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ing a coil (62), flux core (68), an armature (84), a valve body (30) associ-
i ated with the solenoid (56), the valve body (30) having a valve bore (32)
/ with at least one first fluid port (38) and at least one second fluid port (40),
at least one vent channel (86, 87) connecting an inside diameter of the flux
core (68) to the at least one second fluid port (40). The valve bore (32) also
has a tirst diameter, a second diameter greater than the first diameter, and a
1—36 valve seat (37) disposed between the first diameter and the second diame-
ter. The solenoid-actuated valve (26) further includes a valve member (42)
axially and slidingly disposed within the valve bore (32), the valve member
(42) having a shaft (45) guided by the second diameter to assure alignment
of the valve member (42) to the valve seat (37), and a valve element (44)
that interfaces with the valve seat (37) for controlling fluid flow between
the ports (38, 40).
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ON-OFF SOLENOID-ACTUATED VALVE FOR FAST FILL OF
ACCUMULATOR FOR AUTOMATIC TRANSMISSIONS

BACKGROUND OF INVENTION

1. Field of Invention

[0001] The present invention relates generally to automatic transmissions and, more
specifically, to an on-off solenoid-actuated valve for fast fill of an accumulator for an

automatic transmission.

2. Description of the Related Art

[0002] Conventional vehicles known in the art typically include an engine having a
rotational output as a rotational input into a transmission such as an automatic transmission.
The engine generates the rotational output which is selectively translated to the transmission
which, in turn, translates rotational torque to one or more wheels. The transmission changes
the rotational speed and torque generated by the engine through a series of predetermined
gearsets, whereby changing between the gearsets enables a vehicle to travel at different
vehicle speeds for a given engine speed.

[0003] In addition to changing between the gear sets, the automatic transmission is
also used to modulate engagement with the rotational output of the engine, whereby the
transmission can selectively control engagement with the rotational output of the engine so as
to facilitate vehicle operation. By way of example, torque translation between the rotational
output of the engine and the input into the automatic transmission is typically interrupted
while the vehicle is parked or idling, or when the transmission changes between the gearsets.
In conventional automatic transmissions, modulation is achieved via a hydrodynamic device

such as a hydraulic torque converter. However, modern automatic transmissions may replace
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the torque converter with one or more electronically and/or hydraulically actuated clutches
(sometimes referred to in the art as a “dual clutch” automatic transmission). Automatic
transmissions are typically controlled using hydraulic fluid and a hydraulic system including
a pump assembly, a valve housing having one or more solenoid-actuated valves, and an
electronic controller. The pump assembly provides a source of fluid power to the solenoid-
actuated valves of the valve housing which, in turn, are actuated by the controller so as to
selectively direct hydraulic fluid throughout the automatic transmission to control modulation
of rotational torque generated by the rotational output of the engine. The solenoid-actuated
valves are also typically used to change between the gear sets of the automatic transmission,
and may also be used to control hydraulic fluid used to cool and/or lubricate various
components of the transmission in operation.

[0004] In a stop-start compatible vehicle system, the automatic transmission is
required to be ready to launch the vehicle as a response to the operator’s accelerator input
without delay. Since conventional automatic transmissions are powered by a mechanical oil
pump driven by the engine, the transmission hydraulic circuit is not pressurized until the
engine is running at a steady state condition, which results in late response to the operator’s
accelerator pedal input in a stop-start event. As one solution to this problem, stop-start
compatible automatic transmissions are often equipped with its own hydraulic power source.

[0005] One solution that has proved feasible and applied to mass production vehicles
is in the form of a stop-start accumulator system. This system requires a hydraulic
accumulator to store hydraulic energy for the hydraulic system used in the automatic
transmission and a valve that is low leak to store the energy during engine stop and fast
response to discharge the energy into the transmission hydraulic system faster than the

vehicle operator accelerator pedal input.
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[0006] Accordingly, it is desirable to provide a solenoid-actuated valve to assist an
automatic transmission in stop/start vehicle applications by actively filling and controlling a
discharge of the accumulator when commanded. Due to the increasing number of stop/start
events and decreasing oil pump capacity for fuel efficiency improvements, it is desirable to
provide a solenoid-actuated valve that is robust for actively controlling a fill and discharge

when commanded.

