Spool 3, respectively. 
0037. The housing 2 of the pressure regulation valve 2 is 
provided with a Supply pressure port (input port) 20 com 
municating with the Supply pressure conduit 10 of the 
Supply pressure Source 90, first and Second drain ports 21 
and 22 communicating with the drain conduits 11 and 12 of 
the first and second drains 91 and 92, respectively, and a 
clutch pressure output port 24 (output port) communicating 
with the hydraulic circuit 14 (output conduit). The housing 
2 is further provided at a right end thereof shown in FIG. 1 
with a pilot pressure port 25 communicating with a pilot 
preSSure Supply conduit 15 that communicates with the 
normally closed linear Solenoid valve 95. 
0.038. The housing 2 is provided on an inner wall thereof 
with a first stopper 27 defining the first position of the main 
Spool 3, a Second stopper 28 defining a Second position of 
the main Spool 3, and a male Screw type plug 29, which is 
fastened and fixed thereto at a left end thereofshown in FIG. 
1, for presetting a Spring load of the first Spring 5. 
0039 The normally closed linear Solenoid valve 95, 
which is a pilot pressure producing member, is composed of 
a Solenoid coil, Stator core (fixed iron core), moving core 
(movable iron core), a Solenoid shaft, yoke and a housing, 
which are not shown in drawings. The Solenoid valve 95 is 
operative to output the pilot pressure to be applied via the 
pilot pressure Supply conduit 15 to the pilot preSSure port 25. 
The pilot pressure increases in proportion to increase of 
current Supplied to the Solenoid coil from an electric control 
unit (not shown), as shown in FIGS. 2 and 3. 
0040. The main spool 3 together with the housing 2 
constitutes a three ports change over valve for operating in 
Such a manner that the output conduit 14 is allowed to 
communicate with the Supply pressure source 90 or with the 
first drain 91. The main spool 30 is provided in an inside 
thereof with a cylindrical bore 30 extending axially and 
moves toward a left side in FIG. 1 (a direction in which the 
pilot pressure acts) when the pilot pressure exceeds biasing 
force of the Second Spring 6. A Sub-Spool Stopper 31, which 
defines the initial position (first position) of the Sub-spool 4, 
is provided at an end of the cylindrical bore 30. A cylindrical 
retainer 32 is provided at the other end of the cylindrical 
bore 30. 

0041. The main spool 3 is provided at outer circumfer 
ence thereof with large diameter lands 33 and 34 and a small 
diameter land, which extend axially, respectively. The large 
diameter lands 33 and 34 Serve to adjust opening degrees of 
the first drain port 21 and Supply pressure port 20, respec 
tively. The first stopper 27, which stops the large diameter 
land 33, defines the first position of the main spool 3. The 
Second Stopper 28, which Stops the large diameter land 34, 
defines the second position of the main spool 3. First and 
second edges 36 and 37 are formed on Surfaces where the 
large diameter lands 33 and 34 are opposed each other. 
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0042. The main spool 3 is further provided at a cylindri 
cal wall thereof with an inner output port 38 through which 
the clutch pressure output port 24 communicates with the 
cylindrical bore 30, a feedback port 39 through which the 
feedback hydraulic chamber 18 communicates with the 
cylindrical bore 30, and an inner drain port 40 through which 
the Second drain port 22 communicates with the cylindrical 
bore 30. The inner output port 38 is opened to a recess 
between the large diameter lands 33 and 34. The feedback 
port 39 is opened between the large diameter land 34 and the 
small diameter land 35. The inner drain port 40 is opened on 
the other end side of the Small diameter land 35. 

