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DUAL CLUTCH TRANSMISSION HAVING
AREA CONTROLLED CLUTCH COOLING CIRCUIT

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention relates, generally, to duat clutch transmissions and, more
specifically, to duatl clutch transmissions having an area controlied hydraulic circuit
used for governing the flow of cooling fluid provided to each of the two clutches of a

dual clutch transmission.

DESCRIPTION OF THE RELATED ART

Generally speaking, land vehicles require a powertrain consisting of three basic
components. These components include a power plant (such as an internal
combustion engine), a power transmission, and wheels. The power transmission
component is typically referred o simply as the “transmission.” Engine torque and
speed are converted in the transmission in accordance with the tractive-power demand
of the vehicle. Presently, there are two typical transmissions widely available for use in
conventional motor vehicles. These include the manually operated transmission and
the automatic transmission.

Manually operated transmissions include a foot-operated start-up or launch
clutch that engages and disengages the driveline with the power plant and a gearshift
lever to selectively change the gear ratios within the transmission. When driving a
vehicle having a manual transmission, the driver must coordinate the operation of the
clutch pedal, the gearshift lever and the accelerator pedal to achieve a smooth and
efficient shift from one gear to the next. The structure of a manual transmission is
simple and robust and provides good fuel economy by having a direct power
connection from the engine to the final drive wheels of the vehicle. Additionally, since
the operator is given complete control over the timing of the shifts, the operator is able
to dynamically adjust the shifting process so that the vehicle can be driven most
efficiently. One disadvantage of the manual transmission is that there is an interruption
in the drive connection during gear shifting. This results in losses in efficiency. In
addition, there is a great deal of physical interaction required on the part of the operator

to shift gears in a vehicle that employs a manual transmission.
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Automatic transmissions offer ease of operation. The driver of a vehicle having
an automatic transmission is not required to use both hands, one for the steering wheel
and one for the gearshift, and both feet, one for the clutch and one for the accelerator
and brake pedal in order {o safely operate the vehicle. in addition, an automatic
transmission provides greater convenience in stop and go situations, because the
driver is not concerned about continuously shifting gears o adjust to the ever-changing
speed of traffic. Although conventional automatic transmissions avoid an interruption in
the drive connection during gear shifting, they suffer from the disadvantage of reduced
efficiency because of the need for hydrokinetic devices, such as torque converters,
interposed between the output of the engine and the input of the transmission for
transferring kinetic energy therebetween. {n addition, automatic transmissions are
typically more mechanically complex and therefore more expensive than manual
transmissions.

For example, while torque converters provide a smooth coupling between the
engine and the transmission, the slippage of the torque converter results in a parasitic
loss, thereby decreasing the efficiency of the entire powertrain. Further, the torque
converter itself requires pressurized hydraulic fluid in addition to any pressurized fluid
requirements for the actuation of the gear shifting operations. This means that an
automatic transmission must have a large capacity pump to provide the necessary
hydraulic pressure for both converter engagement and shift changes. The power
required to drive the pump and pressurize the fluid introduces additional parasitic
losses of efficiency in the automatic transmission.

In an ongoing attempt to provide a vehicle transmission that has the advantages
of both types of transmissions with fewer of the drawbacks, combinations of the
traditional “manual” and “automatic” transmissions have evoived. Most recently,
"automated" variants of conventional manual fransmissions have been developed which
shift automatically without any input from the vehicle operator. Such automated manual
transmissions typically include a plurality of power-operated actuators that are
controlied by a transmission controller or some type of electronic controf unit (ECU) to
automatically shift synchronized clutches that control the engagement of meshed gear
wheels traditionally found in manual transmissions. The design variants have included

either electrically or hydraulically powered actuators to affect the gear changes.
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However, even with the inherent improvements of these newer automated
transmissions, they still have the disadvantage of a power interruption in the drive
connection between the input shaft and the output shaft during sequential gear shifting.
Power interrupted shifting results in a harsh shift feel that is generally considered tobe
unacceptable when compared to smooth shift feel associated with most conventional
automatic transmissions.

To overcome this problem, other automated manual type transmissions have
been developed that can be power-shifted to permit gearshifts to be made under load.
Automated manual transmissions having two clutches are generally referred to simply
as dual, or twin, clutch transmissions. The dual clutch structure is most often
configured so as to derive power input from a single engine flywheel arrangement.
However, some designs have a dual clutch assembly having different input sources.
Regardiess, the tayout is the equivalent of having two transmissions in one housing,
namely one power transmission assembly on each of two input shafis concomitantly
driving one output shaft. Each transmission can be shifted and clutched independently.
In this manner, uninterrupted power upshifting and downshifting between gears, along
with the high mechanical efficiency of a manual transmission is available in an
automatic transmission form. Thus, significant increases in fuel economy and vehicle
performance may be achieved through the effective use of certain automated manual
transmissions.

While dual clutch transmissions have overcome several drawbacks associated
with conventional fransmissions and the newer automated manual transmissions, it has
been found that controlling and regulating the automatically actuated dual clutch
transmission to achieve the desired vehicle occupant comfort goals is a complicated
matter. There are a large number of events to properly time and execute within the
transmission for each shift to occur smoothly and efficiently. In addition, the clutch and
complex gear mechanisms, working within the close confines of the dual clutch
transmission case, generate a considerable amount of heat. The heat build-up is
aggravated by the nature of the cluich mechanisms themselves, each of which are
typically constructed of two series of plates, or discs, one set connected in some
manner to the output of the engine and the second attached to an input shaft of the

transmission. Each of the set of plates include friction material. The clutch plates and
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discs are pressed together under pressure to a point at which the plates and discs
make a direct physical connection. The clutch may be designed for a full “lock-up” of
the plates and discs, or may be designhed with a certain amount of “limited slip”.
Regardiess, the slipping of the friction plates within a friction type clutch, whether from
a designed limited slip or the normal uncontrolled slipping that occurs during clutch
engagement and disengagement, generates heat that needs to be dissipated. A
considerable amount of heat can be generated in the typical dual cluich transmission
utitizing a combined coaxial clutch assembly wherein the one clutch fits within the
second clutch.

In order to provide sufficient cooling to the clutch assemblies of the conventional
dual clutch transmission, the clutch assemblies are usually bathed in transmission fluid
in a generally uncontrolled manner. While this approach has generally worked for its
intended purpose, disadvantages remain. Specifically, these types of conventional
clutch cooling hydraulic circuits have failed either to adequately provide for proper
cooling and heat reduction of the clutches of the dual clutch transmission or have
resulted in producing large efficiency losses by excessively flooding of the clutch
assemblies with fluid.

Newer approaches in the structure of hydraulic circuits for clutch cooling have
been proposed in the related art that offer improvements, but are still limited in their
cooling capacity. For example, conventional clutch cooling approaches sometimes use
a single hydraulic circuit to supply cooling oil or fluid from the cooler device to the
clutches. This causes the clutches o suffer inadequate and inefficient heat removal.
Furthermore, the inadequacy of these conventicnal hydraulic circuits is also
exaggerated under clutch high loading conditions where excessively high heat is built
up rapidly in the active clutch. These inherently inadequate cooling circuit strategies
lead to shortened component life and ultimate failure of the clutch assembilies within the
dual clutch transmission. Similarly, inadequate cooling is responsible for rapid
breakdown of the physical properties of the transmission fluid, which can cause failure
of the other components within the transmission. Most transmission cooling strategies
are controlled as a function of the fluid pressure provided to the various components.
While this type of strategy has generally worked for its intended purpose, there remains

a need for better control over the cooling fluid while maintaining low cost. Further, the
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conventional hydraulic circuits that excessively flood the cluich assemblies with cooling
fluid also cause unnecessary clutch drag and put excessive demands on the pump
resulting in poor clutch life and lower fuel efficiencies.