SUMMARY OF THE INVENTION

[0007] The present invention provides a solenoid-actuated valve for use in controlling
fluid flow to and from an accumulator used in an automatic transmission during stop/start
engine events of a vehicle including a solenoid including a coil, flux core, and an armature
for generating an axial actuation force. The solenoid-actuated valve also includes a valve
body connected to and operatively associated with the solenoid, the valve body having a
valve bore extending axially and at least one first fluid port for fluid communication between
the valve bore and the accumulator and at least another second fluid port for fluid
communication between the valve bore and a hydraulic control system of the automatic
transmission. The solenoid-actuated valve also includes at least one vent channel connecting
an inside diameter of the flux core to the at least one second fluid port. The valve bore has a
first diameter and a second diameter with the first diameter being greater than the second
diameter, and a valve seat disposed between the first inside diameter and the second inside
diameter. The solenoid-actuated valve further includes a valve member axially and slidingly
disposed within the valve bore, the valve member having a shaft guided by the second
diameter of the valve body to assure alignment of the valve member to a seat of the valve
body, and a valve element that interfaces with the seat for controlling fluid flow from the first

fluid port of the valve body to the second port of the valve body.
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[0008] One advantage of the present invention is that a new on-off solenoid-actuated
valve is provided for fast fill of a hydraulic accumulator for an automatic transmission during
stop/start engine events of a vehicle. Another advantage of the present invention is that the
on-off solenoid-actuated valve allows fast fill of a hydraulic accumulator of a hydraulic
system for the automatic transmission. Yet another advantage of the present invention is that
the on-off solenoid-actuated valve improves contamination ingress to the electro-magnetic
coil area or solenoid by adequately isolating the electro-magnetic coil section from a
hydraulic section that contains contamination particles. Still another advantage of the present
invention is that the on-off solenoid-actuated valve allows free fluid flow for faster filling of
the hydraulic accumulator during stop/start engine events of the vehicle.

[0009] Other objects, features, and advantages of the present invention will be readily
appreciated as the same becomes better understood after reading the subsequent description

taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a schematic view of one embodiment of a system, according to the
present invention, for fast fill of a hydraulic accumulator for an automatic transmission.

[0011] Figure 2 is a schematic view of one embodiment of an on-off solenoid-
actuated valve, according to the present invention, for fast fill of the hydraulic accumulator of
Figure 1 illustrated in a first position.

[0012] Figure 3 is a view similar to Figure 2 illustrating the on-off solenoid-actuated
valve in a second position.

[0013] Figure 4 is an enlarged view of a portion of the on-off solenoid-actuated valve

of Figure 2.
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DETAILED DESCRIPTION OF THE INVENTION

[0014] Referring now to the figures, where like numerals are used to designate like
structure unless otherwise indicated, a system 10, according to one embodiment of the
present invention, is shown for fast filling a hydraulic accumulator 12 used in conjunction
with an automatic transmission, generally indicated at 14, in Figure 1 for a vehicle (not
shown). The vehicle includes an engine (not shown) that cooperates with the automatic
transmission 14. The engine generates rotational torque which is selectively translated to the
automatic transmission 14 which, in tum, translates rotational torque to one or more wheels
(not shown) of the vehicle. It should be appreciated that the engine and the automatic
transmission 14 are of the type employed in a “hybrid” vehicle having engine stop/start
events. It should also be appreciated that the engine and/or automatic transmission 14 could
be of any suitable type, configured in any suitable way sufficient to generate and translate
rotational torque so as to drive the vehicle, without departing from the scope of the present
invention.

[0015] The system 10 includes a hydraulic system for the automatic transmission 14
and includes a pump (not shown) and a valve housing 16 with one or more valves such as a
solenoid-actuated valve, generally indicated at 26 and according to the present invention to be
described, that control fluid flow and fluid pressure from the pump in the automatic
transmission 14. The valve housing 16 has at least one port 18 and at least one port 20
illustrated in Figures 2 and 3. The hydraulic accumulator 12 fluidly communicates with the
port 18 of the valve body 16 via a fluid line 22 to store hydraulic fluid and energy in the
hydraulic accumulator 12 and to deliver hydraulic fluid and energy to a hydraulic circuit of
the hydraulic system via a fluid line 24 fluidly communicating with the port 20 to provide
sufficient transmission line pressure to the automatic transmission 14. In one embodiment,

the hydraulic accumulator 12 includes a housing having storage, a movable piston disposed in
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the housing, and a spring biasing the piston. It should be appreciated that the hydraulic
accumulator 12 and automatic transmission 14 are known in the art.

