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ABSTRACT

A transmission unit for a vehicle includes a gear train reconfigurable among gear ratios
and a hydraulic control system to set the gear train. The system has a hydraulic
reservoir, a hydraulic circuit, and a main pump to pressurize the hydraulic circuit. The
transmission unit also includes an auxiliary hydraulic pressurization system which
includes an auxiliary pump and a bypass valve between the auxiliary pump and the
circuit. The circuit includes a regulator to divert fluid from being used to pressurize the
circuit in response to fluid movement toward the regulator at a first pressure greater than
a regulation pressure. The bypass valve is biased to open in response to fluid movement
from the auxiliary pump toward the circuit at a second pressure greater than the
threshold bypass pressure. The regulation pressure and the threshold bypass pressure are

substantially the same when the main pump is not driven.
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1

ENGINE-OFF AUXILIARY HYDRAULIC
PRESSURIZATION SYSTEM AND METHOD FOR A TRANSMISSION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to, and the benefit of, U.S. Provisional Patent
Application Serial No. 61/720,673 entitled “ENGINE-OFF AUXILIARY HYDRAULIC
PRESSURIZATION SYSTEM AND METHOD FOR A TRANSMISSION,” by Charles Long
et al., which was filed on October 31, 2013.

TECHNICAL FIELD
[0002] The present disclosure relates generally to motor vehicle transmissions. More
particularly, the present disclosure relates to hydraulic systems included in motor vehicle

transmissions.

BACKGROUND

[6003] Transmissions are used in vehicles to transfer torque from a drive unit to a
vehicle load. For example, many transmissions transfer the torque from a vehicle engine to a
vehicle load produced at the interface of the vehicle’s wheels when a vehicle is being driven
along a road. Typical transmissions include a gear train that is reconfigurable among a number
of gear ratios to establish a particular rotational drive ratio between the vehicle engine and the
vehicle load.

[0004] Some transmissions include hydraulic control systems configured to set the gear
ratio of the gear train. Hydraulic control systems may include hydraulic circuits operated by a
controller to engage and disengage clutches included in the circuit to set the gear ratio of the
gear train. The hydraulic circuit is typically pressurized by a main pump that is mechanically
driven by the vehicle engine when the vehicle engine is running. Sometimes, the hydraulic
circuit will lose pressure when the main pump is not being driven and the hydraulic circuit may

not be able to maintain a selected gear ratio when the vehicle engine is not running,.

SUMMARY
[0005] According to one aspect of the present disclosure, a vehicle includes a drive unit,

a transmission, and an auxiliary hydraulic pressurization system. The drive unit has an on state
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to provide rotational power and an off state. The transmission is coupled to the drive unit and
includes a gear train and a hydraulic control system. The gear train is reconfigurable among a
number of gear ratios. The hydraulic control system is configured to set the gear train in one of
the plurality of gear ratios. The hydraulic control system includes a hydraulic reservoir, a
hydraulic circuit, and a main pump driven by the drive unit when the drive unit is in the on state
to pressurize the hydraulic circuit. The auxiliary hydraulic pressurization system is coupled to
the hydraulic reservoir and to the hydraulic circuit. The auxiliary hydraulic pressurization
system is configured to maintain pressurization of the hydraulic circuit when the drive unit of
the vehicle is in the off state.

[0006] In some embodiments, the transmission may include a controller coupled to the
hydraulic control system and to the auxiliary hydraulic pressurization system. The controller
may be configured to control operation of the hydraulic control system. The controller may
further be configured to turn on the auxiliary hydraulic pressurization system in response to
receipt of a signal indicating that the vehicle is in a stop condition.

[0007] In some embodiments, the auxiliary hydraulic pressurization system may include
an auxiliary pump and a check valve. The check valve may be coupled to the auxiliary pump
and to the hydraulic circuit. The check valve may be arranged to block backflow from the
hydraulic circuit through the auxiliary pump.

[6008] In some embodiments, the auxiliary hydraulic pressurization system may include
a bypass valve coupled to the auxiliary pump and to the hydraulic circuit. The bypass valve
may be biased to a closed position and may be configured to open in response to fluid pressure
between auxiliary pump and the hydraulic circuit reaching a pressure greater than a threshold
bypass pressure.

[0009] In some embodiments, the auxiliary hydraulic pressurization system may include
a pressure sensor configured to detect fluid pressure between the auxiliary pump and the
hydraulic circuit. The auxiliary pump may be configured to stop delivering fluid to the control
circuit in response to the pressure sensor detecting fluid pressure above a reference threshold.
[0010] In some embodiments, the hydraulic circuit may include a regulator. The
regulator may be configured to regulate fluid pressure from the auxiliary hydraulic
pressurization system that flows through the rest of the hydraulic circuit.

[0011] In some embodiments, the vehicle may include an energy storage unit. The

energy storage unit may be coupled to the auxiliary hydraulic pressurization system and may be
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configured to provide energy to the auxiliary hydraulic pressurization system when the drive
unit is in the off state. The energy storage unit may be a battery coupled to the drive unit and
configured to charge when the drive unit is in the on state. The cnergy storage unit may be a
pressurized air or oil source.

[0012] In some embodiments, the vehicle may include a sensor configured to produce a
signal indicating that the vehicle is in the stop condition. The sensor may produce the signal in
response to detecting that the vehicle is stopped or in the process of stopping.