Accordingly, there remains a need in the related art for an improved hydraulic
circuit to provide cooling fluid to the clutch assemblies of the dual clutch transmissions.
Specifically, there is a need for a dual clutch transmission having a clutch cooling
circuit wherein the area of the orifices in the valves is opened in a controlled fashion to
provide cooling fiuid to thereby better control the system fluid flow while maintaining low

system cost.

SUMMARY OF THE INVENTION

The disadvantages of the related art are overcome by a dual clutch transmission
having a hydraulic circuit for controlling and cocling the clutches of the dual clutch
transmission. The hydraulic circuit includes a source of pressurized cooling fluid and
first and second fube valves in fluid communication with the source of pressurized fluid.
Each of the first and second lube valves include a valve body and a valve member
maovably supported in the valve body to selectively and independently provide a flow of
cooling fluid to each of the clutches of the transmission. Each of the lube valves further
includes a biasing member that acts on the valve member to bias it to a normally closed
position. First and second control actuators are in fluid communication with a
corresponding one of the first and second lube valves. The first and second control
actuators are adapted {o selectively control the first and second lube valves. Each of
the first and second control actuators is in fluid communication with the source of
pressurized cooling fluid and includes a valve body, a valve member movably
supported by the valve body, and a solenoid. The sclenoid is adapted to move the
valve member of the control actuator to produce a flow area that is an inverse function
of the current delivered to the solenoid and thereby deliver a predetermined control
signal pressure to each of the valve members of the first and second lube valves to
move the lube valve members against the bias of the biasing member to selectively
open the first and second lube valves thereby delivering a controlied, predetermined

amount of cooling fluid to the clutches of the dual clutch transmission.
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in another embodiment, the present invention is directed toward a dual cluich
transmission having a hydraulic circuit inctuding a source of pressurized cooling fluid.
First and seceond lube valves are in fiuid communication with the source of pressurized
fluid. Each of the first and second lube valves includes a valve bedy and a valve
member movably supported in the valve body to selectively and independently provide
a flow of cooling fiuid to each of the clutches of the dual clutch transmission. Each of
the lube valves includes a biasing member that acts on the valve memberto biasitioa
normally closed position and a solenoid. The solenoid is adapted to move the valve
member against the bias of the biasing member to produce a flow area that is an
inverse function of the current delivered to the solenoid to selectively open the firstand
second lube valves thereby delivering a controlled, predetermined amount of cooling
fluid to the clutches of the duatl clutch transmission.

In yet another embodiment, the present invention is directed toward a dual clutch
transmission having a hydraulic circuit for controlling and cooling the clutches of the
dual clutch transmission. The hydraulic circuit includes a source of pressurized cooling
fluid. A lube valve is in fluid communication with the source of pressurized fluid. The
lube valve includes a valve body and a valve member movably supported in the valve
body to selectively provide a flow of cooling fluid to the clutches of the dual clutch
transmission. The lube valve includes a biasing member that acts on the valve member
to bias it to a normally closed position. A control actuator is in fluid communication with
the lube valve and is adapted to selectively control the lube valve. The control actuator
is in fluid communication with the source of pressurized cooling fluid and includes a
valve body, a valve member movably supported by the valve body and a solenoid. The
solenoid is adapted to move the valve member of the control actuator to produce a
control signal pressure from the control actuator that is an inverse function of the
current delivered to the solenoid and to deliver a predetermined amount of pressurized
fiuid to the valve member of the lube valve to move the valve member against the bias
of the biasing member to thereby deliver a controlled, predetermined amount of cooling
fluid through the lube valve. in addition, the hydraulic circuit further includes a cooling
switch valve in fluid communication with the lube valve. The cooling switch valve is
adapted to deliver a controlled, predetermined amount of cooling fluid received from the

lube vaive to alternate ones of the clutches of the dual clutch transmission.
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in yet another embodiment, the present invention is directed toward a duat clufch
transmission having a hydraulic circuit for controlling and cooling the clutches of the
duatl clutch transmission. The hydraulic circuit includes a source of pressurized cooling
fluid. A lube valve is in fluid communication with the source of pressurized fluid. The
lube valve includes a valve body and a valve member movably supported in the valve
body to selectively and independently provide a flow of cooling fluid to each of the
clutches of the dual clutch transmission. The lube valve further includes a biasing
member that acts on the valve member to bias it to a normally closed position and a
solenoid. The solenoid is adapted to move the valve member against the bias of the
biasing member to produce a flow area through the jube valve that is an inverse
function of the current delivered to the solenoid to selectively open the lube valve. In
addition, the transmission includes a cooling switch valve in fluid communication with
the lube valve and alternating ones of the cluiches. The cooling switch valve is
adapted to deliver a controlled, predetermined amount of cooling fluid received from the
lube valve to alternate ones of the clutches of the dual clutch transmission.

Thus, the present invention overcomes the limitations of dual clutch transmission
employing current hydraulic circuits for clutch cooling by providing dual clutch
transmission having a clutch cooling circuit wherein the area of the orifices in the valve
are opened in a controlied fashion to provide cooling fluid to thereby better control the
system fluid flow while maintaining low system cost.

Other objects, features, and advantages of the present invention will be readily
appreciated, as the same becomes better understood after reading the subseguent

description taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of a dual clutch transmission of the type that
may empioy the cluich cooling circuit of the present invention;

Figure 2 is a schematic illustration of one embodiment of the hydraulic cooling
circuit of the present invention for cooling the clutches of a dual clutch transmission;

Figure 3 is a schematic illustration of another embodiment of the hydraulic
cooling circuit of the present invention for cooling the clutches of a dual clutch

transmission; and
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Figure 4 is a schematic illustration of another embodiment of the hydraulic
cooling circuit of the present invention for cooling each of the clutches of a dual cluich
transmission.

Figure 5 is a schematic illustration of another embodiment of the hydraulic
cooling circuit of the present invention for cooling each of the clutches of a dual clutch

transmission.

DETAILED DESCRIPTION

Arepresentative example of the dual clutch transmission of the present invention
is generally indicated at 10 in Figure 1. Specifically, as shown in Figure 1, the dual
clutch transmission 10 includes a dual, coaxial clutch assembly generally indicated at
12, a first input shaft, generally indicated at 14, a second input shaft, generally
indicated at 18, that is coaxial to the first, a counter shaft, generally indicated at 18, an
output shaft 20, a reverse counter shaft 22, a plurality of synchronizers, generally
indicated at 24.

The dual ciutch transmission 10 forms a portion of a vehicle powertrain and is
responsible for taking a torque input from a prime mover, such as an internal
combustion engine, and transmitting the torque through selectable gear ratios to the
vehicle drive wheels. The dual clutch transmission 10 operatively routes the applied
torque from the engine through the dual, coaxial cluich assembly 12 to either the first
input shaft 14 or the second input shaft 16. The input shafts 14 and 16 include a first
series of gears, which are in constant mesh with a second series of gears disposed on
the counter shaft 18. Each one of the first series of gears interacts with one of the
second series of gears to provide the different gear ratios sets used for transferring
torque. The counter shaft 18 also includes a first output gear that is in constant mesh
with a second output gear disposed on the output shaft 20. The plurality of
synchronizers 24 are disposed on the two input shafts 14, 16 and on the counter shaft
18 and are operatively controlied by a plurality of shift actuators {(commonly known, but
not shown in the drawings) to selectively engage one of the gear ratio sets. Thus,
torque is transferred from the engine to the dual, coaxial clutch assembly 12, to one of
the input shafts 14 or 186, to the counter shaft 18 through one of the gear ratio sets, and

to the output shaft 20. The output shaft 20 further provides the output torque to the



(%1

10

15

WO 2009/111220 PCT/US2009/034998

remainder of the powertrain. Additionally, the reverse counter shaft 22 includes an
intermediate gear that is disposed between one of the first series of gears and one of
the second series of gears, which allows for a reverse rotation of the counter shaft 18
and the output shaft 20. Each of these components will be discussed in greater detail
below.