[0016] In one embodiment as illustrated in FIGS. 1-3, the system 10 includes a
solenoid-actuated valve, generally indicated at 26 and according to the present invention,
disposed on the valve housing 16 and between the fluid lines 22 and 24 to fill the hydraulic
accumulator 12 at a relatively fast rate. In one embodiment, the solenoid-actuated valve 26 is
a two-way or on/off solenoid-actuated valve. The solenoid-actuated valve 26 may be
disposed on the valve housing 16. The system 10 also includes an electronic controller 28
electrically connected to the solenoid-actuated valve 26 for energizing and de-energizing a
solenoid 56 to be described of the solenoid-actuated valve 26. It should be appreciated that
the solenoid-actuated valve 26 allows for near instantaneous refill of the hydraulic
accumulator 12, for example in less than one second, after a restart event of the engine.

[0017] The solenoid-actuated valve 26 includes a sleeve or valve body 30 disposed in
a bore 31 of the valve housing 16. The bore 31 fluidly communicates with the port 18 and
the port 20. The valve body 30 has a valve bore 32 extending axially and radially. The valve
bore 32 has a first diameter 32a being the largest bore diameter, a second diameter 32b being
the smallest diameter, and a third diameter 32¢ being a diameter in between the first diameter
32a and the second diameter 32b. The valve bore 32 has a biasing end 34 and an actuating
end 36. The biasing end 34 has a first diameter greater than a second diameter of the
actuating end 36. The valve bore 32 also has a valve seat 37 disposed between the first
diameter and the second diameter. The valve body 30 also includes at least one first fluid
port 38 and at least one second fluid port 40 to provide fluid communication with the at least
one port 18 and the at least one port 20 of the valve housing 16, respectively.

[0018] The solenoid-actuated valve 26 also includes a valve member 42 or a valve

(i.e., hydraulic control valve) slideably disposed within the valve bore 32 of the valve body
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30. The valve member 42 has at least one poppet or valve element 44 and a shaft 45
extending axially from the valve element 42. The valve element 44 has a diameter greater
than a diameter of the shaft 45. The valve element 44 is adapted to control the flow of
pressurized hydraulic fluid between the ports 38 and 40 of the valve body 30. The valve
member 42 further includes a biasing end 50 and an actuating end 52. It should be
appreciated that the valve element 44 is slidingly disposed in the first diameter of the valve
bore 32 and the shaft 45 is slidingly disposed in the second diameter of the valve bore 32
such that the shaft 45 is guided by the second diameter to assure alignment of the valve
element 44 to the valve seat 37 in the valve bore 32 of the valve body 30. It should also be
appreciated that the valve element 44 interfaces with the seat for the purpose of controlling
flow from the port 38 to the port 40 of the valve body 30. It should further be appreciated
that the valve member 42 is integral, unitary, and one-piece.

[0019] The solenoid-actuated valve 26 may include a biasing return spring 53
disposed in the valve bore 32 between the biasing end 50 of the valve member 42 and the
biasing end 34 of the valve bore 32. The solenoid valve 26 further includes an end member
54 disposed in the biasing end 34 of the valve bore 32. It should be appreciated that the end
member 54 is fixed to the valve body 30 and the valve member 42 moves axially relative to
the valve body 30.

[0020] The valve member 42 has the valve element 44 disposed slidingly within the
first diameter 32a of the valve bore 32 and the shaft 45 disposed slidingly within the second
diameter 32b of the valve bore 32. The valve member 42 also includes a bore 55 extending
axially therein that connects valve chambers, one on the port 40 and the other on the valve
end 50 to achieve pressure balance on the valve element 44.