[0013] According to another aspect of the present disclosure, a transmission unit for use
with a vehicle is taught. The transmission unit includes a transmission and an auxiliary
hydraulic pressurization system. The transmission includes a gear train reconfigurable among a
number of gear ratios and a hydraulic control system configured to set the gear train in one of
the plurality of gear ratios. The hydraulic control system includes a hydraulic reservoir, a
hydraulic circuit, and a main pump mechanically driven to pressurize the hydraulic circuit. The
auxiliary hydraulic pressurization system is coupled to the hydraulic reservoir and to the
hydraulic circuit. The auxiliary hydraulic pressurization system is configured to maintain
pressurization of the hydraulic circuit when the main pump is not mechanically driven.

[0014] In some embodiments, the transmission unit may include a controller electrically
coupled to the auxiliary hydraulic pressurization system. The controller may be configured to
turn the auxiliary hydraulic pressurization system on in response to receipt of a signal indicating
that the vehicle is in a stop condition.

[0015] In some embodiments, the transmission unit may include a sensor configured to
produce a signal indicating that the vehicle is in the stop condition. The sensor may produce
the signal in response to detecting that the vehicle is stopped or in the process of stopping.
[0016] In some embodiments, the auxiliary hydraulic pressurization system may include
an auxiliary pump and a bypass valve coupled between the auxiliary pump and the hydraulic
circuit. The bypass valve may be biased to a closed condition. The bypass valve may be
configured to open in response to fluid movement from the auxiliary pump toward the hydraulic
circuit at a pressure greater than a threshold bypass pressure.

[0017] In some embodiments, the bypass valve may be coupled to the hydraulic
reservoir. The bypass valve may establish a bypass path that transmits fluid from the auxiliary
pump to the hydraulic reservoir when fluid moves from the auxiliary pump toward the

hydraulic circuit at a pressure greater than the threshold bypass pressure.
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[0018] In some embodiments, the auxiliary hydraulic pressurization system may include
a pressure sensor electrically coupled to the controller. The pressure sensor may be configured
to detect fluid pressure between the auxiliary pump and the hydraulic circuit. The controller
may be configured to turn off the auxiliary pump in response to the pressure sensor detecting
fluid pressure above a reference threshold.

[0019] In some embodiments, the auxiliary hydraulic pressurization system may include
an auxiliary pump. The auxiliary pump may be coupled to the hydraulic reservoir and to the
hydraulic circuit.

[0020] In some embodiments, the auxiliary hydraulic pressurization system may include
a check valve coupled to the auxiliary pump and to the hydraulic circuit. The check valve may
be arranged between the auxiliary pump and the hydraulic circuit to block backflow from the
hydraulic circuit through the auxiliary pump.

[0021] According to another aspect of the present disclosure, a method of controlling a
vehicle including a transmission is taught. The method includes rcceiving a sensor signal
indicative of a stop condition of the vehicle; controlling an auxiliary hydraulic pressurization
system, in response to the sensor signal, to maintain a hold pressure in a hydraulic control
system included in the transmission of the vehicle when the vehicle is in the stop condition; and
turning off a drive unit of the vehicle, while the auxiliary hydraulic pressurization system is
maintaining the hold pressure, to stop the drive unit from driving a main pump of the
transmission that pressurizes the hydraulic control system to a run pressure when the drive unit
is in an on state.

[0022] In some embodiments, receiving the sensor signal indicative of the stop
condition may include receiving a sensor signal indicative that the vehicle is in the process of
stopping or has stopped. It is contemplated that receiving the sensor signal indicative of the
stop condition may include generating the sensor signal in response to a current velocity of the
vehicle falling below a reference threshold.

[0023] In some embodiments, the method may also include receiving a user request for
vehicle start and turning the drive unit on. Turning the drive unit on may be performed in
response to receipt of the user request.

[0024] In some embodiments, the method may include powering the auxiliary hydraulic

pressurization system using an energy storage unit. It is contemplated that powering the
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auxiliary hydraulic pressurization system may include powering the auxiliary hydraulic
pressurization system using a battery coupled to the drive unit.

[0025] In some embodiments, the hold pressure may be less than the run pressure.
[0026] In some embodiments, the method may also include receiving a signal indicative
of the hold pressure supplied by the auxiliary hydraulic control system from the hydraulic
circuit. The method may also include turning on the drive unit if the hold pressure supplied is
less than a hold threshold pressure.

[0027] According to another aspect of the present disclosure, an auxiliary hydraulic
pressurization system for use with a vehicle including a transmission having a hydraulic
reservoir, a hydraulic circuit, and a main pump is disclosed. The auxiliary hydraulic
pressurization system includes an auxiliary pump and a controller. The auxiliary pump includes
a low side adapted to be coupled to the hydraulic reservoir and a high side adapted to be
coupled to the hydraulic circuit. The controller is electrically connectable to the auxiliary pump
and is configured to turn on the auxiliary pump in response to receipt of a signal indicating that
the vehicle is in a stop condition to maintain hydraulic pressurization of the hydraulic circuit of
the transmission when the vehicle is in the stop condition.

[0028] In some embodiments, the auxiliary hydraulic pressurization system may include
a check valve. The check valve may be coupled to the high side of the auxiliary pump and may
be adapted to be coupled to the hydraulic circuit. The check valve may be configured to block
backflow from the hydraulic circuit through the high side of the auxiliary pump.