Specifically, the dual, coaxial clutch assembly 12 includes a first clutch
mechanism 32 and a second clufch mechanism 34. The first clutch mechanism 32 is, in
part, physically connected to a portion of the engine flywheel (not shown) and is, in
part, physically attached to the first input shaft 14, such that the first cluich mechanism
32 can operatively and selectively engage or disengage the first input shaft 14 to and
from the flywheel. Similarly, the second clutch mechanism 34 is, in part, physically
connected to a portion of the flywheel and is, in part, physically attached to the second
input shaft 16, such that the second clutch mechanism 34 can operatively and
selectively engage or disengage the second input shaft 16 to and from the flywheel. As
shown in one embodiment illustrated in Figure 1, the first and second cluich
mechanisms 32, 34 are coaxial such that the outer case 28 of the first clutch
mechanism 32 fits inside of the outer case 36 of the second clutch mechanism 34.
Similarly, the first and second input shafts 14, 16 are also coaxial such that the second
input shaft 16 is hollow having an inside diameter sufficient to allow the first input shaft
14 to pass through and be partially supported by the second input shaft 16. it should
be appreciated that the first and second clutch mechanisms 32, 34 may be physically
arranged within the transmission concentrically, rather than the parallel structure
ittustrated in Figure 1. Similarly, the first and second input shafts may be arranged in
parallel relative to one another with clutches side by side.

The first input shaft 14 includes a first input gear 38 and a third input gear 42.
The first input shaft 14 is longer in length than the second input shaft 16 so that the first
input gear 38 and a third input gear 42 are disposed on the portion of the first input
shaft 14 that extends beyond the second input shaft 16. The second input shaft 16
includes a second input gear 40, a fourth input gear 44, a sixth input gear 46, and a
reverse input gear 48. As shown in Figure 1, the second input gear 40 and the reverse
input gear 48 are fixedly supported on the second input shaft 16 and the fourth input
gear 44 and sixth input gear 46 are rotatably supported about the second input shaft 16

9
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upon bearing assemblies 50 so that their rotation is unrestrained unless the
accompanying synchronizer is engaged, as will be discussed in greater detail below.

The counter shaft 18 includes the opposing, or counter, gears to those on the
inputs shafts 14, 16. As shown in Figure 1, the counter shaft 18 includes a first counter
gear 52, a second counter gear 54, a third counter gear 56, a fourth counter gear 58, a
sixth counter gear 60, and a reverse counter gear 62. The counter shaft 18 fixedly
retains the fourth counter gear 58 and sixth counter gear 60, while first, second, third,
and reverse counter gears 52, 54, 56, 62 are supported about the counter shaft 18 by
bearing assemblies 50 so that their rotation is unrestrained unless the accompanying
synchronizer is engaged as will be discussed in greater detail below. The counter shaft
18 also fixedly retains a first drive gear 64 that meshingly engages the corresponding
second driven gear 66 on the output shaft 20. The second driven gear 66 is fixedly
mounted on the output shaft 20. The output shaft 20 extends outward from the
transmission 10 to provide an attachment for the remainder of the powertrain.

The reverse counter shaft 22 is a relatively short shaft having a single reverse
intermediate gear 72 that is disposed between, and meshingly engaged with, the
reverse input gear 48 on the second input shaft 16 and the reverse counter gear 62 on
the counter shaft 18. Thus, when the reverse gears 48, 62, and 72 are engaged, the
reverse intermediate gear 72 on the reverse counter shaft 22 causes the counter shaft
18 to turn in the opposite rotational direction from the forward gears thereby providing a
reverse rotation of the output shaft 20. 1t should be appreciated that all of the shafts of
the dual clutch transmission 10 are disposed and rotationally secured within the
transmission 10 by some manner of bearing assembly such as roller bearings, for
example, shown at 68 in Figure 1.

The engagement and disengagement of the various forward and reverse gears is
accomplished by the actuation of the synchronizers 24 within the transmission. As
shown in Figure 1 in this example of a dual clutch transmission 10, there are four
synchronizers 74, 76, 78, and 80 that are utilized to shift through the six forward gears
and reverse. It should be appreciated that there are a variety of known types of
synchronizers that are capable of engaging a gear to a shaft and that the particular
type employed for the purposes of this discussion is beyond the scope of the present

invention. Generally speaking, any type of synchronizer that is movable by a shift fork
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or tike device may be employed. As shown in the representative example of Figure 1,
the synchronizers are two sided, dual actuated synchronizers, such that they engage
one gear {o its respective shaft when moved off of a center neutralized position to the
right and engage ancther gear to ifs respective shaft when moved to the left.
Specifically with reference to the example illustrated in Figure 1, synchronizer 78 can
be actuated to the left to engage the first counter gear 52 on the counter shaft 18 or
actuated to the right to engage the third counter gear 56. Synchronizer 80 can be
actuated to the left to engage the reverse counter gear 62 or actuated to the right to
engage the second counter gear 54. Likewise, synchronizer 74 can be actuated to the
left to engage the fourth input gear 44 or actuated to the right to engage the sixth input
gear 46. Synchronizer 76 is actuated to the right to directly engage the end of the first
input shaft 14 o the output shaft 20 thereby providing a direct 1:1 (one {o one) drive
ratio for fifth gear. There is no gear set to engage to the left of synchronizer 76. it
should be appreciated that this example of the dual clutch transmission is
representative and that other gear set, synchronizer, and shift actuator arrangements
are possible within the dual clutch transmission 10 as long as the even and odd gear
sets are disposed on opposite input shafts.

It should be further appreciated that the operation of the dual clutch transmission
10 is managed by some type of control device such as an electronic control unit (ECU)
that oversees the functioning of the transmission 10, or by an electronic control unit for
the vehicle in which the dual clutch transmission 10 may be installed. Regardless,
there exists a control device, beyond the scope of this invention, that controls and
operates the dual clutch transmission through a stored control scheme or series of
control schemes of which the present invention is merely a part. The control device
having the capability of providing the proper voltages, signals, and/or hydraulic
pressures to operate the transmission 10 and particularly the clutch engagement
functions. Thus, the control method of the present invention as described below is
merely a portion, such as a sub-routine, or series of sub-routines, of a larger control
scheme within the ECU.

The first and second clutch mechanisms 32 and 34 of the dual cluich assembly
12 are operatively engaged and disengaged in a coordinated manner relative {o the

actuator of the various gear sets by the synchronizer 24 {o selectively transfer torque to
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the output shaft 20. By way of example, if torque is being transferred {o the drive
wheels of the vehicle to initiate movement from a standing start, the lowest, or first,
gear ratio of the dual clutch transmission 10 will likely be engaged. Therefore, as seen
in Figure 1, synchronizer 78 will be driven {o the left to engage the first counter gear 52
to the counter shaft 18 and the first clutch mechanism 32 will be engaged to transfer
torgue from the engine to the output shaft 20 through the first gear set. When vehicle
speed increases and the ECU determines that the conditions require a shift to the
second gear set, synchronizer 80 will first be driven to the right to engage the second
counter gear 54 to the counter shaft 18. Then the second clutch mechanism 34 will be
engaged as the first clutch mechanism 32 is disengaged. in this manner, a powershift,
where no power interruption occurs, is affected. This powershift changeover of the
clutches 32 and 34 occurs for each shift change of the dual clutch transmission 10. As
the inactive clutch (now the on-coming clutch) is engaged, the load applied causes a
surge of power {o be transferred across the clutch with an accompanying generation of
heat from the slip that occurs across the cluich. The temperature of the on-coming
clutch rapidly increases, or spikes, to a point where the clutch plates or the friction
material could be damaged if proper cooling is not provided. Additionally, the heat
build-up, if not properly dissipated, will greatly increase the overall temperature of the
duat clutch transmission 10 and may cause the damaging effects mentioned above.
Simultaneously, while the temperature of the on-coming clutch is sharply rising, the
disengaging, or off-going, clutch will cease transmitting torque. With the removal of the
load, the disengaged clutch will stop generating heat, thus sharply lowering its cooling
requirement.