0043. The sub-spool 4 constitutes a three ports change 
over valve for operating in Such a manner that the feedback 
hydraulic chamber 18 communicates either with the output 
conduit 14 or with the second drain 92. The sub-spool 4 is 
slidably housed in the cylindrical bore 30 and moves toward 
a left side in FIG. 1 (a direction in which the pilot pressure 
acts) up to a Second position when the pilot pressure exceeds 
biasing force of the Second Spring 6. 
0044) A plate type stopper ring 41, which comes in 
contact with the Sub-Spool Stopper 31, is attached to an end 
of the sub-spool 4. The sub-spool 4 is provided at outer 
circumference thereof with lands 42 and 43 both extending 
axially. A recess is formed in the cylindrical bore 30 between 
a cylindrical portion axially bridging the lands 42 and 43 and 
a cylindrical inner wall of the main spool 3. 
0045. The feedback hydraulic chamber 18 is formed 
axially between the large diameter land 34 and a circum 
ferentially projecting portion protruded out of the cylindrical 
inner wall of the housing 2 and radially between the small 
diameter land 35 and the cylindrical inner wall of the 
housing 2. The feedback hydraulic chamber 18 is a pilot 
preSSure-opposing chamber that gives the large diameter 
land 34 of the main Spool 3 biasing force acting against the 
pilot pressure (in a right direction in FIG. 1). 
0046) When the sub-spool 4 is at the first position, the 
clutch output pressure is introduced in the feedback hydrau 
lic chamber 18. When the sub-spool 4 is at the second 
position, the feedback hydraulic chamber 18 communicates 
with the drain conduit 12 of the second drain 92. 

0047 The first spring 5, whose end is held by the retainer 
32 installed at the other end of the main spool 3 and whose 
another end is held by the plug 29 installed at the other end 
of the cylindrical wall of the housing 2, is a first biasing 
member. The first Spring 5 is a coil Spring and gives the main 
Spool 3 biasing force acting against the pilot pressure (in a 
right direction in FIG. 1). 
0048. The second spring 6, whose end is held by the land 
43 provided at the other end of the sub-spool 4 and whose 
another end is held by the retainer 32 installed at the other 
end of the main Spool 3, is a Second biasing member. The 
Second Spring 6 is a coil spring and gives the Sub-Spool 4 
biasing force acting against the pilot pressure (in a right 
direction in FIG. 1). According to the first embodiment, the 
biasing force of the Second Spring 6 is So Set that the output 
preSSure is changed over when the pilot pressure reaches 0.5 
Mpa. 

0049 According to the hydraulic circuit system men 
tioned above, the main Spool 3 and the Sub-Spool 4 are 
moved toward the pilot pressure port 25 by the biasing 
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forces of the first and Second Springs 5 and 6 and, when the 
pilot pressure is Zero, are at first positions, respectively. That 
is, the large diameter land 33 of the main Spool 3 is in contact 
with the first Stopper and the Stopper ring 41 of the Sub-Spool 
4 is in contact with the sub-stopper 31. 
0050. Unless the pilot pressure of the pilot pressure port 
25 exceeds a predetermined pressure When current is 
applied to the normally closed linear Solenoid valve 95, the 
Sub-Spool 4 maintains the first position Since the biasing 
force of the Second Spring 6 exceeds thrusting force in a left 
direction in FIG. 1 due to the pilot pressure. When the pilot 
preSSure exceeds the predetermined preSSure, the Sub-Spool 
4 moves to the Second position on a Side of the Second Spring 
6. 

0051. In a case that the pilot pressure is controlled within 
a range from Zero to 0.6 Mpa, the biasing force of the Second 
Spring 6 is So Set that the output pressure is changed over 
when the pilot pressure reaches 0.5 Mpa. 
0.052 Accordingly, when the pilot pressure is within a 
range from Zero to 0.5 Mpa, the sub-spool 4 is kept at the 
first position Since the biasing force of the Second Spring 6 
exceeds thrust force in a left direction in FIG. 1 due to the 
pilot pressure. At this time, the feedback hydraulic chamber 
18 communicates with the output conduit 14 through a route 
of the clutch output port 24, the output hydraulic chamber 
17, the inner output port 38, the cylindrical bore 30, and the 
feedback port 39 so that the clutch output pressure is 
introduced to the feedback hydraulic chamber 18. 
0053. Therefore, the main spool 3 moves to a position 
where the thrust force acting in a left direction in FIG. 1 due 
to the pilot preSSure balances with a Sum of feedback force 
acting in a right direction in FIG. 1 due to the output 
preSSure and the biasing force of the first Spring 5. At this 
position, the main spool 3 is operative to Supply the output 
preSSure, which is adjusted according to the pilot pressure, 
via the output conduit 14 to the hydraulic servo 94 for the 
clutch. 