[0029] In some embodiments, the auxiliary hydraulic pressurization system may include
a bypass valve. The bypass valve may be coupled to the high side of the auxiliary pump and
may be adapted to be coupled to the hydraulic circuit. The bypass valve may be biased to a
closed position and may be configured to open in response to fluid movement from the high
side of the auxiliary pump at a pressure greater than a threshold bypass pressure. The threshold
bypass pressure may be about 48 psi.

{0030] In some embodiments, the auxiliary hydraulic pressurization system may include
a pressure sensor coupled to the controller. The pressure sensor may be configured to detect
fluid pressure between the high side of the auxiliary pump and the hydraulic circuit. It is
contemplated that the controller may be configured to turn the auxiliary pump off in response to

the pressure sensor detecting fluid pressure above a high reference threshold and to turn the
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auxiliary pump on in response to the pressure sensor detecting fluid pressure below a low

reference threshold.

[0030a] According to another aspect of the present disclosure, there is provided a
transmission unit for use with a vehicle, the transmission unit comprising: a transmission
including a gear train reconfigurable among a number of gear ratios and a hydraulic control
system configured to set the gear train in one of the plurality of gear ratios, the hydraulic
control system having a hydraulic reservoir, a hydraulic circuit, and a main pump
mechanically driven to pressurize the hydraulic circuit, and an auxiliary hydraulic
pressurization system coupled to the hydraulic reservoir and the hydraulic circuit, the
auxiliary hydraulic pressurization system configured to maintain pressurization of the
hydraulic circuit when the main pump is not mechanically driven, the auxiliary pressurization
system including an auxiliary pump and a bypass valve coupled between the auxiliary pump
and the hydraulic circuit, wherein (i) the hydraulic circuit includes a regulator configured to
divert fluid supplied thereto from being used to pressurize the hydraulic circuit in response to
fluid movement toward the regulator at a first pressure greater than a regulation pressure,
(ii) the bypass valve is biased to a closed condition and configured to open in response to fluid
movement from the auxiliary pump toward the hydraulic circuit at a second pressure greater
than a threshold bypass pressure, and (iii) the regulation pressure and the threshold bypass

pressure are substantially the same when the main pump is not mechanically driven.

[0030b] According to another aspect of the present disclosure, there is provided a
method of controlling a vehicle including a transmission, the method comprising: receiving,
by a sensor, a sensor signal indicative of a stop condition of the vehicle; controlling an
auxiliary hydraulic pressurization system, in response to the sensor signal, to maintain a hold
pressure in a hydraulic control system included in the transmission of the vehicle when the
vehicle is in the stop condition; controlling, by a controller, an auxiliary hydraulic
pressurization system in response to the sensor signal, to maintain a hold pressure in a
hydraulic control system included in the transmission of the vehicle when the vehicle is in the
stop condition by selectively diverting fluid supplied toward the hydraulic control S};stem

from being used to pressurize the hydraulic control system (i) by a regulator of the hydraulic
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control system in response to fluid movement toward the hydraulic control system at a first
pressure greater than a regulation pressure of the regulator and (ii) by a bypass valve of the
auxiliary hydraulic pressurization system in response to fluid movement toward the hydraulic
control system at a second pressure greater than a threshold bypass pressure that is
substantially the same as the regulation pressure; and turning off, by the controller, a drive
unit of the vehicle, while the auxiliary hydraulic pressurization system is maintaining the hold
pressure, to stop the drive unit from driving a main pump of the transmission that pressurizes

the hydraulic control system to a run pressure when the drive unit is in an on state.

[0030c] According to another aspect of the present disclosure, there is provided an
auxiliary hydraulic pressurization system for use with a vehicle including a transmission
having a hydraulic reservoir, a hydraulic circuit, and a main pump, the auxiliary hydraulic
pressurization system comprising: an auxiliary pump with a low side adapted to be coupled to
the hydraulic reservoir and a high side adapted to be coupled to the hydraulic circuit; and a
controller electrically connectable to the auxiliary pump and configured to turn on the
auxiliary pump in response to receipt of a signal indicating that the vehicle is in a stop
condition to maintain hydraulic pressurization of the hydraulic circuit of the transmission
when the vehicle is in the stop condition, a bypass valve coupled to the high side of the
auxiliary pump and adapted to be coupled to the hydraulic circuit, wherein the bypass valve is
biased to a closed position and is configured to open to an open position in response to a
pressure of a fluid from the high side of the auxiliary pump matching a threshold bypass
pressure, and wherein the bypass valve remains in the open position while the pressure of the
fluid is greater than the threshold bypass pressure to prevent the auxiliary pump from
providing hydraulic fluid to the transmission at a pressure greater than the threshold bypass
pressure and wherein the bypass valve is coupled to the hydraulic reservoir to establish a
bypass path that transmits fluid from the auxiliary pump to the hydraulic reservoir when fluid
moves from the auxiliary pump toward the hydraulic circuit at the pressure greater than the
threshold bypass pressure, and a check valve coupled to the high side of the auxiliary pump
and adapted to be coupled to the hydraulic circuit, the check valve configured to block
backflow from the hydraulic circuit through the high side of the auxiliary pump.