A hydrautic circuit for controlling and cooling the clutches 32, 34 of the dual
clutch transmission is generally indicated at 110 in Figure 2, where like numerals are
used to designate like components throughout the figures. Generally speaking, the
hydrautic circuit 110 includes a source of pressurized cooling, generally indicated at
112, a main pressure regulator, generally indicated at 114 disposed in fluid
communication with the source of pressurized fluid 112 and adapted to provide a
predetermined set system pressure for the hydraulic circuit 110. In addition, the
hydraulic circuit 110 further includes first and second lube valves, generally indicated at

116 and 118, respectively. The first and second lube valves 116, 118 are similarly
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disposed in fluid communication with the source of pressurized fluid 112. First and
second control actuators, generally indicated at 120, 122, are in fluid communication
with a corresponding one of the first and second lube valves 116, 118, respectively,
and are adapted to selectively control the first and second lube valves, as will be
described in greater detail below. The hydraulic circuit 110 also includes first and
second clutch actuation valves, generally indicated at 124, 126 that are similarly in fluid
communication with the source of pressurized cooling fluid 112. Each of the first and
second clutch actuation valves 124, 126 correspond to one of the two clutches 32, 34 of
the dual clutch transmission and are adapted to provide pressurized fluid to each of the
corresponding ones of the clutches 32, 34 of the duat clutch transmission o actuate the
clutches. Each of these components of the hydraulic circuit 110 illustrated in Figure 2
wilt be described in greater detail below.

The source of pressurized cooling fluid 112 includes a pump 128 that draws the
cooling fluid from a sump 130 through a filter 132 and supplies the pressurized cooling
fluid through a main pressure line 134 to the main pressure regulator 114. A cooling
unit 136 is in fluid communication with the source of pressurized fluid through line 138
and is adapted to exchange heat from the cooling fluid with other media. The heated
cooling fluid passes through the cooling unit, past a restrictor 140, back to the sump
130.

The main pressure regulator 114 maintains the pressure in the regulated line
158 at a predetermined operating pressure, or set point as will be described in greater
detail below. The main pressure regulator 114 is schematically shown in Figure 2 in its
closed position and includes a valve body 142 with a valve member 144 movably
supported within the valve body 142. The main pressure regulator 114 also includes
internal flow passages, generally indicated at 146 and a biasing member 148 which
acts on the valve member 144 to bias it to the right as illustrated in this figure. The flow
passages 146 are shown in left 150, middle 152, and right 154 positions of the valve
member 144. Pressure in the main pressure line 134 is supplied to the right side ofthe
main regulator valve 114 through a flow restrictor 156 that reduces the flow volume but
maintains the applied pressure. With the pump 128 operating, the pressure delivered
to the right side of the main pressure regulator 114 overcomes the spring force of the

biasing member 148 and moves the valve member 144 of the main pressure regulator
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114 to the left from the closed position 154 o the middle operating position 152. Here,
the internal flow passages of the middle operating position 152 allow the main pressure
line to flow into the second priority cooling channel 212. A regulating controt line 160,
shown as a dotted line in Figure 2, provides a controllable biasing force to the left side
of the main pressure reguiator 114. The regulating control line 160 delivers a portion of
the system pressure to the left side of the main pressure regulator 114 under the
control of the line pressure control vailve 162.

The line pressure control valve 162 is electrically operated by an electronic
control unit (ECU) to set the regulated pressure set point within the hydraulic circuit 110
and then to maintain the desired pressure by regulating the output pressure to the set
point. The line pressure control valve 162 supplies a varying portion of the available
main pressure through the regulating line 160 to the main pressure regulator 114 by
regulating a portion of the main pressure that is supplied through the filter 164 to the
valve 162. More specifically, the line pressure control valve 162 is schematically
itlustrated in Figure 2 and includes a valve body 166, a valve member 168 movably
supported by the valve body 166, and a solenoid 170. The solenoid 170 is adapted to
move the valve member 168 of the line pressure control valve 162 {o produce a
regulated pressure that is an inverse function of the current delivered to the solenoid
170 and to deliver a predetermined amount of pressurized fluid to the left side of the
main pressure reguiator 114 through a flow restrictor 172 to assist in moving the valve
member 144 of the main pressure regulator 114 to the closed position and against the
force generated by the line pressure feedback pressure acting on the right side of the
valve member 144 through the flow restrictor 156. In this manner, the line pressure
control valve 162 sets the desired output pressure set point for the main pressure
reguiator 114. The line pressure control vaive 162 then varies the pressure in the
regulating line to maintain the output pressure delivered from the main pressure
reguiator 114 about the desired output pressure set point while accounting for
fluctuations in the output pressure due to downstream pressure changes. Line 174
provides feedback pressure from the regulating control line 160 and delivers it to the
left side of the line pressure control valve 162 as illustrated in Figure 2 o assist in

returning the valve member 168 to its closed position.
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The main pressure regulator 114 also provides controt over rapid increases, or
surges, in the main pressure line. The right position 154 of the main regulator vaive
member 144 opens additional flow passages 146 that not only aliow for the continued
flow of fluid through the main pressure regulator 114 to the regulated line 158 and
second priority cooling, but also aliow a portion of the increased flow to pass to the
suction line 178. The suction line 178 normally remains closed off by the ieft and
middie positions 150, 152 of the main pressure reguiator valve member 144. However,
when a sharp or rapid increase of pressure in the main pressure line 134 drives the
main pressure regulator valve member 144 all the way to the left, a corrective portion of
the flow is fed back to the suction side of the pump 128. As the suction line 178 bleeds
off the surge of excessive pressure flow, the main regulator valve member 144 moves
back to the middle, operative position 152.

The regulated line 158 supplies pressurized fluid to the first and second clutch
actuation valves 124, 126 via actuation line 180 and associated branches 182, 184.
Before reaching each of the first and second clutch actuation valves, the fluid is filtered
at 186. Each of the first and second clutch actuation valves 124, 126 includes a valve
body 188, a valve member 190 movably supported within the valve body 188 and a
solenoid 192. The solenocid 192 is adapted to move the valve member 190 to produce
a flow area through the clutch actuation valves 124, 126 to deliver a predetermined
amount of pressurized fluid to each of the clutches 32, 34 through delivery lines 194,
196, respectively, thereby selectively actuating same. The first and second cluich
actuation valves 124, 126 are controlied by the ECU to selectively engage and
disengage the respective clutch. A valve return line 188 provides a feedback force
through a flow restrictor 200 in a direction opposite to the actuation of the solenoid 192.