0054 When the pilot pressure is a given value (for 
example, 0.5 Mpa), the output pressure Supplied to the 
output conduit is adjusted to a value (for example, 0.8 Mpa) 
that is proportional to the given value of the pilot pressure 
and lower by a predetermined value (for example, 0.7 Mpa) 
than a value (for example, 1.5 Mpa) of maximum pressure, 
as shown in a graph (a)-(b in FIG.2. The value of the output 
preSSure according to the first embodiment is lower by a 
predetermined value than that of the output pressure of the 
conventional pressure regulation valve. That is, increasing 
gradient of the output preSSure that increases according to 
increase of the pilot pressure is gentler than that of the 
conventional output pressure. 
0055 The output pressure (main control pressure: Pout) 
can be expressed as a formula mentioned below. Since the 
output pressure of the pressure regulation valve according to 
the first embodiment is lower, compared with the output 
preSSure of the conventional pressure regulation valve, the 
clutch control pressure proportional to the pilot pressure 
may be precisely and accurately adjusted. 

Pout={(Sp/Sf)x Ppilot-(FS1/Sf) 

0056. Where 
0057 Sp is an area of the main spool 3 which 
receives pilot preSSure, 
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0.058 Sf is an area of the main spool 3 which 
receives pressure of the feedback hydraulic chamber 
18, 

0059) Ppilot is pilot pressure, and 
0060 FS1 is biasing force of the first spring 5. 

means DreSSure amplitude ratio. 0061 Sp/Sf p plitud 
0062) When the pilot pressure is in a range exceeding 0.5 
Mpa (relatively high pressure range), force which the end of 
the Sub-Spool 4 receives from the pilot preSSure exceeds the 
biasing force of the Second Spring 6 So that the Sub-Spool 4 
moves to the Second position on a Side of the Second Spring 
6. At this time, the feedback hydraulic chamber 18 commu 
nicates via the feedback port 39, the cylindrical bore 30, the 
inner drain port 40, the second drain chamber 19 and the 
second drain port 22 with the drain conduit 12. 
0063. Accordingly, the feedback pressure of the feedback 
hydraulic chamber 18 becomes Zero so that the main spool 
3 is moved by the thrust force acting in a left direction in 
FIG. 1 due to the pilot pressure until the main spool 3 comes 
in contact with the Second stopper 28. Thus, the Supply 
preSSure port 20 communicates with the clutch output port 
24 So that the output pressure in the output conduit 14 is 
equal to the Supply preSSure of the Supply pressure Source 
90. 

0064 FIG. 2 is a graph showing a relationship between 
the pilot pressure and the output pressure of the preSSure 
regulation valve based on the pilot pressure. FIG. 3 is a 
graph showing a relationship among the current of the linear 
Solenoid valve, the pilot pressure produced by the linear 
Solenoid valve and the output preSSure of the preSSure 
regulation Valve. 
0065. As shown in a solid line, as characteristics of the 
preSSure regulation valve, the output pressure increases in 
proportion to the pilot pressure, as shown in marks (a and (b) 
within a pilot pressure range from Zero to 0.5 Mpa and 
maintains preSSure equal to the Supply pressure, as shown by 
marks Cand d, during a pilot pressure range exceeding 0.5 
Mpa. A dotted line shown in FIG. 2 represents the output 
preSSure of the conventional pressure regulation valve hav 
ing a larger preSSure amplitude ratio as its characteristics. 
0066 According to the conventional pressure regulation 
Valve, in a range where the accurate output pressure control 
is required, a pilot pressure range is relatively narrow as 
shown in a letter A, compared with relatively narrow pilot 
preSSure range shown in a letter B in case of the preSSure 
regulation valve according to the present embodiment. Fur 
ther, the pressure regulation valve according to the present 
embodiment can output the high output preSSure equal to the 
Supply pressure as shown in marks C and d) Accordingly, 
Compared with the conventional pressure regulation valve 
in which a slight change of the pilot pressure tends to be 
largely amplified, the pressure regulation Valve of the 
present embodiment results in Securing Smoother Speed 
change So that the driver's feel for the transmission Stage 
change is improved Since the clutch control output preSSure 
proportional to the pilot pressure is more precisely trans 
mitted to the hydraulic servo 94. 
0067. As mentioned above, a single piece of the pressure 
regulation valve of the present embodiment is compact and 
has two kinds of variable output characteristics So that the 
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output pressure Supplied to the clutch is adjusted to preSSure 
proportional to the pilot pressure with a relatively low 
preSSure amplitude ratio in a relatively low preSSure range 
and is adjusted to high pressure directly introduced from the 
preSSure Supply Source 90 in a high pressure range after the 
clutch engagement control in order to Suppress a slip of the 
clutch even if large torque is applied thereto. As a result, an 
entire body of the hydraulic circuit System for the automatic 
transmission is compact and a number of components 
thereof are limited So that a manufacturing cost of the 
hydraulic circuit System is Saved. 