[0021] The solenoid-actuated valve 26 also includes an electronically controlled

solenoid, generally indicated at 56, for actuating the valve member 42 to control hydraulic
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fluid pressure and flow between the port 38 and the port 40. The solenoid 56 includes a
bobbin 58 and a can or housing 60 enclosing the bobbin 58. The bobbin 58 has a primary
electromagnetic coil 62 wound thereon to create a magnetic field when energized. The
solenoid 56 also includes a terminal (not shown) for connecting with the electromagnetic coil
62 and to ground (not shown). The coil 62 is made of copper wire. It should be appreciated
that the terminal receives a digital control signal from a primary driver (not shown) such as
the electronic controller 28.

[0022] The solenoid 56 further includes an internal diameter or channel 66 extending
through a longitudinal axis of the bobbin 58. The actuating end 36 of the valve body 30 is
disposed in the channel 72. The solenoid 56 also includes a flux core 68 co-axially disposed
within the channel 66. The flux core 68 is generally cylindrical in shape with a generally
circular cross-section. The flux core 68 has an aperture 70 extending axially therethrough
forming an internal diameter. The flux core 68 may be made in more or more pieces
including an upper flux return 68a and lower pole piece 68b. The flux core 68 has a flange
72 extending radially outward from the axial end thereof to contact the housing 60. The
solenoid 56 includes an end cap 74 disposed within the flux core 68. The solenoid 56 further
includes an armature 84 disposed in the aperture 70 of the flux core 68 for generating axial
actuation force. It should further be appreciated that the armature 84 slides within the
aperture 70 of the flux core 68 and contacts the shaft 45 of the valve member 42.

[0023] The solenoid 56 also includes at least one vent channel, such as a first vent
channel 86 formed as a gap between the actuating end 36 and the aperture 70 of the flux core
68 and a second vent channel 87 formed as a gap between the valve body 30 and the housing
16 and fluidly connected to the port 20, and a chamber 90 between the armature 84 and the
actuating end 36 to allow free oil flow to facilitate free movement of the armature 84. It

should be appreciated that the vent channel 86 allows fluid flow therethrough to the chamber
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90 to provide a valve element 44 which is at least 90% hydraulically balanced. It should also
be appreciated that the chamber 90 provides a minimized displacement volume as illustrated
in Figure 2 and a maximum venting volume as illustrated in Figure 3 via the vent channels 86
and 87.

[0024] As illustrated in Figure 1, the electronic controller 28 is in electrical
communication with the solenoid-actuated valve 26 to activate or energize the solenoid 56 to
actuate the valve member 42 or to deactivate or de-energize the solenoid 56 to de-actuate the
valve member 42 to actively control fluid flow to and from the hydraulic accumulator 12. It
should be appreciated that the electronic controller 28 is known in the art.

[0025] In operation, the solenoid-actuated valve 26 of the present invention is
controlled by a control strategy for the system 10 to allow for near instantaneous refill of the
hydraulic accumulator 12 under specific conditions. For example, if the engine of the vehicle
re-starts after an engine stop event and then immediately requests an engine stop event but
the hydraulic accumulator 12 is not yet full, the solenoid 56 of the solenoid-actuated valve 26
is energized by the electronic controller 28 to allow the hydraulic accumulator 12 to fill in
less than one second. The solenoid 56 is then de-energized by the electronic controller 28
and the engine of the vehicle can be shut-off. It should be appreciated that this can only be
done in conditions where transmission line pressure sag is not an issue, for example, when
the vehicle has come to a stop with the foot of the operator on the brake. It should also be
appreciated that, in this case, there is no risk to slip a clutch of the automatic transmission 14
if the transmission line pressure sages while filling the hydraulic accumulator 12.

[0026] The present invention has been described in an illustrative manner. It is to be
understood that the terminology which has been used is intended to be in the nature of words

of description rather than of limitation.
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[0027] Many modifications and variations of the present invention are possible in
light of the above teachings. Therefore, within the scope of the appended claims, the

invention may be practiced other than as specifically described.