Similarly, a valve balance line 202 provides a lesser feedback force through a flow
restrictor 204 on the solenoid side of the valve member 190. Each of the first and
second clutch actuation valves 124, 126 also includes an output filter 206 and a
damper 208 downstream of the cluich actuation valves and in advance of the clutches
to provide a maximum upper limit for the pressure supplied to actuate the cluiches. In
their non-operative mode, each of the first and second clutch actuation valves 124, 126
returns any pressurized fluid to the sump 130. As shown in Figure 1, each of the first

and second clutch actuation valves 124, 126 is shown in its non-operative position.
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As noted above, the first and second lube valves 116, 118 are in fluid
communication with the source of pressurized fluid 112. More specifically, the main
pressure regulator 114 is disposed in fluid communication between the pump 128 and
the first and second iube control valves 116, 118 through flow restrictors 210 via
second priority cooling channels 212. A pressure relief valve 214 is operatively
connected in fluid communication with the lube control valves 116, 118 to provide a
maximum upper limit for the positive pressure provided through the main pressure
reguiator 114 to the cooler and the first and second lube valve via flow restrictor 216.
Each of the first and second lube valves 116, 118 include a valve body 218 and a valve
member 220 movably supported in the valve body 218 to selectively and independently
provide a flow of cooling fluid to each of the clutches 32, 34 of the dual clutch
transmission through respective cooling lines 222, 224. To this end, each of the lube
valves includes a biasing member 225 that acts on the valve member to bias itto a

normally closed position.

As noted above, first and second control actuators 120, 122 are in fluid
communication with a corresponding one of the first and second lube valves 116, 118
and are adapted to selectively control the first and second lube valves. Accordingly,
each of the first and second control actuators 120, 122 is in fluid communication with
the source of pressurized cooling fluid through the regulated line 158 via the main
pressure reguiator 114 and the filters 227. Each of the first and second control
actuators 120, 122 includes a valve body 226, a valve member 228 movably supported
by the valve body 226 and a solenoid 230. The solenocid 230 is adapted to move the
valve member 228 of the control actuator to produce a signal pressure that is an
inverse function of the current delivered to the solenoid 230 and to deliver a
predetermined amount of pressurized fluid through lines 232 and 234 (shown as dotted
lines) to the right side of each of the valve members 220 of the first and second lube
valves 116, 118 (as illustrated in Figure 2). Line 237 provides the feedback pressure
from the pressurized fluid lines 232, 234 and delivers it to the left side of the first and
second control actuators 120, 122 as illustrated in Figure 2 to assist in returning the
valve members 228 to their closed positions. in this way, a controlled signal pressure

is provided to the right hand side of the first and second tube control valves 116, 118to
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move their respective valve members 220 against the bias of the biasing member 225
1o selectively open the first and second lube valves, thereby delivering a controlied,
predetermined amount of cooling fluid to the cluiches of the dual clutch transmission.

In operation, pressurized cooling fluid is supplied by the pump 128 into the main
pressure line 134. This pressurized cooling fluid is regulated by the main pressure
regulator 114 which supplies line pressure through the regulated line 158 to the rest of
the hydrautic circuit 110. The main pressure regulator is controlied by the pressure
control valve 162, which in turn is controlled by the ECU to establish a system
pressure. Similarly, first and second clutch actuation valves 124, 126 are controlied by
the ECU to selectively provide pressurized fluid to the clutches 32, 34 through delivery
lines 194, 196, thereby actuating same. First and second control actuators 120, 122
are similarly controlled by the ECU to provide a predetermined amount of pressurized
fluid which acts on the right hand side of the first and second lube valves 116, 118,
respectively. More specifically, each of the solencids 230 of the first and second
control actuators 120, 122 is adapted to move their respective valve members 228 to
produce a controlled signal pressure that is an inverse function of the current delivered
to the solenoid 230 and to deliver a predetermined amount of pressurized fluid through
lines 232 and 234 to the right side of each of the valve members 220 of the first and
second lube valves 116, 118. This in turn controls the actuation of each of the first and
second lube valves 116, 118 to provide a selected, predetermined amount of cooling
fluid to each of the clutches 32, 34 of the dual clutch transmission.

Anather embodiment of the hydraulic circuit employed for controlling and cooling
the clutches of a dual clutch transmission is generally indicated at 310 in Figure 3,
where like numerals are used to indicate like structure with respect to the hydrautic
circuit illustrated in Figure 2. Thus, the same reference numerals are employed to
designate the same structure as between the two drawings. Additional and different
structure illustrated in Figure 3 is designated with like numerals, increased by 200, with
respect to the structure illustrated in Figure 2. More specifically, the hydraulic circuit
310 illustrated in Figure 3 is substantially similar to the hydraulic circuit 110 illustrated
in Figure 2, except that the first and second control actuators 120, 122 and their
associated pressure delivery lines, filters, flow restrictors and relief valves have been

eliminated in favor of direct-acting first and second lube valves, generally indicated at
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316, 318. Thus, the source of pressurized cooling fluid 112, main pressure regulator
114, first and second clutch actuation valves 124, 126, as well as their associated
filters, flow restrictors, dampers and pressure lines are the same as that illustrated in
Figure 2. Accordingly, each of these components illustrated in Figure 3 has been
labeled with the same reference number as shown in Figure 2.

Like the lube valves 116, 118 illustrated in Figure 2, the first and second lube
valves 316, 318 illustrated in Figure 3 include a valve body 418 and a valve member
420 movably supported in the valve body 418 to selectively and independently provide
a flow of cooling fluid to each of the clutches 32, 34 of the dual clutch transmission
through respective cooling lines 422, 424. To this end, each of the first and second
lube valves includes a biasing member 425 that acts on the valve member 420 to bias it
to a normally closed position and a solenocid 430. The solenoid 430 is adapted to move
the valve member 420 of the respective lube valve 316, 318 {o the left as illustrated in
Figure 3 against the biasing force of the biasing member 425 so as to produce a flow
area through the respective lube valve that is function of the current delivered {o the
solenoid 430 and to deliver a predetermined amount of pressurized fluid through lines
422, 424 to the clutches 32, 34 of the dual clutch transmission. The actuation of the
solenoid 430 is controlled by the ECU.

Another embodiment of a hydraulic circuit employed for controlling and cooling
the clutches of a dual clutch transmission is generally indicated at 510 in Figure 4,
where like numerals are used to designate like structure with respect to the hydraulic
circuit Hlustrated in Figure 2. Thus, the same reference numerals are employed to
designate the same structure as between these two drawings. Additicnal and different
structure iltustrated in Figure 4 is designated with like numerals increased by 400 with
respect to the structure illustrated in Figure 2. More specifically, the hydraulic circuit
510 illustrated in Figure 4 is substantially similar to that illustrated in Figure 2, except
that the second controf actuator 122 and the second lube valve 118 as well as the
associated pressure delivery lines, filters, and flow restrictors have been eliminated in
favor of a single lube valve 516 that is controlled by a single control actuator 520 that
both cooperate in conjunction with a cooling switch valve, generally indicated at 523.
Thus, the source of pressurized cooling 112, the main pressure regulator 114, first and

second clutch actuation valves 124, 126 as well as the associated filters, flow
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restrictors, relief valves and pressure lines are the same as that iliustrated in Figure 2.
Accordingly, each of these components illustrated in Figure 4 have been labeled with
the same reference numbers as shown in Figure 2. Moreover, the lube valve 516 and
control actuator 520 iliustrated in Figure 4 operate in the same way with respect fo one
another and the other components illustrated in Figure 4 as the first lube valve 116 and
first control actuator 120 illustrated in Figure 2.

Like the lube valve 116 illustrated in Figure 2, the lube valve 516 illustrated in
Figure 4 includes a valve body 618 and a valve member 620 movably supported in the
valve body 618 to selectively and independently provide a flow of cooling fluid to each
of the clutches 32, 34 of the dual clutch transmission through the cooling switch valve
523 via cooling line 622. To this end, the lube valve 516 includes a biasing member
625 that acts on the valve member 620 {o bias it to a normaliy closed position.