0068 (Second Embodiment) 
0069. A second embodiment of the present invention is 
described with reference to FIGS. 4 and 5. 

0070 According to the second embodiment, a pressure 
regulation valve 1 having variable characteristics and a pilot 
pressure control valve 9 (normally closed solenoid valve) 
are integrated into a body to constitute an electromagnetic 
valve. The pilot pressure control valve 9 has a cylindrical 
yoke 51 fixed to an end of a first housing 2a of the pressure 
regulation Valve 1, a coil bobbin 52 arranged on an inner 
circumference of the yoke 51 and a solenoid coil 53 wound 
on the coil bobbin 52. 

0.071) Further, the pilot pressure control valve 9 has a 
Stator core 54 (fixed iron core) arranged on an inner cir 
cumference side of the coil bobbin 52, a moving core 55 
(movable iron core or plunger), a Solenoid shaft operative 
together with the moving core 55, a pilot pressure control 
Spool 57 arranged coaxially with a main spool 3, a Sub-spool 
4 and the Solenoid shaft 56 and movable together with the 
Solenoid shaft 56, a plate spring 58 for centering the moving 
core 55, cover 59 closing an opening of an end of the yoke 
51, and a third Spring 7 biasing in an opposite direction to 
which pilot pressure acts. 
0.072 The pressure regulation valve 1 is provided on an 
end of the first housing 2a with a pilot pressure hydraulic 
chamber 63 in which a second plug 62 is disposed, a third 
drain port 23 communicating with a drain conduit 13 of a 
third grain 93, and a modulator pressure input port 26 
communicating with a modulator pressure Supply conduit 16 
of a modulator valve 96. The modulator valve 96 is a 
pressure control valve for generating module pressure (for 
example, 0.6 Mpa), which is lower than Supply pressure 
(line pressure), in the modulator pressure Supply conduit 16. 
A pilot pressure feedback hydraulic chamber 64 is formed 
between the pilot pressure control valve 57 and the first 
housing 2a. 
0073. The pilot pressure control valve 57, which has an 
axial bore 65, moves in a left direction in FIG. 4 (a direction 
to which the pilot pressure acts) when urging force to the 
Solenoid shaft 56 exceeds biasing force of the third spring 7. 
The pilot pressure control valve 57 is provided on a cylin 
drical wall thereof with an inner control port 66 through 
which the axial bore 65 communicates either with the third 
drain port 23 or with the modulator pressure input port 26, 
and with a pilot pressure feedback port 67 through which the 
axial bore 65 communicates with the pilot pressure feedback 
hydraulic chamber 64. 
0.074 The pressure regulation valve 1 of the second 
embodiment, similar to that of the first embodiment, is 
composed of cylindrical first and Second housings 2a and 2b, 
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the main Spool 3, the Sub-Spool 4, first and Second SpringS 5 
and 6, an output hydraulic chamber 17 (a circumferential 
groove around an outer circumference of the main spool 3), 
a feedback hydraulic chamber (a circumferential groove 
around an outer circumference of the main spool 3), and a 
second drain hydraulic chamber 19. 
0075. The first housing 2a is lodged in a recess formed at 
a given position of a valve body in which the hydraulic 
circuit System of the automatic transmission is formed. A 
first plug 61 is fixed by staking to the other end of The first 
housing 2a. The first housing 2a is provided with a Supply 
port 20 communicating with a Supply pressure conduit of a 
Supply pressure Source 90, a clutch pressure output port 24 
communicating with a hydraulic circuit 14, and a first drain 
port 21 communicating with a drain conduit 11 of a first 
drain 91. The second housing 2b is press fitted to an inner 
circumferential Surface of the first housing 2a. A Second 
drain port 22 communicating with a drain conduit 12 of a 
second drain 92 is provided inside the second housing 2b. 
0076 A first stopper 27, which defines first position of the 
main spool 3, is provided on an inner wall of the first 
housing 2a. A Second stopper 28, which defines Second 
position of the main Spool 3, is provided at an end of the 