CA 2889670 2019-11-25
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[0030d] According to another aspect of the present disclosure, there is provided a
vehicle comprising: a drive unit having an on state to provide rotational power and an off
state; a transmission coupled to the drive unit including a gear train reconfigurable among a
number of gear ratios and a hydraulic control system configured to set the gear train in one of
the plurality of gear ratios, the hydraulic control system having a hydraulic reservoir, a
hydraulic circuit, and a main pump driven by the drive unit when the drive unit is in the on
state to pressurize the hydraulic circuit, and an auxiliary hydraulic pressurization system
coupled to the hydraulic reservoir and the hydraulic circuit, the auxiliary hydraulic
pressurization system configured to maintain pressurization of the hydraulic circuit when the
drive unit of the vehicle is in the off state, the auxiliary hydraulic pressurization system
including an auxiliary pump and a bypass valve coupled between the auxiliary pump and the
hydraulic circuit, wherein (i) the hydraulic circuit includes a regulator configured to divert
fluid supplied thereto from being used to pressurize the hydraulic circuit in response to fluid
movement toward the regulator at a first pressure greater than a regulation pressure, (ii) the
bypass valve is biased to a closed condition and configured to open in response to fluid
movement from the auxiliary pump toward the hydraulic circuit at a second pressure greater
than a threshold bypass pressure, and (iii) the regulation pressure and the threshold bypass

pressure are substantially the same when the main pump is not mechanically driven.
DESCRIPTION OF THE DRAWINGS

[0031] The systems and methods described herein are illustrated by way of example
and not by way of limitation in the accompanying figures. For simplicity and clarity of
illustration, elements illustrated in the figures are not necessarily drawn to scale. For example,
the dimensions of some elements may be exaggerated relative to other elements for clarity.
Further, where considered appropriate, reference labels have been repeated among the figures

to indicate corresponding or analogous elements.

[0032] FIG. 1 is a perspective view of a transmission unit including a transmission and

an auxiliary hydraulic pressurization system mounted to the transmission;

CA 2889670 2019-11-25
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[0033] FIG. 2 is a diagrammatic view of a vehicle including a drive unit and the
transmission unit of FIG. 1 showing that the drive unit and the transmission unit cooperate to

drive a vehicle load;

[0034] FIG. 3 is a detailed diagrammatic view of the transmission unit of FIG. 1
showing the auxiliary hydraulic pressurization system hydraulically coupled to the
transmission around a main pump included in the transmission so that the auxiliary hydraulic
pressurization system is configured to maintain hydraulic pressurization of the hydraulic
control system when the main pump of the transmission is turned off, for example, when the

drive unit is in an off state; and

[0035] FIG. 4 is a simplified block diagram showing a method of operating the vehicle
of FIG. 2.

DETAILED DESCRIPTION

[0036] While the concepts of the present disclosure are susceptible to various

modifications and alternative forms, specific exemplary embodiments thereof have been
shown by way of example in the drawings and will herein be described in detail. It should be
understood, however, that there is no intent to limit the concepts of the present disclosure to
the particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by

the appended claims.
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[0037] References in the specification to "one embodiment”, "an embodiment"”, "an
example embodiment”, etc., indicate that the embodiment described may include a particular
feature, structure, or characleristic, but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to effect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described.

[0038] Referring to FIGS. 1 and 2, in one embodiment, a transmission unit 20 adapted
for use in a vehicle 10 includes a transmission 22 and an auxiliary hydraulic pressurization
system 24 mounted to the transmission 22. The transmission 22 is configured to transmit
torque from a drive unit 30 to drive a vehicle load 32 (see FIG. 2) while the drive unit 30 is on
' (or running). The auxiliary hydraulic pressurization system 24 is configured to maintain
engagement of the transmission 22 between the drive unit 30 and the vehicle load 32 when the
drive unit 30 is turned off (or shut down). Thus, freewheeling of the vehicle load 32 and
movement of the vehicle 10 is resisted when the drive unit 30 is off and, as such, the drive unit
30 may be turned off when the vehicle 10 is making a short stop (such as a at red light) to
thereby save fuel during a trip without the risk of vehicle roll.

[0039] The auxiliary hydraulic pressurization system 24 may be mounted to a
transmission 22 as part of new transmission unit 20 construction or may be added to an existing
transmission 22 to provide a retrofitted transmission unit 20 in the field as suggested in Fig. 1.
The auxiliary hydraulic pressurization system 24 illustratively includes an auxiliary pump 34, a
bypass valve 36, and a check valve 38 mounted to the transmission 22 as shown in FIG. 1. The
auxiliary pump 34 is illustratively powered when the drive unit 30 is off. The bypass valve 36
is configured to prevent the auxiliary pump 34 from providing hydraulic fluid to the
transmission 22 at a pressure greater than a threshold bypass pressure by bypassing any over-
threshold flow from a high-pressure side 34H to a low pressure side 34L of the auxiliary pump
34. In the illustrative embodiment, the threshold bypass pressure is about 48 pounds per square
inch (psi) but in other embodiments may be higher or lower depending on hydraulic fluid
demand when the drive unit 30 is off and/or other criteria. The check valve 38 is arranged to
block back flow from the transmission 22 through the bypass valve 36 and the auxiliary pump

34 to prevent damage to the auxiliary pump 34.
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[0040] In the illustrative embodiment, the auxiliary hydraulic pressurization system 24
also includes an optional pressure sensor 40 and, in some embodiments, an optional filter 41 as
shown in FIGS. 1 and 2. The pressure sensor 40 is configured to detect the pressure of
hydraulic fluid provided to the transmission 22 by the auxiliary pump 34. The auxiliary pump
34 may be controlled during operation of the auxiliary hydraulic pressurization system 24 based
in part on signals produced by the pressure sensor 40 as further described herein. The filter 41
is configured to clean fluid entering the auxiliary pump 34 from the reservoir 54. In some
embodiments, the filter 41 is used in conjunction with an internal filter (not shown) included in
the hydraulic control system 48.