The cooling switch valve 523 receives cooling fluid delivered through the lube
valve 516 and selectively directs this cooling fluid to one or cther of the dual clutches
32, 34 of the transmission. To this end, the cooling switch valve 523 includes a vaive
body 525 and a valve member 527 movably supported within the valve body 525. The
cooling switch valve 523 is effectively controlied by the actuation of the clutch actuation
valves 124, 126. Thus, the majority of pressurized cooling fluid is delivered to the
respective clutch upon its actuation of the associated clutch actuation valve 124, 126.
To this end, the cooling switch valve 523 receives a pressure bias on the right side of
the valve member 527 as illustrated in Figure 4 via line 528 delivered from the cluich
actuation valve 124 through line 194 to direct cooting fluid through the cooling swiich
valve 523 and line 543 to the clutch 34. Simitarly, upon actuation of the clutch
actuation valve 126 the cooling switch valve 523 receives a bias on the left side of the
valve member 527 via line 531 from pressure line 196 to selectively provide
pressurized cooling fluid through the cooling switch valve 523 and line 545 to the
second clutch 32 of the dual clutch transmission. A biasing member 533 biases the
valve member 527 to the normally closed position and to the right as illustrated in
Figure 4. A selected amount of cooling fluid may also be supplied from the lube valve
516 to each of the cluiches 32, 34 through lines 535, 537 and flow restrictors 539, 541

independent of the clutch actuation valves 124, 126.
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Like the first control actuator 120 illustrated in Figure 2, the control actuator 520
itustrated in Figure 4 is in fluid communication with the source of pressurized cooling
through the regulated line 158 via the main pressure requlator 114 and the filter 227.
The controt actuator 520 includes a valve body 626, a valve member 628 movably
supported by the valve body 626 and a solenoid 630. The solenoid 630 is adapted to
move the valve member 628 of the control actuator 520 to produce a flow area through
the control actuator that is an inverse function of the current delivered through the
solenoid 630 and to deliver a predetermined amount of pressurized fluid through line
632 (shown as a dotted line) to the right side of the valve member 620 of the lube valve
616 (as illustrated in Figure 4).

In this way, a controlled amount of cooling fluid is provided to the right hand side
of the lube valve 516 {0 move its valve member 620 against the bias of the biasing
member 825 to selectively open the valve, thereby delivering a controlled
predetermined amount of cooling fiuid to the cooling switch valve 523. The operation of
the cooling switch valve 523 is effectively controlled by the actuation of the cluich
actuation valves 124, 126 to selectively provide cooling fluid to the cluich that is

actuated at any given time.

Another embodiment of the hydraulic circuit employed for controlling and cooling
the clutches of a dual clutch transmission is generally indicated at 810 in Figure 5,
where like numerals are used to indicate like structure with respect to the hydraulic
circuit Hlustrated in Figure 2. Thus, the same reference numerals are employed to
designate the same structure as between the two drawings. Additional and different
structure fllustrated in Figure 5 is designated with like numerals, increased by 700, with
respect to the structure illustrated in Figure 2. More specifically, the hydraulic circuit
810 illustrated in Figure © is substantially similar to the hydraulic circuit 1106 illustrated
in Figure 2, except that the first and second control actuators 120, 122 and their
associated pressure delivery lines, filters, and flow restrictors have been eliminated in
favor of a direct-acting lube valve, generally indicated at 816 that cooperates with a
cooling switch valve 823. Thus, the source of pressurized cooling fluid 112, main
pressure regulator 114, first and second clutch actuation valves 124, 126, as well as

their associated filters, flow restrictors and pressure lines are the same as that

20



(%1

10

15

WO 2009/111220 PCT/US2009/034998

itustrated in Figure 2. Accordingly, each of these components illustrated in Figure 5
has been labeled with the same reference number as shown in Figure 2.

Like the lube valves 116, 118 illustrated in Figure 2, the lube valve 816
illustrated in Figure 5 include a valve body 918 and a valve member 920 movably
supported in the valve body 918 to selectively and independently provide a flow of
cooling fluid to each of the clutches 32, 34 of the dual clutch transmission through the
cooling switch valve 823 via cooling line 922. To this end, the lube valve 816 includes
a biasing member 925 that acts on the valve member 820 to bias it to a normally closed
position and a solenoid 930. The solenoid 830 is adapted to move the valve member
920 of the respective {ube valve 816 to the left as illustrated in Figure 5 so as to
produce a flow area through the ube valve 816 that is'an inverse function of the current
delivered to the solenoid 930 and to deliver a predetermined amount of pressurized
fluid through lines 922 to the cooling switch valve 823.

The cooling switch valve 823 receives cooling fluid delivered through the lube
valve 816 and selectively directs this cooling fluid to one or other of the dual clutches
32, 34 of the transmission. To this end, the cooling switch valve 823 includes a valve
body 825 and a valve member 827 movably supported within the valve body 825. The
cooling switch valve 823 is effectively controlied by the actuation of the clutch actuation
valves 124, 126. Thus, the majority of pressurized cooling fluid is delivered to the
respective clutch upon its actuation of the clutch actuation valves 124, 126. To this
end, the cooling switch valve 823 receives a pressure bias on the right side of the valve
member 827 as illustrated in Figure 5 via line 829 delivered from the cluich actuation
valve 124 through line 194 {o direct cooling fluid through the cocling switch valve 823 {o
the clutch 34 via pressure line 843. Similarly, upen actuation of the clutch actuation
valve 126 the cooling switch valve 823 receives a bias con the left side of the valve
member 827 via line 831 from pressure line 196 {o selectively provide pressurized
cooling fluid to the second clutch 32 of the dual clutch transmission via pressure line
845. A biasing member 833 biases the valve member 827 to the normally closed
position and to the right as illustrated in Figure 5. A selected amount of cooling fluid
may also be supplied from the lube valve 816 to each of the cluiches 32, 34 through

lines 835, 837 and flow restrictors 839, 841 independent of the clutch actuation valves
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124, 126. Flow restrictors 839, 841 stabilize the applied volume of cooling fluid and
prevent surges of cooling fluid to the clutches as the supply flow is regulated.

In this way, the solenoid 930 acts on the right hand side of the lube valve 816 to
move its valve member 920 against the bias of the biasing member 925 {o selectively
open the valve, thereby delivering a controlled predetermined amount of cooling fluid to
the cooling switch valve 823. The operation of the cooling switch valve 823 is
effectively controlled by the actuation of the clutch actuation valves 124, 126 to
selectively provide cooling fluid to the clutch that is actuated at any given time.

it should also be appreciated that other routing arrangements may also be
employed without departing from the scope of the present invention. Furthermore, the
cooling unit 136 may be a heat exchanger physically disposed outside of the
transmission and exposed to an air stream to allow heat to transfer from the cooling
fluid to the air stream. The cooling unit may also be outside of the transmission and
physically disposed within another heat exchanger within the vehicle, such as the
vehicle’s main radiator so that the cooling unit is exposed {o the liquid media of the
radiator to allow heat to transfer from said cooling fluid to the liquid media.

Thus, the present invention overcomes the limitations of dual clutch transmission
employing current hydraulic circuits for cluich cooling by providing dual clutch
transmission having a clutch cooling circuit wherein the area of the orifices in the valve
are opened in a controlled fashion to provide cooling fluid to thereby better control the
system fluid flow while maintaining low system cost.

