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& (57) Abstract: A flow channel switching device (30) provided in an oil circuit to switch the oil flow channel in accordance with
the temperature of the oil. The flow channel switching device (30) comprises: a thermo-valve case (31) that includes a plurality of
flow passages that is communicated outside; and a cylinder (36) that is formed to move in the thermo-valve case (31) and switches
the oil flow channel in accordance with the temperature of the oil. The cylinder (36) moves to a predetermined position and is fixed
by means of an external member (139) when the fluid at a low temperature is fed into the fluid circuit.
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FLOW CHANNEL SWITCHING DEVICE

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The invention relates to a flow channel switching device that switches the

flow channel of a fluid according to the temperature of the fluid.

2. Description of the Related Art

[0002] A valve for switching a flow channel is provided in a fluid circuit. Among
various valves, a so-called thermo-valve that switches the flow channel according to the
temperature of the fluid is typically used at a ploint at which two or more pa;ssages
intersect. A thermo-valve switches a flow channel from one to the other according to
the temperature of the fluid flowing through the thermo-valve. A thermo-valve is
provided for, for example, a heat exchanger for an automatic transmission in a motor
vehicle,

[0003] Japanese Utility Model Application Publication No. 1-9’8365‘ (hereinafter
referred to as “JP-U-1-98365”) describes a transmission oil cooling apparatus that
suppresses an increase in the temperature of the transmission oil by circulating the
transmission oil through an oil pump, a circulation passage and an oil cooler that is '
provided in.the circulation passage. The transmission oil cooling apparatus has a l‘)ypass}
passage bypassing the oil cooler. An automatic switching valve is provided at the
coﬂncction portion between the bypass passage and the circulation passage. When the
oil temperature is low, the automatic switching valve introduces the oil discharged from
the oil pump to the bypass passage while preventing the oil from flowing into the oil
cooler. When the oil temperature is high, the automatic switching valve introduces the
oil discharged from the oil pump to the oil cooler while preventing the oil from flowing
into the bypass passage. According to JP-U-1-98365, it is described that the

transmission oil cooling apparatus can maintain the oil temperature within a desired

CONFIRMATION COPY
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temperature range, and can quickly increase the oil temperature when the oil temperature
is low.

[0004] Meanwhile, Japanese Patent Application Publication No. 2006-64155
(hereinafter, referred to as “JP-A-2006-64155") describes a heat exchanging system.for
an automatic transmission. The heat exchanging system is configured to cool the
automatic transmission and the oil discharged from the automatic tranémission. The
heat exchanging system includes a first heat exchanger provided on the upstream side, a

~second heat exchanger provided the downstream side, a thermo-valve that can supply the

automatic transmission with at least one of the oil that underwent the heat exchange at the
first heat exchanger and the oil that underwent the heat exchange at the second heat
exchanger. According to the heat exchanging system, when the oil temperature is
relatively low, the thermo-valve establishes a flow channel in which the oil passed
through the first heat exchanger returns to the automatic transmission while the oil passed
through the s.econd heat exchanger is interrupted to return to the automatic transmission.
Conversely, when the oi_l temperature is relatively high, the thermo-valve establishes a
flow channel in which the oil passes through both the first and second heat exchangers
and thén returns to the automatic transmission. According to JP-A-2006-64155, it is
described that the heat exchanging system can stabilize the oil temperature.

[0005] Meanwhile, a thermo-valve is structured to switch a flow channel between a
circuit communicated when the fluid temperature is low aﬂd a circuit communicated
when the fluid temperature is high. When forming a fluid circuit during production,
pipes and valves are first assembled together to form passéges of the fluid circuit, and
then the fluid circuit is filled up. However, when the fluid circuit is filled externally
with the fluid at a low temperature, for example, the thermo-valve may prevent the fluid
from flowing into the fluid circuit that is communicated at a high temperature.

[0006] For example, at a room temperature, the passages that circulates the fluid at a
low temperature are open while thé passages that circulates the fluid at a high
temperature ar.e closed. Therefore, when the fluid circuit is filled externally with the

* fluid at a room temperature, the fluid is prevented from flowing into the passages that are
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opened at a high terﬁperature. That is, it is difficult to fill up completely the passages
that are opened only at a high temperature with the fluid at a low temperature.

[0007] Therefore, for example, both the circuit that is opened at a low temperature
and the circuit that is opeﬁed at a high temperature may be filled up in sucﬁ a manner that
after filling a portion of the fluid circuit with the fluid at a low temperature, the other
portion of the fluid circuit is filled up externally with the fluid heated up to a hligh
temperature. According to this manner, however, it takes excessively a long timé to fill
up the fluid circuit completely because the fluid needs to be heated.

[0008] Also, the thermo-valve may be configured to be controlled electrically such
that a valve body of the thermo-body moves from a position for low temperatufe to a
position for high temperature even if the fluid is still at a low temperature. In this case,
however, the structure of the thermo-valve becomes complicated and the cost of the

thermo-valve increases.

SUMMARY OF THE INVENTION

[0009] The invention provides a flow channel switching device that even though the
temperature of a fluid is low, the fluid may be fed into a fluid circuit that is
communicated when the temperature of the fluid is high.

[0010] An aspect of the invention relates to a flow channel switching device that is
provided in a fluid circuit and switches a flow channel of a fluid in accordance with the
temperature of the fluid. The flow channel switching device comprises: a case that
includes a plurality of flow passages that is communicated outside; ahd a valve body that
is formed to move in the case, and switches the flow channel of the fluid in accordance
with the temperature of the fluid. Specifically, the valve body moves to a predetermined
position and is fixed by. means of an external member when the fluid at a low temperature
is fed into the fluid circuit.