[0041] The auxiliary pump 34 is illustratively an electrically driven pump with a pump
element 42 and a motor 44 coupled to the pump clement 42 a shown in Fig. 1. In one particular
embodiment, for example, the auxiliary pump 34 is embodied as a twelve volt Model GP-612
electric gear pump, which is commercially available from http:/www.enginegearonline.com.
Of course, in other embodiments, the auxiliary pump 34 may be embodied as other types of
pumps. For example, in some embodiments, the auxiliary pump 34 may be adapted to be
driven by compressed air, pressurized oil, or another form of stored energy.

[0042] Turning to FIG. 2, in the illustrative embodiment, the vehicle 10 includes the
transmission unit 20, the drive unit 30, and an energy storage unit 45. The transmission unit 20
is shown to include the transmission 22 and the auxiliary hydraulic pressurization system 24
coupled to the transmission 22. The drive unit 30 is illustratively an internal combustion engine
including an engine control module (ECM) 31 configured to control the operation of the drive
unit 30. The energy storage unit 45 is illustratively embodied as a vehicle battery. The energy
storage unit 45 is electrically coupled to the drive unit 30 to be charged when the drive unit 30
is on and is electrically coupled to the auxiliary hydraulic pressurization system 24 to provide
electrical energy to the auxiliary pump 34 when the drive unit 30 is off.

[0043] The transmission 22 illustratively includes a gear train 46, a hydraulic control
system 48, and a controller 50 as shown diagrammatically in FIG. 2. The gear train 46 is
reconfigurable among a plurality of gear ratios to transmit torque from the drive unit 30 to the
vehicle load 32. The hydraulic control system 48 is configured to set the gear train 46 in one of
the gear ratios as selected by the controller 50. The controller 50 is coupled to the engine
control module 31, the hydraulic control system 48, and to the auxiliary hydraulic

pressurization system 24 as shown in Fig. 2. The controller 50 is configured to select a gear
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ratio for the gear train 46 and to direct operation of the auxiliary hydraulic pressurization
system 24 based, at least in part, on information from the engine control module 31.

[0044] The hydraulic control system 48 includes a hydraulic circuit 52, a hydraulic
reservoir 54, and a main pump 56 as shown in FIG. 2. The hydraulic circuit 52 is configured to
set the gear train 46 in one of the gear ratios as selected by the controller 50 by operating a
plurality of valves to engage and disengage a plurality of clutches (shown in FIG. 3). The
hydraulic reservoir 54 stores hydraulic fluid for use in the hydraulic circuit 52. The hydraulic
reservoir 54 is coupled to the hydraulic circuit 52 through the main pump 56 to establish a main
path for pressurized fluid to reach the hydraulic circuit 52. The hydraulic reservoir 54 is also
coupled to the hydraulic circuit 52 through the auxiliary hydraulic pressurization system 24 to
establish an auxiliary path for fluid provided to the hydraulic circuit 52. The main pump 56 is
mechanically driven by the drive unit 30 to supply pressurized hydraulic fluid from the
hydraulic reservoir 54 to the hydraulic circuit 52 when the drive unit 30 is on.

[0045] The controller 50 illustratively includes a memory 51 and a processor 53 coupled
to the memory 51 and configured to perform instructions stored in the memory 51. In some
embodiments, the controller 50 may be included in the auxiliary hydraulic pressurization
system 24, included in the engine control module 31, or may be formed from a plurality of
control circuits located throughout the vehicle 10.

[0046] Referring now to FIG. 3, a detailed hydraulic diagram of the auxiliary hydraulic
pressurization system 24 and the hydraulic control system 48 included in the transmission unit
20 is shown. As shown in FIG. 3, the auxiliary hydraulic pressurization system 24 is coupled to
the hydraulic control system 48 by a low pressure line 35, a high pressure line 37, and a bypass
line 39. In particular, the low pressure line 35 fluidly couples the hydraulic reservoir 54 of the
hydraulic control system 48 to the low side 34L of the auxiliary pump 34. For example, in the
illustrative embodiment of FIG. 1, the low pressure line 35 is plumbed into a dip stick port 55
of the transmission 22. The high pressure line 37 fluidly couples the high side 34H of the
auxiliary pump 34 to the hydraulic circuit 52 of the hydraulic control system 48. Both the
check valve 38 and the pressure sensor 40 are fluidly coupled in-line with, or otherwise to, the
high pressure line 37. The bypass line 39 fluidly couples the low pressure line 35 to the high
pressure line 37. The bypass valve 36 is fluidly coupled in-line with, or otherwise to, the

bypass line 39 and cooperates therewith to establish a bypass path. The bypass path is typically
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closed, except for the condition in which an excessive pressure is developed in the high
pressure line 37, which resultantly causes the bypass valve 36 to open.