The invention has been described in an illustrative manner. It is to be
understood that the terminology that has been used is intended o be in the nature of
words of description rather than of limitation. Many modifications and variations of the
invention are possible in light of the above teachings. Therefore, within the scope of

the claims, the invention may be practiced other than as specifically described.
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CLAIMS

1. A dual clutch transmission (10) having a hydraulic circuit {(110) for
controlling and cooling the clutches (32, 34) of the dual clutch transmission, said dual
clutch transmission (10) including:

a hydraulic circuit (110) having a source of pressurized cooling fluid (112),

first and second lube valves (116, 118) in fluid communication with said source
of pressurized fluid (112), each of said first and second lube valves including a valve
body (218) and a valve member (220) movably supported in said valve body to
selectively and independently provide a flow of cooling fluid to each of the clutches (32,
34} of the dual clutch transmission with each of said lube valves (116, 118) including a
biasing member (225) that acts on said valve member (220) to bias it to a normally
closed position; and

first and second control actuators (120, 122) in fluid communication with a
corresponding one of said first and second lube valves (116, 118) and adapted to
selectively control said first and second lube valves, each of said first and second
control actuators in fluid communication with said source of pressurized cooling fluid
(112) and including a valve body (226}, a valve member (228} movably supported by
said valve body and a solenoid (230), said solenoid adapted to move said valve
member (228) of said control actuator to produce a signal pressure that is an inverse
function of the current delivered to said solenoid (230) and to deliver a predetermined
control signal pressure {o each of said valve members (220) of said first and second
lube valves (1186, 118) to move said valve members against the bias of said biasing
member (225} to selectively open said first and second lube valves thereby delivering a
controlied, predetermined amount of cooling fluid to the clutches (32, 34) of the dual

clutch transmission (10).

2. The dual clutch transmission (10) as set forth in claim 1 further including
first and second clutch actuation valves (124, 126) in fluid communication with said
source of pressurized cooling fluid (112) and a corresponding one of the two clutches

of the dual ciutch transmission, each of said first and second clutch actuation vaives
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(124, 126) adapted to provide pressurized fluid to each of a corresponding one of the

clutches of a dual clutch transmission to actuate same.

3. The dual clutch tfransmission (10} as set forth in claim 1 further including a
main pressure reguiator (114) in fluid communication with said source of pressurized
fluid (112) and adapted to provide a predetermined set system pressure for said

hydraulic circuit {(110).

4. The dual clutch transmission (10) as set forth in claim 3 wherein said main
pressure reguiator (114) is disposed in fluid communication between said source of
pressurized cooling fluid (112) and said first and second lube control valves (116, 118)

and said first and second control actuators (120, 122).

5. A dual clutch transmission (10) having a hydraulic circuit (310) for
controlling and cooling the clutches (32, 34) of the dual clutch transmission, said dual
clutch transmission (10) including:

a hydraulic circuit (310) including a source of pressurized cooling fluid {112);

first and second lube valves (316, 318) in fluid communication with said source
of pressurized fluid (112), each of said first and second lube valves (316, 318) including
a valve body (418) and a valve member (420) movably supported in said valve body o
selectively and independently provide a flow of cooling fluid to each of the clutches (32,
34} of the dual clutch transmission with each of said lube valves including a biasing
member (425) that acts on said valve member {(420) {c bias it to a normally closed
position and a solenoid {430), said solenoid adapted to move said valve member (420)
against the bias of said biasing member to produce a flow area through said lube valve
that is an inverse function of the current delivered to said solenoid (430) to selectively
open said first and second lube valves (316, 318) thereby delivering a controlied,
predetermined amount of cooling fluid to the clutches (32, 34) of the dual cluich

transmission (10).
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6. The dual clutch transmission (10) as set forth in claim 5 further including
first and second cluich actuation valves (124, 126) in fluid communication with said
source of pressurized cooling fluid (112) and a corresponding one of the two clutches
(32, 34) of the dual clutch transmission, each of said first and second clutch actuation
valves (124, 126) adapted to provide pressurized fluid to each of a corresponding one

of the cluiches of a dual clutch transmission to actuate same.

7. The dual clutch tfransmission (10) as set forth in claim 5 further including a
main pressure regulator (114) in fluid communication with said source of pressurized
fluid (112) and adapted to provide a predetermined set system pressure for said

hydrautlic circuit (310)}.

8. The dual clutch transmission (10) as set forth in claim 7 wherein said main
pressure reguiator (114) is disposed in fiuid communication between said source of

pressurized cooling fluid (112) and said first and second lube valves (316, 318).

9. A dual clutch transmission (10} having a hydraulic circuit (510) for
controliing and cooling the clutches (32, 34) of the dual clutch transmission, said dual
clutch transmission including:

a hydraulic circuit (510) having a source of pressurized cooling fluid (112);

a lube valve (516) in fluid communication with said source of pressurized fluid
(112), said lube valve including a valve body (518) and a valve member (520) movably
supported in said valve body (618) o selectively provide a flow of cocling fluid to the
clutches (32, 34) of the dual clutch fransmission, said lube valve (516) including a
biasing member (625) that acts on said valve member (620) {o bias it to a normally
closed position;

a control actuator (520} in fluid communication with said tube valve (516) and
adapted to selectively control said lube valve, said control actuator (520} in fluid
communication with said source of pressurized cooling fluid (112) and including a valve
body (626), a valve member (628) movably supported by said valve body (626) and a
solenoid (630), said solenoid (630) adapted to move said valve member (628) of said

control actuator to produce a control signal pressure from said control actuator that is
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an inverse function of the current delivered {o said solenoid (630) and to deliver a
predetermined amount of pressurized fluid to said valve member of said lube valve
(516) to move said valve member (620) against the bias of said biasing member (625)
to thereby deliver a controlled predetermined amount of cooling fluid through said lube
valve (516); and

a cooling switch valve (523} in fluid communication with said lube vaive (516),
said cooling switch valve adapted to deliver a controlled, predetermined amount of
cooling fluid received from said lube valve (516) to alternate ones of the clutches (32,

34) of a dual clutch transmission.

10.  The dual cluich transmission (10) as set forth in claim 9 further including
first and second clutch actuation valves (124, 126) in fluid communication with said
source of pressurized cooling fluid (112) and a corresponding one of the two clutches
(32, 34) of the dual clutch transmission, each of said first and second cluich actuation
valves {124, 126) adapted to provide pressurized fluid to each of a corresponding one

of the cluiches of a dual clutch transmission to actuate same.

11.  The dual clutch transmission (10) as set forth in claim 9 wherein said
cooling switch valve (523) includes a valve body (525) and a valve member (527)
movably supported in said valve body (525), said cooling switch valve (523) being

controlied by the actuation of said clutch actuation valves (124, 126).

12.  The dual clutch transmission {10} as set forth in claim 11 wherein said
cooling switch valve (523} receives a pressure bias on one side of said valve member
(527) delivered by said first clutch actuation valve (124) to bias the valve member (527)
s0 as to provide direct cooling fluid through said cooling switch valve to one of the

clutches of the dual clutch transmission.
13.  The dual clutch transmission as set forth in claim 12 wherein said cooling

switch valve (523) is adapted to receive a bias on the opposite side of said valve

member (527} delivered from the second clutch actuation valve (126) to direct cooling
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fluid through the cooling switch valve (523) to the other clutch of the dual cluich

transmission.