[0011] Here, the external member may be removable. The flow passages may
include a first input passage that is open when the temperature of the fluid is low, and a

second input passage that is open when the temperature of the fluid is high. The
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predetermined position may be a position where the valve body is seated when the first
~ input passage is blocked.

[0012] Further, the fluid circuit may be a hydraulic circuit for an automatic
‘transmission, or may be a coolant cjrcuit for an internal combustion engine. Also, the
valve body may include first closing means»for blocking the first input passage, and
second closing means for bloéking the second input passage. The second closing means
may be forced to move when a fluid is fed into the fluid circuit, and the second input
passage opens. |

- [0013] - The flow channel switching device descried above may further include: a
shaft that supports the valve body such that the valve body moves in a predetermined
direction; and a wax that is provided in a space surrounded by the valve body and the
shaft, the wax expands and contracts in accordance with the temperature of the fluid.
The valve body may be moved in the predetermined direction by the wax expanding. A
portion of the shaft may be inserted in the valve body while the other portion of the shaft
is exposed to the outside of the case. The shaft may be supported by the case to move in
the predetermined direction. When the fluid is fed into the fluid circuit, the valve body
may be moved in the predetermined direction by pushing the shaft inward, whereby the
first input passage is blocked and the second input passage is opened.

[0014] The shaft may be fixed by the external member in a state that the shaft is
pushed in the predetermined direction.

[0015] Further, the flow channel switching device descried above may further
include an biasing mefnber that biases the valve body in a direction 6pposite to pushing
the shaft inward. The external member may be a pin having an elongated shape. The
case may have an insert hole into which the pin is inserted. The pin may be inserted
into the insert hole in a state that the shaft is pushed inward, whereby an end face of the
shaft contacts with the inserted pin and the shaft is fixed. Also, the case may further
include a protruding portion that has a plurality of the insert holes extending in different
directions from the adjacent insert holes.

- [0016] The case may have a concave portion that is formed to expose the other
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portion of the shaft to the outside of the case. The external member also may be a.screw
member. The screw member may be screwed into the concave portion. The shaft may
.be pushed in the predetermined direction by screwing the screw member into the concave
portion when the fluid is fed into the hydraulic circuit.

[0017] According to the invention, even though the temperature of a fluid is low, the
fluid may be fed into a fluid circuit that is communicated only when the temperature of

the fluid is high.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing and further objects, features and advantages of the invention
will ‘become apparent from the following description of example embodiments with
reference to the accompanying drawings, wherein like numerals are used fo represent like
elements and wherein:

FIG. 1 is a cross-sectional view showing a flow channel switching device of the first
.example embodiment when the temperature of the oil in the hydraulic circuit is low;

FIG. 2isa side view showing the flow channel switching device of the first example
embodiment as viewed from the direction indicated by the arrow X in FIG. 1;

FIG. 3 is a block diagram showing é drive system in the first example embodiment
when the temperature of the oil in the hydraulic circuit is low;

FIG. 4 is a cross-sectional view shpwing the flow channel switching device of the first
example embodiment when the temperature of the oil in the hydraulic circuit is high;

FIG. 5 is a block diagram showing the drive system in the first example embodiment
when the temperature of the oil in the hydraulic circuit is high;

FIG. 6 is a cross-sectional view showing the flow channel switching device 6f the first
example embodiment when the hydraulic circuit is filled up with the oil;

FIG. 7 is a side view of. the flow channel switching device of the first example
embodiment as viewed from the direction indicated by the arrow 106 in FIG. 6;

FIG. 8 is a cross-sectional view showing a flow channel switching device of the

second example embodiment when the temperature of the oil in hydraulic circuit is low;
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FIG. 9 is a side view of the flow channel switching device of the second example
embodiment as viewed from tile direction indicated by the arrow 108 in FIG. 8;

FIG. 10 is a cross-sectional view showing the flow channel switching device of the
-second example embodiment when the temperature of the oil in hydraulic circuit is high;
and |

FIG. 11 is a cross-sectional view showing the flow channel switching device of the

second example embodiment when the hydraulic circuit is filled up with the oil.

DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS

[0019] Hereinafter, a ﬂo§v channel switching device (will be simply referred to as
“thermo-valve”) according to the first example embodiment of the invention will be
described with reference to FIG. 1 to FIG. 7. The thermo-valve 30 of the first example
embodiment is provided in a hydraulic circuit for an automatic transmission in a motor
vehiéle. The hydraulic circuit of the first example embodiment involves heat
exchangers. |

[0020] FIG. 1 is a cross-sectional view showing the thermo-valve 30 when the
temperature of the oil in the hydraulic circuit (hereinafter referred to as “hydraulic 0il”) is
low. The thermo-valve 30 has a thermo-valve case 31 and a lid body 33. An inner
space 32 of the thermo-valve case 31 is formed hallow and serves as an oil passage.
The lid body 33 is arranged to seal one side of the inner space 32 such that the inner
space 32 is separated from the outside.

[0021] The thermo-valve case 31 has, as flow passages communicated outside, a
second input port 142, a first input port 144, and a first output port 143. The second input
port 142, the first input pbrt 144, and the first output port 143 are formed to communicate
with the inner space 32, and the oil is delivered to and from other components in the
- hydraulic circuit through the second input port 142, the first input port 144, and the first
output port 143. |

[0022] Further, the thermo-valve case 31 has a second output port 146 that

communicates with a second heat exchanger 50. As will be described later, the second
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output port 146 is formed such that the hydraulic oil flowing into the secon(i output port
146 from a first heat exchanger 40 flows toward the second heat exchanger 50 without
passing through the inner space 32 in the thermo-valve 30.

[0023] In the first example embodiment, the thermo-valve 30 has a cylinder 36 that
serves as a valve body. The cylinder 36 has a hollow inside. The cylinder 36 is
arranged in the inner space 32 of the thermo-valve case 31.