[6047] As shown in FIG. 3, the hydraulic circuit 52 also includes an internal main
pressure regulator 58 (also known as a line pressure regulator). The regulator 58 is
illustratively configured to regulate flow through the regulator 58 below a regulation pressure.
Excess flow above the regulation pressure is diverted by the regulator 58 from being used to set
the hydraulic circuit 52 to one or more overflow components included in the hydraulic circuit
52 (c.g. to a conditioner, a cooler, and a loop included in the hydraulic circuit 52). The
regulator 58 is fluidly coupled to the hydraulic reservoir 54, the main pump 56, and to the
auxiliary hydraulic pressurization system 24 as also shown in FIG. 3. The regulator 58 is
electrically coupled to the controller 50, and the controller 50 may operate the regulator 58 to
set the regulation pressure.

[0048] In the illustrative embodiment, the controller 50 may adjust the regulation
pressure of the regulator 58 to about 48 psi when the drive unit 30 is turned off when the
vehicle 10 is at a stop, typically by lowering the regulation pressure from a greater value used
during normal operation. In other embodiments, the controller 50 may adjust the regulator 58
to other regulation pressures. In some such embodiments, the regulator 58 may be used in place
of the bypass valve 36 and, in such embodiments, bypass valve 36 may not be included the
auxiliary hydraulic pressurization system 24. In other embodiments, the regulator 58 may be
used in conjunction with the bypass valve 36 to control pressure in the hydraulic circuit 52.
[0049] As further shown in FIG. 3, the hydraulic circuit 52 also includes a plurality of
solenoid valves 61, 62, 63, 64, 65, 66, 67, and 68, a plurality of clutches 71, 72, 73, 74, and 75,
and a plurality of valves 81, 82, 83, 84, 85, 86, 87, 88, 89, 90. Those components of the
hydraulic circuit 52 are arranged and configured to provide a number of reverse, neutral, and
forward drive transmission ranges as is known in the art.

[0050] In the illustrative embodiment, the valves 83, 84, 85 of the hydraulic circuit 52
are embodied as logic valves that include switches 93, 94, 95 (respectively) situated in pressure
bulbs associated with valves 83, 84, 85 as shown in FIG. 3. The switches 93, 94, 95 are
configured to detect whether the pressure supplied to the valves 83, 84, 85 is at, or above, a
hold threshold pressure. In the illustrative embodiment, the switches 93, 94, 95 are electrically
coupled to the controller 50, and the controller 50 receives a signal from the switches 93, 94, 95

indicating if the valves 83, 84, 85 are being supplied with the hold threshold pressure (for
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example, about 25-30 psi). The controller 50 may be configured to turn on the drive unit 30 if
the controller 50 determines that the auxiliary hydraulic pressurization system 24 fails to
provide at least the hold threshold pressure to the valves 83, 84, 85 of the hydraulic circuit 52
while the drive unit 30 is off and the vehicle 10 is at a stop.

[0051] Referring now to FIG. 4, in use, the controller 50 may execute a method 400 for
operating the vehicle 10 to maintain the hydraulic pressure of the hydraulic control system 48
when the drive unit 30 of the vehicle 10 is in an off state (turned off). The method 400 may be
embodied as, for example, a set of instructions stored in the memory 51 and executed by the
controller 50. The method 400 begins with block 402 in which the controller 50 determines
whether the vehicle 10 is in a stop condition (i.e., whether the vehicle 10 is stopped or in the
process of stopping). To do so, in some embodiments, the controller 50 may receive a signal
from a sensor 96 included in the ECM 31. In the illustrative embodiment, the signal from the
sensor 91 is indicative of the velocity of the vehicle 10 based on drive unit 10 output RPM. The
detected velocity signal is usable by the controller 50 to determine whether the vehicle is in a
stop condition or may be directly indicative that the vehicle is in a stop condition (e.g., the
velocity signal may indicate that the velocity of the vehicle 10 has dropped below a
stopping/stopped velocity threshold). In other embodiments, the controller 50 may receive
signals from one or more other sensors to determine if the vehicle 10 is in a stop condition. For
example, signals indicative of vehicle acceleration/deceleration from accelerometers, signals
indicative of user inputs such as from brake pedals, or other suitable signals may be used to
determine if the vehicle 10 is in a stop condition. If the controller 50 determines that the
vehicle 10 is not in a stopping condition, the method 400 loops back to block 402 to continue to
monitor for a stopping condition.

[0052] If the controller 50 determines that the vehicle 10 is in a stop condition, the
method 400 proceeds to a block 404 in which the controller 40 turns on the auxiliary pump 34.
That is, if the controller 50 determines that the vehicle has come to a stop or is in the process of
stopping, the auxiliary pump 34 is turned on and establishes a hold pressure in the hydraulic
circuit 52. In the event that the hydraulic circuit 52 is still pressurized by the main pump 56 or
by residual pressure in the circuit 52, flow from the auxiliary pump 34 may be passed through
the bypass valve 36 until pressure in the circuit 52 drops below the threshold bypass pressure
required to close the bypass valve 36. Additionally, should the controller 50 receive a signal