Second housing 2b. The main Spool 3 is provided with an 
inner drain port 40 opened at the other end thereof to 
communicate the Second drain port 22 with a cylindrical 
bore 30. Inner diameter of the inner drain port 40 is larger 
than that of the cylindrical bore 30. The main spool 3 and the 
sub-spool 4 are arranged coaxially with the Solenoid shaft 56 
and the pilot pressure control spool 57. 
0077. The first plug 61, which is used for presetting the 
biasing force of the first Spring 5, is inserted into the other 
end inner circumferential Surface of the first housing 2a and 
fixed thereto by staking. The first plug 61 is provided in a 
center thereof with a communicating bore 71 communicat 
ing opposite Second drain ports 22 with each other. The 
Second plug 62, which is used for presetting the biasing 
force of the third Spring 7, is preSS fitted and fixed to an inner 
circumferential end Surface of the first housing 2a. The 
Second plug 62 is provided in a center thereof with a 
communicating bore 72 communicating opposite pilot pres 
sure hydraulic chambers 63 with each other. 
0078. An end of the first spring 5 is held by a step portion 
at the other end of the main spool 3 and the other end thereof 
is held by the first plug 61. An end of the second spring 6 is 
held by a stopper ring 41 fixed to the end of the sub-spool 
4 and the other end thereof is held by a recess portion 
provided at the end of the sub-spool. An end of the third 
Spring 7, which is a return Spring (third biasing member) 
urging the moving coil 55, the Solenoid shaft 56 and the pilot 
preSSure control valve toward respective initial positions, is 
held by a recess of the pilot pressure control spool 57 and the 
other end thereof is held by the Second plug. 
0079. With the electromagnetic valve mentioned above, 
according to increase of current to be Supplied to the 
Solenoid coil 53 of the pilot pressure control valve 9, the 
moving core 55, the Solenoid shaft 56 and the pilot pressure 
control spool 57 move in a left direction in FIG. 4 and, when 
the axial hole 65 of the pilot pressure control spool 57 
communicates with the modulator preSSure input port 26, 
operating oil is flown into the pilot pressure hydraulic 
chamber 63 So that pressure in the pilot pressure hydraulic 
chamber 63, that is, pilot pressure, increases. 
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0080. At this time, the pilot pressure feedback hydraulic 
chamber 64 communicates with the modulator pressure 
supply conduit of the modulator valve 96 via the modulator 
preSSure input port 26, the inner control port 66, the axial 
bore 65, and the pilot pressure feedback port 67, while the 
pilot pressure feedback hydraulic chamber 64 communicates 
with the pilot pressure hydraulic chamber 63 via the axial 
bore 65 and the pilot pressure feedback port 67. Pressure 
introduced into the pilot pressure feedback hydraulic cham 
ber 64 gives the pilot pressure control spool 57 feedback 
thrust force acting in an opposite direction (in a right 
direction in FIG. 4) to which the pilot pressure gives 
thrusting force thereto. Accordingly, the pilot pressure con 
trol spool 57 moves to a position where a sum of the 
feedback force of the pilot pressure feedback hydraulic 
chamber 64 and the biasing force of the third spring 3 
balance with the pilot pressure of the pilot pressure hydrau 
lic chamber 63. As a result, the pilot preSSure in proportion 
to a current amount applied to the Solenoid coil 53 is 
produced, as shown in FIG. 5. 
0081. Unless the pilot pressure of the pilot pressure 
hydraulic chamber 63 exceeds a predetermined pressure 
when current is applied to the Solenoid coil 53, the Sub-spool 
4 maintains the first position Since the biasing force of the 
Second Spring 6 exceeds thrust force in a left direction in 
FIG. 4 due to the pilot pressure. When the pilot pressure 
exceeds the predetermined pressure, the Sub-Spool 4 moves 
to the Second position on a Side of the Second Spring 6. The 
biasing force of the Second Spring 6 is So Set that the output 
preSSure is changed to the Supply preSSure when the pilot 
pressure is 0.5 Mpa. 