[0024] The cylinder 36 has a shaft slide portion 36a. The shaft slide portion 36a is
cylindrical. The shaft slide portibn 36a is slidably supported on a shaft 121. that is
provided in the thermo-valve 30.

[0025] The shaft 121 includes a thermo-element shaft 34. The shaft slide portion
36a is slidably supported on the thermo-element shaft 34. The cylinder 36 is movable
along the direction indicated by the arrow 111. At least a portion of the thermo-element
shaft 34 may be inserted in the cylinder 36. The inside of the cylinder 36 is filled with a
wax 131. The wax 131 is hermetically sealed in the space sﬁrrounded by the shaft 121
and the cylinder 36. |

[0026] A gasket 35 is attached via a back-up plate 43 to an end portion of the
thermo-element shaft 34, which is closer to the inside of the cylinder 36. The gasket 35
is formed such that the wax 131 in the cylinder 36 is prevented from leaking out.

[0027] The wax 131 may be, for example, a paraffin wax. The wax 131 contracts
as its temperature decreases and expands as its temperature increases.  Specifically, the
wax 131 of the first example embodiment is solid when the temperature of the hydraulic
oil is low and liquefies as the temperature of the hydraulic oil increases. That is, the
wax 131 may be regarded as a substance that changes its volume according to its
temperature.

[0028] The thermo-valve 30 has a passage closing member 135, which corresponds
to “first closing means”. The passage closing member 135 closes the first input port 144
by contacting the opening portion of the first input port 144. The cylinder 36 has a
closing member slideb portion 360 that faces the first input port 144. The closing

member slide portion 36¢ protrudes from the front-end portion of the cylinder 36. A
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stopper 91 is provided at the front-end portion of the closing member slide portion 36c.
The stopper 91 is formed such that the passage closiﬁg member 135 is prevented from
falling out of the closing member slide portion 36¢. |

[0029] The passage closing member 135 is arranged around the closing member
slide portion 36¢c. The passage closing member 135 has contact with the closing
member slide portion 36c and moves slidably along the closing member slide portion 36c¢.
Further, the passage clpsing member 135 is biased by a valve spring 133, which
corresponds to a “biasing member”, toward the first input port 144. One end portion of
the valve spring 133 is in contact with the end face of the cylinder 36 and the other end
portion of the valve spring 133 is in contact with the passage closing member 135.

[0030] In the first example embodiment, the thermo-valve 30 also has a passage
closing member 136, which corresponds to “second closing means”. The thermo-valve
case 31 has a contact portion 31a that is arranged to face the passage élosing member 136.
The contact portion 31a protrudes from the sidewall of the inner space 32 in the
thermo-valve case 31 toward the inside of the inner space 32.

[0031] The cylinder 36 is biased by a return spring 132, which is another biasing
member, toward a direction opposite to the direction indicated by the arrow X in FIG. 1 in
which the shaft 121 is pushed inward. The passage closing member 136 is biased by the
return spring 132 toward the contact portion 31a. Incidentally, A spring engaging
member 137 is provided in the inner space 32 of the thermo-valve case 31. The spring
engaging member 137 is formed to establish the position of the return spring 132 on one
gide. Further, fhc spring engaging member 137 is fixed, and therefore does not move
while the cylinder 36 is moving. The cylinder 36 includes an engaging member slide
portion 36b. The spring engaging member 137 slides on the surface of the engaging
member slide portion 36b.

[0032] The shaft 121 further includes a pushing shaft 37 for pushing the
thermo-element shaft 34. In the first example embodiment, the thermo-element shaft 34
and the pushing shaft 37 are joined together and thus move together.

[0033] The lid body 33 has a protruding portion 38 that protrudes toward an outer
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direction of the lid body 33 opposite to the direction indicated by the arrow X in FIG. 1.
Also, the lid body 33 has a through hole 33a. The pushing shaft 37 is inserted into the
through hole 33a. The shaft 121 passes through the through hole 33a of the lid body 33,
and a portion of the shaft 121 is exposed to the outside. The shaft 121 is supported by
the lid body 33 such that the shaft 121 may move back and forward along the directions
indicated by the arrow 111. Further, the thermo-valve 30 has another gasket 138 (e.g.,
O-ring). | The gasket 138 is arranged so as to prevent the hydraulic oil from leaking out
between the pushing shaft 37 and the through hole 33a.

[0034]  The pushing shaft 37 has a flat end face 37a. An insert Hole 38a is formed
in the protruding portion 38 of the lid body 33. In the first example embodiment, a
plurality of the insert holes 38a is provided. A pin 139 having an elongated shape,
which will be described later, may be inserted into the insert holes 38a.

[0035] FIG 2 is a side view showing the thermo-valve 30 of the first example
embodiment as viewed from the direction indicated by the arrow X in FIG. 1. | Referring
to FIG. 2, a side face of the lid body 33 is formed to be circular, and a side face of the
protruding portion 38 of the lid body 33 is formed to be hexagonal. Here, the shape of
the protruding portion 38 is not limited to a hexagonal shape. Each of the insert holes
38a is formed to extend in a different direction from the adjacent insert hole 38a, and to
reach the through hole 33a into which the shaft 121 is inserted.