from the pressure sensor 40 indicating that pressure in the high pressure line 37 is greater than a
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high sensor threshold, the controller 50 may be configured to turn off the auxiliary pump 34
until the signal from the pressure sensor 40 indicates that the pressure in the high pressure line
37 is below the high sensor threshold (and that the vehicle 10 is still in the stop condition).
[0053] After the auxiliary pump 34 has been turned on in block 404, the method 400
advances to block 406 in which the controller 50 causes the drive unit 30 (illustratively an
engine) to be turned off. To do so, for example, the controller 50 may send a request signal to
request that the ECM 31 turn off the drive unit 30. In some embodiments, the controller 50
may request a dwell time before the drive unit 30 is turned off. The dwell time may be
configured allow the auxiliary pump 34 to develop the hold threshold pressure. In some
embodiments, the controller 50 may operate the hydraulic circuit 52 during the dwell time
before drive unit 30 is turned off so that one or more clutches are engaged to resist roll back.
For example clutch 75 may be engaged during the dwell time so that the transmission 22 resists
roll back in a manner similar to that described in U.S. Patent No. 4,070,927, which is hereby
incorporated by reference in its entirety, except in parts that contradict the present disclosure.
In other embodiments, the controller 50 may operate the hydraulic circuit 52 to engage such
clutches, or other clutches, after the drive unit 30 is turned off.

[0054] It should be appreciated that while the drive unit 30 is off, the main pump 56
mechanically driven by the drive unit 30 is also turned off and, as such, does not provide
pressure to the hydraulic circuit 52. However, the auxiliary hydraulic pressurization system 24,
via the auxiliary pump 34, maintains pressure in the hydraulic circuit 52 while the main pump
56 is off such that engagement of the transmission 22 between the drive unit 30 and the vehicle
load 32 is maintained even when the drive unit 30 is turned off. It should be appreciated that
without use of the auxiliary hydraulic pressurization system 24, hydraulic pressure in the
hydraulic circuit 52 may drop in response to the main pump 56 being turned off due to systemic
bleeds and leaks within the hydraulic circuit 52 culminating in disengagement of the drive unit
30 from the vehicle load 32.

[0055] After the drive unit has been turned off in block 406, the method 400 advances
to block 407 in which the controller 50 determines whether the auxiliary hydraulic
pressurization system 24 is operating properly. To do so, the controller 50 may determine
whether the hydraulic pressurization system 24 is providing at least the hold threshold pressure
to the hydraulic circuit 52. For example, in the illustrative embodiment, the controller 50

monitors signals received from the switches 93, 94, 95 included in the logic valves 83, 84, 85 to



CA 028889670 2015-04-27

WO 2014/070893 PCT/US2013/067509
13

determine whether the hold threshold pressure is being supplied to the valves 83, 84, 85. In
other embodiments, the controller 50 may determine the status of the auxiliary hydraulic
pressurization system 24 based on other suitable signals. If the controller SO determines that the
auxiliary hydraulic pressurization system 24 is operating properly, the method 400 advances to
block 408 in which a check is performed to determine whether the vehicle 10 is starting. If the
controller 50 determines that the auxiliary hydraulic pressurization system 24 is not operating
properly (e.g. the pressure supplied to the valves 83, 84, 85 of the hydraulic circuit is below the
hold threshold pressure), the method 400 advances to block 412 to restart the drive unit 30 and
thereby restore operation of the main pump 56 to pressurize the hydraulic circuit 52.

[0056] When the drive unit 30 is turned off and the vehicle 10 is at a stop in block 406,
and the auxiliary hydraulic pressurization system 24 is determined to be operating properly in
block 407, the method 400 proceeds to block 408 in which the controller 50 determines whether
the vehicle 10 is starting or has started. To do so, the controller 50 may monitor one or more
sensor signals indicative of a starting condition of the vehicle 10. For example, in the
illustrative embodiment, the controller 50 receives a sensor signal from an accelerator sensor 98
included in the ECM 31, which indicates that the accelerator pedal has been being pressed by a
user (providing a user request for movement). In other embodiments, the controller 50 may
determine that the vehicle is starting or started as a function of brake signal received from the
ECM 31, which indicates that a brake pedal has been released. Of course, the controller 50 may
make such determination based on received signals such as signals indicative of changing
velocity/acceleration or other suitable signals. If the controller 50 determines that the vehicle
10 is not starting or started, the method 400 advances to block 410 in which controller 50
continues to operate the auxiliary pump 34 to maintain pressure in the hydraulic circuit 52.
[0057] While maintaining pressure in the hydraulic circuit 52 in the block 410, the
controller 50 may monitor the pressure in the high pressure line 37 and take appropriate action
based thereon. For example, the illustrative controller 50 is configured to turn off the auxiliary
pump 34 in response to a pressure signal from the sensor 40 indicating that the pressure in the
high pressure line 37 has exceeded the high sensor threshold. In some embodiments, the
controller 50 may also turn off the auxiliary pump 34 in response to a pressure signal from the
sensor indicating that the pressure in the high pressure line 37 is below a low sensor threshold.