0082) Accordingly, when the pilot pressure is within a 
range from Zero to 0.5 Mpa (relatively low pressure range), 
the Sub-Spool 4 is kept at the first position Since the biasing 
force of the Second Spring 6 exceeds thrust force in a left 
direction in FIG. 4 due to the pilot pressure. At this time, the 
feedback hydraulic chamber 18 communicates with the 
output conduit 14 through a route of the clutch output port 
24, the output hydraulic chamber 17, the inner output port 
38, the cylindrical bore 30, and the feedback port 39 so that 
the clutch output pressure is introduced to the feedback 
hydraulic chamber 18, which is similar to the first embodi 
ment. 

0.083. Therefore, the main spool 3, as does in the first 
embodiment, moves to a position where the thrust force 
acting in a left direction in FIG. 4 due to the pilot pressure 
balances with a Sum of feedback force acting in a right 
direction in FIG. 4 due to the output pressure and the biasing 
force of the first spring 5. At this position, the main spool 3 
is operative to Supply the output preSSure, which is adjusted 
in proportion to the pilot pressure as shown in FIG. 5, via 
the output conduit 14 to the hydraulic servo 94 for the clutch. 
0084. When the pilot pressure is in a range exceeding 0.5 
Mpa (relatively high pressure range), a force which the end 
of the Sub-Spool 4 receives from the pilot pressure exceeds 
the biasing force of the Second Spring 6 So that the Sub-Spool 
4 moves to the Second position on a Side of the Second Spring 
6. At this time, the feedback hydraulic chamber 18 commu 
nicates, similarly with the first embodiment, via the feed 
back port 39, the cylindrical bore 30, the inner drain port 40, 
the second drain chamber 19 and the second drain port 22 
with the drain conduit 12. 
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0085. Accordingly, the feedback pressure of the feedback 
hydraulic chamber 18 becomes Zero so that the main spool 
3 is moved by the thrust force acting in a left direction in 
FIG. 4 due to the pilot pressure until the main spool 3 comes 
in contact with the Second stopper 28. Thus, the Supply 
preSSure port 20 communicates with the clutch output port 
24 So that the output pressure in the output conduit 14 is 
equal to the Supply preSSure of the Supply pressure Source 
90, as shown in FIG. 5. 
0086 The pressure regulation valve 1 according to the 
Second embodiment, which has same function and advan 
tages as the first embodiment, is arranged coaxially with the 
pilot pressure control valve 9 and the housing 2a thereof is 
commonly used for the pilot pressure control valve 9. 
Accordingly, an entire body of the hydraulic circuit System 
of the automatic transmission is remarkably minimized with 
a leSS number of components constituting the same, result 
ing in lower manufacturing cost. 

0087) (Third Embodiment) 
0088 An electromagnetic valve in which a pressure 
regulation valve and a pilot preSSure control valve are 
integrated into a body according to a third embodiment is 
described with reference to FIG. 6. 

0089. According to the third embodiment, the first plug 
61 is provided at outer circumference thereof with a male 
thread portion (outer circumferential thread) that is engaged 
with a female thread (inner circumferential thread) formed 
on the other end inner circumferential Surface of the first 
housing 2a. The first plug 61 is fastened and fixed to the 
other end inner circumferential Surface of the first housing 
2a. The first plug 61 is provided in a center thereof with a 
communicating bore 71 communicating opposite Second 
drain ports 22 with each other. 
0090 The second plug 62 is provided at outer circum 
ference thereof with a male thread portion (outer circum 
ferential thread) that is engaged with a female thread (inner 
circumferential thread) formed on the other end inner cir 
cumferential Surface of the first housing 2a. The Second plug 
62 is provided in a center thereof with a communicating bore 
72 communicating the opposite pilot pressure hydraulic 
chambers 63 with each other. 

0091. The hydraulic engagement member may be a coni 
cal clutch or a hydraulic multiple disk clutch that enables 
mutual engagement of components constituting a planetary 
gear device arranged between the input and output axes of 
the automatic transmission, a hydraulic conical clutch, a 
hydraulic multiple disk clutch or a band brake that enables 
to engage any of the components with the output or input 
axis, or a hydraulic multiple disk brake which enables to fix 
any of the components to a fixing member of an automatic 
transmission case. 