[0036] Referring to FIG. 1 and FIG. 2, the pushing shaft 37 is formed such that the
pin 139 that is inserted into the insert holes 38a, which will be described later, contacts
the end face 37a of the pushing shaft 37 when the passage closing member 135 is in
contact with the opening portion of the first input port 144 by pushing the puéhing shaft
37 inward. | |

[0037] FIG. 1 shows the state that the temperature of the hydraulic oil introduced
from the first input port 144 is low. The passage closing member 136 is in contact with
the contact portion 31a by the elastic force of the return spring 132. The end portion of
the pushing shaft 37 having the end face 37a protrudes from the protruding portion 38

and thus is exposed to the outside. The passage closing member 136 is in contact with
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the contact portion 31a, and thus the second inp"'ut port 142 is under a closed state. That
is, the flow channel of the hydraulic (ﬁl 12 introduced from the second input port 142 is
interrupted. On the other hand, the first input port 144 and the first out port 143 are
under an open state.

[0038] A hydraulic oil 11 introduced from the first input port 144 flows into the inner
space 32 as indicated by the arrow 101. Then, the hydraulic oil that is flowed into the
inner space 32 flows out of the first out port 143 as indicated by the arrow 102. Because
the temperature of the hydraulic oil 11 is low, the temperature of the wax 131 in the
cylinder 36 is also low, and thus remains unexpanded.

[0039] FIG. 3 is a block diagram showing a drive system 1 in the first example
embodiment wﬁen the temperature of the hydraulic 6il is low. The drive system 1 in the
first example embodiment has an engine 20 that generates drive power, and an automatic
transmission 10 that receives the driver power from the engine 20 and converts the |
revolutions and the rotational torques of the engine 20; The engi_ne 20 is a drive power
source and may be either a gasoline engine or a diesel engine. Further, the engine 20
may be an external combustion engine, rather than an internal combustion engine.
Furthermore, the engine 20 may be configured by a motor-generator.

[0040] The torque output from the engine 20 is converted at the automatic
transmission 10. The automatic transmission 10 may be constituted by a torque
converter and planetary gcaisets. Alternatively, the automatic transmission 10 may be a
continuously variable transmission. Also, the automatic transmission 10 may be
constitﬁted such that a plurality of constant-meshed gears or selective-sliding gears is
provided and the engagement among the gears changes automatically. |

[0041] The engine 20 is cooled by coolant (e.g., long-life coolant). The engine 20,
a radiator 80, a thermostat 70, a water pump 60, a heater core 90, and the first heat
exchanger 40 are connected via coolant passaiges 161 to 167 in which the coolant

circulates.

~

[0042] The water pump 60 is attached to the engine 20. The thermostat 70 and the

radiator 80 are provided upstream of the water pump 60. The thermostat 70 adjusts the
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amount of coolant to be supplied to the radiator 80 in accordance with the coolant
temperature. The radiator 80 radiates fhe heat of the coolant to the ambient air.

[0043] The coolant from the water pump 60 isj introduced into the lower portion of -
the engine 20. Then the coolant is divided intb two flow channels from the upper
portion of the engine 20, and the coolant is discharged out of the engine 20. In one flow
channel, the coolant flows into the radiator 80 through the coolant passage 161. Then,
.the coolant flows from the radiator 80 into the thermostat 70 via the coolant passage 163.
The coolant out of the thermostat 70 returns to the water pump 60 via the coolant passage
164. Meanwhile, a portion of the coolant passes through the coolant passage 162, which
branches from the coolant passage 161, flows directly into the thermostat 70 bypassing
the radiator 80. -

[0044] In the other flow channel, the cdolant that is discharged from the engine 20
flows into the heater core 90 via the coolant passage 166. At the heater-core 90, the heat
of the coolant is radiated into the vehicle compartment, thus warming fhe vehicle
comparfment. Then, the coolant out of heater core 90 flows into the first heat exchanger
40 via the coolant passage 167. At the first heat exchanger 40, heat exchange is
performed between the coolant and the hydraulic oil. Then, the coolant returns to the
water pump 60 via the coolant passage 165.

[0045] An automatic transmission fluid (ATF) for lubricating the respective parts and
components in the automatic transmission 10 aﬁd for transmitting the driver power flows |
inside the automatic transmission 10. The hydraulic oil that flows through the
thermo-valve 30 in the first example embodiment is the automatic transmission fluid for
the automatic transmission 10. The automatic transmission 10 is connected to the first
heat exchanger 40 via an oil passage 141.

[0046] The thermo-valve 30 is connected to the automatic transmission 10. The
thermo-valve 30 switches the flow channel of the hydraulic oil from one to the other. The
thermo-valve case 31 is attached to the outside of the automatic transmission 10.

[0047] The thermo-valve 30 is also connected to -the first heat exchanger 40.

Further, the first heat exchanger 40 is connected to the heater core 90 via a coolant



WO 2007/144746 PCT/IB2007/001575
' 12

passage 167. The first heat exchanger 40 performs heat exchange between the coolant
flowing from the heater core 90 and the hydraulic oil for the automatic transmission 10.
The thermo-valve 30 in the first example embodimeﬁt is arranged between the automatic
transmission 10 and the first heat exchanger 40. - |

[0048] The hydraulic oil outlet of the first heat exchanger 40 is connected to an oil
passage 151 via the second output port 146 formed in the thermo-valve case 31. The oil
passage 151 is connected to the second heat exchanger 50. . The second heat exchanger
50 cools the hydraulic oil by means of air-cooling. The hydraulic oil outlet of the
second heat exchanger 50 is connected to the oil passage 152. The oil passage 152 is
connected to the second input pbrt 142 of the thermo-valve 30.

[0049] That is, referring to FIG. 1 and FIG 3, the first input port 144 of the
thermo-valve 30 is connected to the first heat exchanger 40. The second input port 142
of the thermo-valve 30 is connected to the oil passage 152. The first out port 143 of the
thermo-valve 30 is connected to the automatic transmission 10.

[0050] The hydraulic oil flowing inside the automatic transmission 10 discharges out
of the automatic transmission 10, and flows into the first heat exchanger 40 via the oil
passage 141 as indicated by the arrow 103. Then, after the heat exchange is performed
between the hydraulic oil and the coolant at the first heat exchanger 40, the cooled
hydraulic oil enters the thermo-valve 30 via the first input port 144 as indicated by the
arrow 101.