14. A dual cluich transmission (10) having a hydraulic circuit (810) for
controliing and cooling the clutches (32, 34) of the dual clutch transmission, said dual
clutch transmission including:

a hydraulic circuit (810) including a source of pressurized cooling fluid {112);

a iube valve (816) in fluid communication with said source of pressurized fluid
(112), said lube valve including a valve body (918) and a valve member (820) movably
supported in said valve body to selectively and independently provide a flow of cooling
fluid to each of the clutches (32, 34} of the dual clutch transmission, said lube valve
(816) further including a biasing member (825) that acts on said valve member (920} o
bias it to a normally closed position and a solenoid {930), said solenocid adapted to
move said valve member (820} against the bias of said biasing member {925) to
produce a flow area through said lube valve that is an inverse function of the current
delivered to said solenoid (920) to selectively open said lube valve (816); and

a cooling switch valve (823) in fluid communication with said lube valve (816),
said cooling switch valve (823) adapted {o deliver a controlled, predetermined amount
of cooling fluid received from said lube valve (816) to alternate ones of the clutches (32,

34) of a dual clutch transmission.

15.  The dual clutch transmission {(10) as set forth in claim 14 further including
first and second clutch actuation valves (124, 126) in fluid communication with said
source of pressurized cooling fluid (112) and a corresponding one of the two clutches
(32, 34) of the dual clutch transmission, each of said first and second cluich actuation
valves (124, 126) adapted to provide pressurized fluid to each of a corresponding one

of the cluiches of a dual clutch transmission to actuate same.

16.  The dual clutch transmission (10) as set forth in claim 14 wherein said
cooling switch valve (823) includes a valve body (825) and a valve member (827)
movably supported in said valve body (825), said cooling switch valve (823) being

controlied by the actuation of said clutch actuation valves (124, 126).
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17.  The dual clufch transmission (10} as set forth in claim 16 wherein said
cooling switch valve (823} receives a pressure bias on one side of said valve member
(827) delivered by said first clutch actuation valve (124) to bias the valve member (827)
so as to provide direct cooling fluid through said cooling switch valve (823} to one of

the clutches of the dual clutch transmission.

18.  The dual cluich transmission (10) as set forth in claim 17 wherein said
cooling switch valve (823) is adapted to receive a bias on the opposite side of said
valve member (827) delivered from the second clutch actuation valve (128) to direct
cooling fiuid through the cooling switch valve (823) to the other clutch of the dual clutch

transmission.

19.  The dual clutch transmission (10} as set forth in claim 14 further including
a main pressure regulator (114) in fluid communication with said source of pressurized
fluid and adapted to provide a predetermined set system pressure for said hydraulic
circuit (810).

20.  The dual clutch transmission (10) as set forth in claim 19 wherein said

main pressure regulator (114) is disposed in fluid communication between said source

of pressurized cooling fluid (112) and said lube control valve (816).

23



PCT/US2009/034998

S\

WO 2009/111220

b
95 zs 86
C HS ) ¥ /\. ® P NE A,/ 05 08 \S
0
5 o) ) B\ o
_ __u_u ._”__ _ . od Oo - \Iwﬂ
o w
° ° 550
ER =u
(o O] __[OIN; D9I= 6
[
== v}
L A |
o] ( (Slol o =10
P =La\ET NN DAN [Puz] / gp [] 91 . .\W
9L 89 \[P%] \. X )
€ g m 7 e
éis 14 or Nm\& e



PCT/US2009/034998

WO 2009/111220

¢ OId

opr sk TS %\/

|u/ 4174

88T 86l omﬁ 8«

9€L 8TL } A
LD )fmw | ~/
1000 ger T
L 8€T |p |
(] ) |
4 ONI100D
45 VONTION) s W/\L_/ PIT
( (444 44 |
w\a 44 |
>M |
ST L VJI\_/%H
; \__
0ce 17 |
\,\Na “ I ) ¥4
81z~ S| st
s A SN 7
= | T
o XA |
4] 4]} —~0GT
: j R 710%
- TT | T 871
oL - O
IIIIIIIIIIIIIIIIIIIIIIIII L
2! SH 0o1— 0L



PCT/US2009/034998

3/5

WO 2009/111220

0€T— _ _
OFT |V AVES %\/Nﬂ

m .UH..H 9¢1 wNH)Km _
|
I Y1000 TN m_
L 8ET |
= INITO0I L _
{
VONII00) (] .WW\L_/EN
RGN s A I (4 |
| ~ ST~ _
oﬁ\/\. 81 ;_, NG WA VT//_r\m%
W i 1O ) NP
1]% 8LV ocv |
C = .
ot/ S
Al
[ |
0ET 4 = i
— 01
Sl
W T YT T W |
| |
| |

~_/



PCT/US2009/034998

WO 2009/111220

7O

CA
(B

> e AVidS
12 ¢ %\/

~_/

\ LINE \ - \\\T\

o¢1 wNH |

DI ,Mw |

31000 %ﬂ_ _

7|

TONTIO0) |

VONIO®) | [ ~S¥S — L€

€S ——1¥9

1 TONII00 |



PCT/US2009/034998

5/5

WO 2009/111220

A AVEAVHIS
1] 2 ¢ %\/

) [ | oL \ wNH | ~/Cll
|
01D 100 EE _
4| o
[ONTI00) |
acT VONTOOD | |_~S¥8 —LE8
e 2y - [ ——118
NN I1€8— & LONIIO \
1Y \\Ll_ aes
( |
L
A 6e
5
|
| _ o143
. 8L
|
< _
~ _
ANV | |
|
—
||||| I“,||||_
IIIIIIIIIIIIIIIIIIIIIII L /\/




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2009/034998

A. CLASSIFICATION OF SUBJECT MATTER

F16H 3/091(2000.01)i, F16H 3/08(2006.01)i, B60K 17/02(2006.01)i, F16H 57/04(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC 8: F16H 3/091, F16H 3/08, B60K 17/02, F16H 57/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility Models since 1975
Japanese Utility Models and applications for Utility Models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKIPASS (KIPO internal) & keywords: "dual clutch", "transmission", "hydraulic circuit", "cooling fluid", "lube valve"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2006-0009326 A1 (STEFINA) 12 January 2006 1-20
See the abstract; Figs. 1 and 2; paragraphs [0034]-[0060].

A US 7311187 B2 (KOENIG et al.) 25 December 2007 1-20
See the abstract; Figs. 1-4; column 6, line 36 - column 15, line 44.

A EP 1703178 A2 (BORGWARNER INC.) 20 September 2006 1-20
See the abstract; Figs. 1-5; paragraphs [0029]-[0048].

A EP 1788288 A2 (EMMERT et al.) 23 May 2007 1-20
See the abstract; Fig. 1; paragraphs [0020]-[0028].

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
17 AUGUST 2009 (17.08.2009) 18 AUGUST 2009 (18.08.2009)
Name and mailing address of the ISA/KR Authorized officer -
' Korean Intellectual Property Office 1
Government Complex-Daejeon, 139 Seonsa-ro, Seo- YANG Kyung Jinn
. gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8556

Form PCT/ISA/210 (second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2009/034998

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2006-0009326 A1 12.01.2006 None

Us 07311187 B2 25.12.2007 EP 1614920 A1 11.01.2006
EP 1614920 B1 07.05.2008
JP 2006-022954 A 26.01.2006
KR 10-2006-0049939 A 19.05.2006
US 2006-0006042 A1 12.01.2006
US 2006-0006043 A1 12.01.2006

EP 1703178 A2 20.09. 2006 JP 2006-258293 A 28.09.2006
KR 10-2006-0101321 A 22.09.2006
US 07431043 B2 07.10.2008
US 2006-0207655 A1 21.09.2006

EP 1788288 A2 23.05.2007 CA 2566115 A1 16.05.2007
JP 2007-139188 A 07.06.2007
US 07401465 B2 22.07.2008
US 2007-0107421 A1 17.05.2007

Form PCT/ISA/210 (patent family annex) (July 2008)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report