0092. Instead of using the hydraulic servo 94 for driving 
to engage the hydraulic multiple disk clutch, the hydraulic 
Servo may be used for driving to operate the band brake or 
the hydraulic multiple disk brake. Further, instead of using 
the output conduit mentioned above for communicating the 
preSSure regulation valve with the hydraulic Servo for driv 
ing the hydraulic multiple disk clutch of vehicle automatic 
transmission, the output conduit may be used to communi 
cate the pressure regulation valve with a hydraulic Servo for 
driving the band brake or the hydraulic multiple disk brake. 
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What is claimed is: 
1. A pressure regulation valve for a hydraulic circuit 

having a Supply pressure Source and a drain, comprising: 
a housing having an input port to communicate with the 

Supply pressure Source, an output port to communicate 
with the hydraulic circuit and at least a drain port to 
communicate with the drain; 

a pilot pressure producing member Supplying pilot pres 
Sure, which increases from Zero to a value exceeding a 
given value, to the housing; 

a pipe shaped first Spool accommodated slidably in the 
housing So as to receive the pilot pressure, the first 
spool being moved therein by first thrust force due to 
the pilot preSSure So that the output port communicates 
internally with the drain port, when the pilot pressure is 
Substantially Zero, and communicates internally with 
the input port, when the pilot pressure exceeds the 
given value; 

a first biasing member giving the first Spool a biasing 
force acting in an opposite direction to receiving the 
pilot pressure; 

a feedback hydraulic chamber provided in the housing; 
a Second Spool accommodated Slidably inside the first 

Spool So as to receive the pilot pressure, the Second 
Spool being movable therein by Second thrust force due 
to the pilot pressure So that the feedback hydraulic 
chamber communicates internally with the output port, 
when the pilot pressure is below the given value, and 
communicates internally with the drain port, when the 
pilot pressure exceeds the given value; and 

a Second biasing member giving the Second Spool Second 
biasing force acting in an opposite direction to receiv 
ing the pilot pressure, 

wherein the feedback hydraulic chamber gives the first 
Spool feedback force acting in an opposite direction to 
which the first Spool receives the pilot preSSure when 
the feedback hydraulic chamber communicates with 
the output port. 

2. A preSSure regulation valve according to claim 1, 
wherein the first Spool moves in the housing to a position 
where the first thrust force balances with a sum of the first 
biasing force and the feedback force So that, when the pilot 
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preSSure is within a range from Substantially Zero to the 
given value, a normal output pressure proportional to the 
pilot pressure is Supplied from the output port to the hydrau 
lic circuit, and, when the pilot pressure is in a range 
exceeding the given value, a maximum output preSSure 
equal to Supply pressure of the Supply pressure Source, 
which is higher by a predetermined value than the normal 
preSSure, is Supplied from the output port to the hydraulic 
circuit. 

3. A preSSure regulation valve according to claim 2, 
wherein the first Spool is provided with an axially extending 
bore, an inner output port through which the axially extend 
ing bore communicates with the output port, a feedback port 
through which the feedback hydraulic chamber communi 
cates with the axially extending bore, and an inner drain port 
through which the axially extending bore communicates 
with the drain port. 

4. A preSSure regulation valve according to claim 3, 
wherein the Second Spool is slidably housed in the axially 
extending bore, the Second Spool keeping an initial position 
So that the feedback hydraulic chamber communicates via 
the feedback port, the axially extending bore and the inner 
output port with the output port, when the pilot preSSure is 
within a range from Substantially Zero to the given value and 
the Second thrust force is below the Second biasing force, 
and moving in a direction to which the pilot pressure 
receives So that the feedback hydraulic chamber communi 
cates via the feedback port, the axially extending bore and 
the inner drain port with the drain port, when the pilot 
pressure is in a range exceeding the given value and the 
Second thrust force exceed the Second biasing force. 

5. A preSSure regulation valve according to claim 1, 
wherein the pilot pressure producing member is a pilot 
preSSure control valve being provided with a third Spool that 
is arranged coaxially with the first Spool and a valve housing 
formed integrally with the housing. 

6. A pressure regulation Valve according to claim 1, 
wherein the hydraulic circuit has a hydraulic servo for 
driving a hydraulic engagement member So as to Select any 
one of transmission Stages having a plurality of different 
transmission ratio arranged between input and output axes of 
a vehicle automatic transmission, the output pressure being 
applied to the hydraulic Servo. 