[0051] Thus, the cooled hydraulic oil after passing through the first heat exchanger
40 enters the thermo-valve 30, and returns to the automatic transmission 10 via the
thermo-valve 30 without passing through the second heat exchanger 50. Namely, when
the temperature of the hydraulic oil is low, the second input port 142 of the thermo-valve
30 remains closed, and therefore the hydraulic oil is not circulated through the oil passage
151, the oil passage 152, and the second heat exchanger 50. - That is, when the
temperature of the hydraulic oil s low, the hydraulic oil does not flow out from the second
output port 146 formed in the thermo-valve case 31.

[0052] FIG. 4 is a cross-sectional view showing the thermo-valve 30 in the first
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example embodiment when the temperature of the hydraulic oil entering the
thermo-valve 30 is high. As the temperature of the hydraulic oil 11 that directly enters
the thermo-valve 30 from the first heat exchanger 40 becomes higher, the temperature of
the wax 131 increases due to the heat transferred through the cylinder 36, and thereby the
wax 131 expands accordingly. /

[0053] As the wax 131 éxpaﬁds, the cylinder 36 fnoves relative to the
thermo-element shaft 34 in the direction indicated by the arrow 109. At this time, the
passage closing mémber 135 moves toward the first input port 144, so that the passage
closing member 135 is pressed against the sidewall of the inner space 32 by the biasing
force of the valve spring 133; In this way, the passage closing member 135 is forced
into contact with the opening portion of the first input port 144, and the opening portion
of the first input port 144 is closed. Consequently, the hydraulic oil from the first input
port 144 is prevented from entering the thermo-valve 30.  As indicated by the arrow 104,
the hydraulic oil from the first input port 144 flows toward the second heat exchanger 50
via the second output port 146.

'[0054] The valve spring 133 absorbs excess load that is exerted to the passage
closing member 135 or to the éylinder 36 due to valve overshooting after the firét input
port 144 is blocked in résponse to an increase in the hydraulic oil temperature.

[0055] Meanwhile, as the cylinder 36 moves in the direction indicated by the arrow
109, the passage closing member 136 moves away from the contact portion 31a of the
thermo-valve case 31, so that the second input port 142- opens. As indicated bSr the
arrow 105, the hydraulic oil 12 enters the thermo-valve 30 via the second input port 142.
As indicated by the arrow 102, the hydraulic oil is discharged out of the thermo-vaive 30
via the fi;st'out port 143, and then enters the automatic transmission 10.

[0056] The travel of each of the passage closing member 135 and the passége closing
member 136 changes according to the temperature of the hydraulic oil. Thus, the flow
rates of the hydraulic oil introduced from thé respective input ports may be adjusted as
needed.

[0057] FIG. 5 is a block diagram showing the drive system 1 when the temperature
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of the hydraulic oil is high. Referring to FIG. 4 and FIG. 5, when the temperature of the
hydraulic oil is high, the second input port 142 opens while the first input .port 144 is
blocked. |

[0058] Because the first input port 144 is blocked, the hydraulic oil from the first
heat exchanger 40 does not eﬁter the thermo-vélve 30 directly. That is; the hydraulic oil
from the first heat exchanger 40 flows into the second heat exchanger 50 via the oil
passage 151, as indicated by the arrow 104. At the second heat exchanger 50, the
hydraulic oil is cooled by the ambient air, and the cooled air then flows into the
thermo-valve 30 via the oil passage 152, as indicated by the arrow 105. Then, the
hydraulic oil enters the automatic transmission 10 through the thermo-valve 30.

[0059] Therefore, in the cooling system of the first example embodim;nt, when the
temperature of the hydraulic oil is relatively low, the hydraulic oil flows only through the
first heat exchanger 40 and then returns to the automatic transmission 10. Conversely,
When the temperature of the hydraulic oil is relatively high, the hydraulic oil flows
through both the first heat exchanger 40 andA the second heat exchanger 50, and then
returns to the automatic transmission 10. |

[0060] -When the temperature of the hydraulic oil is low, because the hydraulic oil is
heated promptly up to a normal operation temperature by means of the heat of the engine
coolant, the time that it takes for the temperature of the hydraulic oil to reach a
temperature for starting controls, such as lock-up’control, is reduced. Also, the fuel
economy is improved because the time operated under the condition that the viscosity of
the hydraulic oil is low expands as the temperature of the hydraulic oil increases.
Further, when the temperature of the hydraulic oil is high, the hydraulic oil may be
cooled below an upper limit temperature by being circulated through both of the first heat
exchanger 40 and the second heat exchanger 50.

[0061] When the temperature of the hydraulic oil is intermcdiate, the thermo-valve
30 may be operated by minute strokes repeatedly. Thus, the hydraulic oil cooléd only
by the first heat exchanger 40 and the hydraulic oil cooled by both of ihe first heat

exchanger 40 and the second heat exchanger 50, are mixed in the thermo-valve 30 and
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then discharged from the output pbrt 143. Consequently, the temperature of the
hydraulic oil entering the automatic transmission 10 may be maintainéd substantially
-constant, and thereby the shift performance of the automatic transmission 10 may remain
stable.

[0062] The thermo-valve 30 of the first example embodiment is a mechanical
thermo-valve that controls flow rates of the fluid at two input passages and one output
passage. The thermo-valve 30 of the first example embodiment switches the input flow
channels by employing the lid-shapc; valves. Therefore, valve sliding failures due to
eccentric load of the hydraulic valve, valve sliding failures due to foreign substances
contained in the hydraulic oil, and oil leaks from gaps of the sliding valve, which are
likely to occur in the slide-type valve, may be reduced considerably.