10
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What is claimed is:

1. A solenoid-actuated valve (26) for use in controlling fluid flow to and from an
accumulator (12) used in an automatic transmission (14) during stop/start engine events of a
vehicle, said solenoid-actuated valve (26) comprising:

a solenoid (56) including a coil (62), flux core (68), and an armature (84) for
generating an axial actuation force;

a valve body (30) connected to and operatively associated with said solenoid (56),
said valve body (30) having a valve bore (32) extending axially and at least one first fluid
port (38) for fluid communication between said valve bore (32) and the accumulator (12) and
at least another second fluid port (40) for fluid communication between said valve bore (32)
and a hydraulic control system of the automatic transmission (14);

at least one vent channel (86, 87) connecting an inside diameter of said flux core (68)
to said at least one second fluid port (40);

said valve bore (32) having a first diameter and a second diameter, said first diameter
being greater than said second diameter, and a valve seat (37) disposed between said first
diameter and said second diameter;

a valve member (42) axially and slidingly disposed within said valve bore (32), said
valve member (42) having a shaft (45) guided by said second diameter to assure alignment of
said valve member (42) to said valve seat (37); and

said valve member (42) having a valve element (44) that interfaces with said valve
seat (37) for controlling fluid flow from said first fluid port (38) of said valve body (30) to

said second port (40) of said valve body (30).

2. A solenoid-actuated valve (26) as set forth in claim 1 wherein said at least one

vent channel (86, 87) is formed between said valve body (30) and the valve housing (16).

11
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3. A solenoid-actuated valve (26) as set forth in any one of claims 1 and 2
wherein said flux core (68) has an inside diameter (78) therein.

4, A solenoid-actuated valve (26) as set forth in claim 3 including a chamber (90)
in said inside diameter (78) disposed between said shaft (45) and said armature (84) and
fluidly communicating with said at least one vent channel (86, 87).

5. A solenoid-actuated valve (26) as set forth in any one of claims 1 and 2
including a bobbin (58) and said coil (62) being disposed about said bobbin (58).

6. A solenoid-actuated valve (26) as set forth in claim 5 wherein said bobbin (58)
is made of a plastic material.

7. A solenoid-actuated valve (26) as set forth in claim 5 including a housing (60)
disposed about said bobbin (58).

8. A solenoid-actuated valve (26) for use in controlling fluid flow to and from an
accumulator (12) used in an automatic transmission (14) during stop/start engine events of a
vehicle, said solenoid-actuated valve (26) comprising:

a solenoid (56) including a coil (62), flux core (68), and an armature (84) for
generating an axial actuation force;

a valve body (30) connected to and operatively associated with said solenoid (56),
said valve body (30) having a valve bore (32) extending axially and at least one first fluid
port (38) for fluid communication between said valve bore (32) and the accumulator (12) and
at least another second fluid port (40) for fluid communication between said valve bore (32)
and a hydraulic control system of the automatic transmission (14);

a chamber (90) in said flux core (68);

at least one vent channel (86, 87) connecting said chamber of said flux core (68) to

said at least one second fluid port (40);

12
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said valve bore (32) having a first diameter and a second diameter, said first diameter
being greater than said second diameter, and a valve seat (37) disposed between said first
diameter and said second diameter;

a valve member (42) axially and slidingly disposed within said valve bore (32), said
valve member (42) having a shaft (45) guided by said second diameter to assure alignment of
said valve member (42) to said valve seat (37); and

said valve member (42) having a valve element (44) that interfaces with said valve
seat (37) for controlling fluid flow from said first fluid port (38) of said valve body (30) to
said second port (40) of said valve body (30).

9. A solenoid-actuated valve (26) as set forth in claim 8 wherein said at least one
vent channel (86, 87) is formed between said valve body (30) and the valve housing (16).

10. A solenoid-actuated valve (26) as set forth in any one of claims 8 and 9
wherein said flux core (68) has an inside diameter (78) therein.

11. A solenoid-actuated valve (26) as set forth in any one of claims 8 and 9
wherein said chamber (90) is disposed between said shaft (45) and said armature (84).

12. A solenoid-actuated valve (26) as set forth in any one of claims 8 and 9
including a bobbin (58) and said coil (62) being disposed about said bobbin (58).

13. A solenoid-actuated valve (26) as set forth in claim 12 including a housing

(60) disposed about said bobbin (58).

13
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