[0063] Referring to FIG. 3, when filling the hydraulic oil externally into the
automatic transmisgion 10 and into the hydraulic circuit for the automatic transmission 10
in the first example embodiment, the hydraulic oil needs to fill up the automatic
transmission 10, the oil passage 141, the first heat exchanger 40, the oil passage 151, the
second heat exchanger 50, the oil passage 152, and the inside of the thermo-valve 30.

[0064] In the first example embodiment, because the hydraulic oil temperature is low
at a room temperature, the second input port 142 of the thermo-valve 30 remains cldsed
as described above. Thus, for example, if the hydraulic oil is fed externally into the
automatic transmission 10, the automatic transmiési_on 10, fhe first heat exchanger 40,
and the' thermo-valve 30 may be filled up with the hydraulic oil, while the oil passage 151,
the second heat exchanger 50, and the oil passage 152 may be not filled up.

[0065] In thfs case, referring to FIG. 5, the oil passage 151, the second heat
exchanger 50, and the oil passage 152 méy be filled up with the hydraulic oil in such a
manner that the hydraulic oil at a higher temperature is fed externally into the automatic

- transmission 10 in a state that the secona input port 142 of the thermo-valve 30 is ope'ne.d
as the temperature of the hydraulic oil is raised. In this way, however, it takes a long
time to fill up the entire hydraulic circuit.

[0066] FIG. 6 is a cross-sectional view showing the thermo-valve 30 when the
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hydraulic oil is fed into the hydraulic circuit in the first example embodiment.

[0067] In the first example embodiment, the hydraulic oil at a lower temperature is
fed into the hydraulic circuit. When the hydraulic oil is fed into the hydraulic circuit,
the end face of the pushing shaft 37 of the shaft 121 is pushed toward the inside of the
thermo-valve case 31 as indicated by the arrow 106 in FIG. 6. At this time, the
thermo-element shaft 34 pressurizes the wax 131 filled in the cyiinder 36, via the back-up
plate 43 and the gasket 35.

[0068] As the wax 131 is bressurized, the cylinder 36 moves toward the first input
port 144 as indicated by the arrow 110, and stops at a predetermined position where the
cylinder 36 reaches when the temperature of the hydraulic oil flowing into the
thermo-valve 30 is high. Also, the passage closing member 135 comes into contact with
the opening portion of the first input port 144, thereby the first input port 144 is blocked.
On the other hand, the passéigc closing member 136 that has blocked the second input
port 142, movés away froni the contact portion 31a of the thermo-valve case 31, thereby
the second input port 142 is opened. As the first heat exchanger 40 is communicated
with the second heat exchangér 50, the hydraulic circuit may be configured by the first
heat exchanger 40, the second heat exchanger 50, and the thermo-valve 30 in sequcnce.i
Here, the direction iﬂdicated by the arrows 106, 110 may be regarded as one example of
“predetermined direction” in the invention.

[0069] When the pushing shaft 37 is pushed inward as described above, the end face
37a of the pushing shaft 37 is seated beyond the insert holes 38a of the protruding portion
38. Then, for example, the pin 139 having an elongated shape as an external member, is
inserted into one of the insert holes 38a. At this time, the cylinder 36 and the shaft 121
is biased toward the outside of the lid body 33 (i.e., the direction opposite to the arrow
106) due to the elastic force of the return spring 132.  Therefore, the end face 37a of the
. pushing shaft 37 comes into contact With the inserted pin 139. Cdnsequently, the
positions of the cylinder 36 and the shaft 121 may be ancﬁored by inserting the pin 139.
That i§, the cylinder 36 may be fixed by inserting the pin 139.

[0070] FIG 7 is a side view of the thermo-valve 30 of the first example
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embodiment as viewed from the direction indicated by the arrow 106 in FIG 6.
Referring to FIG. 7, the pin 139 is inserted into one of the insert holes 38a along the
direction indicated by the arrow 107 after pushing the pushing shaft 37 inward the
thermo-valve 30 such that the end face 37a is seated beyond the insert holes 38a. Thé
pin 139 penetrates the protruding portion 38. Thus, the pushing shaft 37 is prevented
from falling out of the lid body 33 due to the pin 139 penetrating the protruding portion
38. - |

[0071] According to the first example embbdiment, a plurality of the insert holes 38a
are formed in the protruding portion 38 of the lid body 33. Each of the insert holes 38a
is formed to extend in the different direction from the adjacent insert hole 38a. Thus,
the pin 139 may be inserted from various angles, and thereby the working property may
" be improved. |

[0072] By feeding the hydraulic oil into the hydraulic circuit after fixing the shaft
121 by the pin 139, the entire hydraulic circuit in addition to the second heat exchanger
50 may be filled up with the hydraulic oil. For example, by feeding the hydraulic oil at
a low temperature into the automatic transmission 10, the automatic transmission 10 and
the cooling system of the automatic transmission 10 may be filled up with the hydraulic
oil.

[0073] According to the first example embodiment, the entire hydraulic circuit may
be filled up with the hydraulic oil even when the temperature of the hydraulic oil is low.
Thus, the feeding of the hydraulic oil may be performed simply and in a shorter time.

[0074] Further, the thermo-valve 30 of the first example embodiment provides the
aforementioned advantages also when changing the hydraulic oil of the automatic
transmission 10. For example, when discharging the hydraulic oil from the autdmatic
transmission 10 during an oil change, or when feeding the hydraulic oil iﬁto the
automatic transmission 10 during an oil change, the hydraulic oil may also be discharged
from or fed into the automatic transmission 10 simply and in a shorter tirﬁe. .

[0075] In the first example embodiment, the return spring 132 for biasing the

cylinder 36 and the shaft 121 toward the outside of the lid body 33 is provided, and the
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shaft 121 is fixed by the pin 139 that is inserted into one of the insert holes 38a formed in
the protruding portion 38 to be in contact with the end face of the shaft 121. Thus, the
position of the shaft 121 may be easily anchored. Also, because the cylinder 36 as the
valve body is anchored using the removable pin 139, it is possible to anchor the valve
body to the prédetermined position or release the valve body without difficulty.

[0076] Meanwhile, referring to FIG. 6, after feeding the hydraulic oil into the entire
hydraulic circuit, the pin 139 is pulled out. The cylinder 36 returns to the position‘
where the cylinder is seated when the temperature of the hydraulic oil is loW, as shown in
" FIG. 1, due to the elastic force of the return spring 132 as the biasing member, and
thereafter the normal valve operation resumes. |

‘ [0077] In the first example embodiment, the hydraulic oil is fed into the hydraulic
circuit after forcing the cylinder 36 to move to the predetermined position where the
cylinder 36 reaches when the temperature of the hydraulic oil flowing info the
thermo-valve 30 is high. Alternatively, the hydraulic oil may be fed into the hydraulic
circuit in the following procedure: i) a portion of the hydraulic oil is first fed into the
hydraulic circuit in a state that the cylinder 36 is seated when the temperature of the
hydraulic oil is low, and then ii) the rest of the hydraulic oil is fc(i into the hydraulic
circuit in a state that the cylinder 36 is forced to move to the predetermined position.

[0078] Further, in the first example embodiment, the hydraulic oil is fed into the -
hydraulic _circuit in a state that the first input port 144 connected to the first heat
exchanger 40, is blocked. Alternatively, the hydraulic Qil may be fed into the hydraulic
circuit in a state that the cylinder 36 is forced to hold at a middle position. That is, the
hydraulic oil may be fed into the hydraulic circuit in a state that the first input port 144
and the second input port 142 are seiniopen. |

[0079] Further, in the first example embﬁdiment, the shaft 121 is fixed by means of
the pin 139. Alternatively, other forms and structures may be employed as long as the
cylinder 36 as the valve body stops at the predetermined position.

[0080] In the first example embodiment, the shaft 121 inéludes the thermo-element

shaft 34 and the pushing shaft 37. Furthermore, the thermo-element shaft 34 and the
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pushing shaft 37 are different members and joined together. Alternatively, thé
thermo-element shaft 34 and the pushing shaft 37 may be a single member.

[0081] In the first example embodiment, the invention is applied to the hydraulic
circuit for the automatic transmission. However, the invention may be applied to a
thermo-valve in a circuit for other fluid. For example, the invention may be applied to a
heat exchanger for cooling an engine of a motor vehicle by means of a coolant.

[0082] Next, a thermo-valve according to the second example embodiment ofv the
invention will be described with reference to FIG. 8 to FIG. 11. As in the first example
embodiment, a thermo-valve 29 of the second example embodiment is arranged in a
hydraulic circuit for an automatic transmission of a motor vehicle. The thermo-valve 29
of the second example embodiment differs from the thermo-valve 30 of the first example
embodiment in the shaft fixing structure. |

[0083] FIG. 8 is a cross-sectional view showing the thermo-valve 29 of the second
example embodiment when the temperature of the hydraulic oil is low. A case of the
thermo-valve 29 in the second example embodiment has a thermo-valve case 42 and a lid
body 41.

[0084] The thermo-valve 29 has a shaft 122. The shaft 122 includes the
thermo-element shaft 34 aﬁd a pushing shaft 39. The theﬁno-element shaft 34 and the |
pusﬂing shaft 39 are joined together in the second example embodiment.

[0085] The lid body 41 ‘has a concave portion 41a. The concave portion 41a is
formed such that a portion of the pu_sh shaft 39 is exposed to the outside. The sidewall
of the concave portion 41a is threaded. A screw member 140 as a removable member,
may be screwed into the contact portion 31a.

[0086] When the temperature of the hydraulic oil is low, the second input port 142 is
blocked because the passage closing member 136 is in contact with a contact portion 42a.
On the other hand, the first input port 144 is open because the passage closing membér
135 is away from the opening portion of the first input port 144.

[0087] FIG 9 is a side ViCV\;' showing the thermo-valve 29 of the second example

embodiment as viewed from the direction indicated by the arrow 108 in FIG. 8. A side
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face of the lid body 41 is formed to be substantial circular, and a side facé of the concave
« portion 41a is formed _alsb to be substantial circular. The push shaft 39 is arranged
substantially at the center of the concave portion 41a. ;

[0088] FIG. 10 is a cross-sectional view showing the thermo-valve 29 when the
temperature of the hydraulic oil is high. As the temperature of the hydraulic oil
becomes higher, the wax 131 in the cylinder 36 expands accordingly. As the wax 131
expands, the cylinder 36 moves toward the first input port 144, and thereby the; passage
closing member 135 comes to block the opening portion of the first input port 144. | On
the other hand, the passage closing member 136 moves away from the contact portion
31a of the thermo-valve case 31, and thereby the opening portion of the second input port
142 opens. During this time, the shaft 122 does not move, but the cylinder 36 moves
relative to the shaft 122.

[0089] FIG. 11 is a cross-sectional view showing the thermo-valve 29 of the second
example embodiment when feeding the hydraulic oil into the hydraulic circuit including
the thermo-valve 29.

[0090] When feeding the hydraulic oil into the hydraulic circuit, the screw member -
140 is screwed into the concave portion 41a of the lid body 41. As the screw member
140 is screwed into the concave portion 41a, the shaft 122 moves as indicated by the
arrow 108. That is, the shaft 122 is pushed toward the inside of the thermo-valve case
42. Due to movement of the shaft 122, the wax 131 in the cylinder 36 is pressurized via
the gasket 35, and thereby the cylinder 36 moves toward tﬁe first input port 144 as
indicated by the arrow 110.

[0091] Then, the passage closing member 135 blocks the opening portion of the first
input port 144. At this time, on the other hand, the passage closing member 136, moves
away from the contact portion 42a of the thermo-valve case 42, and thereby the second
input port 142 opens. Therefore, when feeding the hydraulic oil into the hydraulic
cbircuit, the cylinder 36 is forced to move to the predetermined position where the
cylinder 36 reaches when the temperature of the hydraulic oil flowing into the

thermo-valve 30 is high even though the temperature of the hydraulic oil is still low. In
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~ the first and second example embodiments, the first input port 144 may be regarded as
one example of “first input passage” in the invention', and the second input port 142 may
be regarded as one example of “second input passage” in the invention.

[0092] In the second example embodiment, when feeding the hydraulic oil into the
hydraulic circuit, the valve body may be forced to move to the predetermined position
even though the temperature of the hydraulic oil is still low, and therefore the oil
passages that are normally open at a higher temperature may also be filled up with the
hydraulic oil.

[0093] In the second example embodiment, the concave portion 41;1 is provided, and
the shaft 122 is pushed inward by means of the screw member 140 that is screwed into
the concave portion 41a. Thus, the cylinder 36 may be ‘moved to the predeterminedl
position without difficulty. Also, the position of the shaft 122 may be finely adjusted by
means of the screw member 140 when feeding the hydraulic oil into the hydraulic circuit.

[0094] Other structures, effects and advantages~in the second example embodiment
are similar to those in the first example embodiment, and therefore they are not described
here again.

[0095] In the respective drawings, like elements and components are denoted by like
numerals. | | |

[0096] While the invention has been described with reference to example
embodiments theréof, it is to be understood that the invention is not limited to the
described embodiment'sl or constructions. To the contrary, the inventioh is intended to
cover various modifications and equivalent arrangements. In addition, while the various
clements of the example embodiments are shoWn in various combinations and
configurations, other combinations and configurations, including more, less or only a

single element, are also within the spirit and scope of the invention.
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CLAIMS
1. A flow channel switching device that is provided in a fluid circuit and switches a
flow channel of a fluid in accordance with the temperature of the fluid, comprises: a case
that includes a plurality of flow passages‘, that is communicated outside; and a valve body
that is formed to move in the case, and switches the flow channel of the fluid in
accordance‘ with the temperature of the fluid, characterized in that:

the valve body'moves to a predetermined position and is fixed by an external member

when the fluid at a low temperature is fed into the fluid circuit.

2. The flow channel switching device according to claim 1, wherein

the external member is removable.

3. The flow channel switching device according to claim 1 or 2, wherein
the plurality of flow passages includes a first input passage that is open when the
temperature of the fluid is low; and a second input passage that is open when the

temperature of the fluid is high, and

the predetermined position is a position in which the valve body is seated when the

first input passage is blocked.

4. The flow channel switching device according to any one of claims 1 to 3, wherein

the fluid circuit is a hydraulic circuit for an automatic transmission.

5. The flow channel switching device according to any one of claims 1 to 3, wherein

the fluid circuit is a coolant circuit for an internal combustion engine.

6. The flow channel switching device according tc claim 3, wherein
the valve body includes first closing means for blocking the first input passage; and
second closing means for blocking the second input passage, and

the second closing means is forced to move when a fluid is fed into the fluid circuit,



WO 2007/144746 PCT/IB2007/001575
23

and the second input passage opens.

7. The flow channel switching device according to any one of claims 3 to 6, further
comprising:

a shaft that supports the valve body such that the valve body moves in a predetermined
direction; and

a wax that is provided in a space surrounded by the valve body and the shaft, the wax
expands and contracts in accord;mce with the temperature of the fluid,

wherein the valve body is moved in the predetermined direction by the wax expanding,

a portion of the shaft is inserted in the valve body while the other portion of the shaft is
exposed to the outside of the case, and

the shaft is suppoﬁed by the case to move in the predet¢nnined direc_tion,

when the fluid is fed into the fluid circuit, the valve body is moved in the
predetermined direction by pushing the shavft‘inward, whereby the first input passage is

blocked and the second input passage is opened.

8. The flow channel switching device according to claim 7, wherein
the shaft is fixed by the external member in a state that the shaft is pushed in the

predetermined direction.

9. The flow channel switching device according to claim 8, further comprising an
biasing member that biases the valve body in a direction opposite to pushing the shaft
inward, and

wherein the external member is a pin having an elongated shape,

the case has an insert hole into which the pin is inserted, and

the pin is inserted into the insert hole in a state that the shaft is pushed inward, whereby

an end face of the shaft contacts with the inserted pin, and the shaft is fixed.

10. The flow channel switching device according to claim 9, wherein
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the case further includes a protruding portion that has a plurality of the insert holes

extending in different directions from the adjacent insert holes.

11. The flow channel switching device according to claim 7 or 8, wherein

the case has a concave portion that is formed to expose the other portion of the shaft to
the outside of the case, |

the external member is a screw mqmber,

the screw member is screwed into the conéave, and

the shaft is pushed in the predetermined direction by screwing the screw member into

the concave portion when the fluid is fed into the hydraulic circuit.

12. A flow channel switching device com_prising:

a case that includes a plurality of flow passages that is communicated outside; and

a valve body that is formed to move in the cas.e, and switches the flow channel of the
fluid in accordance with the temperature of the fluid, the valve body moves to a
predetermined position and is fixed by an external member when the fluid at a low

temperature is fed into a fluid circuit.
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