In other embodiments, the controller 50 may be configured to toggle the auxiliary pump 34 on
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and off to maintain an engagement pressure in the hydraulic circuit 52 while minimizing the use
of energy from the energy storage unit 45 while the vehicle 10 stopped.
[0058] Referring back to blocks 407 and 408, if the controller 50 determines that (i) the
auxiliary hydraulic pressurization system 24 is not operating properly or (ii) the vehicle 10 is
starting or started, the method 400 advances to block 412 in which the controller 50 causes the
drive unit 30 (e.g., engine) to be returned to an on state (turned on). To do so, for example, the
controller 50 may send a signal to the ECM 31 requesting that the drive unit 30 be turned on.
When the drive unit 30 is turned back on, the main pump 56 is again mechanically driven to
establish a run pressure in the hydraulic circuit 52. The run pressure produced by the main
pump 56 is typically greater than the hold pressure produced by the auxiliary pump 34.
However, in some embodiments, the run pressure may be equal to, or less than, the hold
pressure.
[0059] After the drive unit 10 has been turmned on in block 412, the method 400
advances to block 414 in which the controller 50 turns off the auxiliary pump 34 to reset the
auxiliary hydraulic pressurization system 24 for future stops of the vehicle 10 and to allow
energy storage unit 45 to be recharged. In some embodiments, the controller 50 wait for
expiration of a dwell time before turning off the auxiliary pump 34 to allow the main pump 56
to develop normal operating pressures after the drive unit 30 is turned back on. Once the
auxiliary pump 34 is off, the method 400 loops back to block 402 in which the controller 50
again determines whether the vehicle 10 is in a stop condition (i.e., is stopping or stopped).
[0060] In some embodiments, the controller 50 may be further configured to determine
whether the energy storage unit 45 has a sufficient charge to operate the auxiliary pump 34
while the drive unit 30 is shut down during a stop. If the controller 50 determines that the
energy storage unit 45 is not sufficiently charged, the controller 50 may operate the solenoid 68,
the valve 86, and various other components of the transmission unit 20 to reduce the engine
load required to maintain the condition of the transmission unit 20 during the stop with the
drive unit 30 still on as described, for example, in U.S. Patent Number 7,338,407 REDUCED
ENGINE LOAD AT STOP APPARATUS AND METHOD to Long et al. U.S. Patent Number
7,338,407.
[0061] While the disclosure has been illustrated and described in detail in the drawings

and foregoing description, such an illustration and description is to be considered as exemplary
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and not restrictive in character, it being understood that only illustrative embodiments have

been shown and described and that all changes and modifications that come within the spirit of

the disclosure are desired to be protected.
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CLAIMS
1. A transmission unit for use with a vehicle, the transmission unit comprising:

a transmission including a gear train reconfigurable among a number of gear ratios and
a hydraulic control system configured to set the gear train in one of the plurality of gear ratios,
the hydraulic control system having a hydraulic reservoir, a hydraulic circuit, and a main pump

mechanically driven to pressurize the hydraulic circuit, and

an auxiliary hydraulic pressurization system coupled to the hydraulic reservoir and the
hydraulic circuit, the auxiliary hydraulic pressurization system configured to maintain
pressurization of the hydraulic circuit when the main pump is not mechanically driven, the
auxiliary pressurization system including an auxiliary pump and a bypass valve coupled

between the auxiliary pump and the hydraulic circuit,

wherein (1) the hydraulic circuit includes a regulator configured to divert fluid supplied
thereto from being used to pressurize the hydraulic circuit in response to fluid movement toward
the regulator at a first pressure greater than a regulation pressure, (ii) the bypass valve is biased
to a closed condition and configured to open in response to fluid movement from the auxiliary
pump toward the hydraulic circuit at a second pressure greater than a threshold bypass pressure,
and (ii1) the regulation pressure and the threshold bypass pressure are substantially the same

when the main pump is not mechanically driven.

2. The transmission unit of claim 1, wherein the transmission unit includes a
controller electrically coupled to the auxiliary hydraulic pressurization system and configured
to turn the auxiliary hydraulic pressurization system on in response to receipt of a signal

indicating that the vehicle is in a stop condition.

3. The transmission unit of claim 2, wherein the transmission unit includes a sensor
configured to produce a signal indicating that the vehicle is in the stop condition in response to

detecting that the vehicle is stopped or in a process of stopping.

Date Regue/Date Received 2020-07-28
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4. The transmission unit of claim 1, wherein the bypass valve is coupled to the
hydraulic reservoir to establish a bypass path that transmits fluid from the auxiliary pump to the
hydraulic reservoir when fluid moves from the auxiliary pump toward the hydraulic circuit at a

second pressure greater than the threshold bypass pressure.

5. The transmission unit of claim 2, wherein the auxiliary hydraulic pressurization
system includes a pressure sensor electrically coupled to the controller and configured to detect
fluid pressure between the auxiliary pump and the hydraulic circuit, the controller configured
to turn off the auxiliary pump in response to the pressure sensor detecting fluid pressure above

a reference threshold.

6. The transmission unit of claim 1, wherein the auxiliary pump coupled to the

hydraulic reservoir and to the hydraulic circuit.

7. The transmission unit of claim 1, wherein the auxiliary hydraulic pressurization
system includes a check valve coupled to the auxiliary pump and to the hydraulic circuit, the
check valve arranged between the auxiliary pump and the hydraulic circuit to block backflow

from the hydraulic circuit through the auxiliary pump.

8. A method of controlling a vehicle including a transmission, the method

comprising:

receiving, by a sensor, a sensor signal indicative of a stop condition of the vehicle;
controlling an auxiliary hydraulic pressurization system, in response to the sensor signal, to
maintain a hold pressure in a hydraulic control system included in the transmission of the

vehicle when the vehicle is in the stop condition;

controlling, by a controller, an auxiliary hydraulic pressurization system in response to
the sensor signal, to maintain a hold pressure in a hydraulic control system included in the
transmission of the vehicle when the vehicle is in the stop condition by selectively diverting fluid
supplied toward the hydraulic control system from being used to pressurize the hydraulic
control system (i) by a regulator of the hydraulic control system in response to fluid movement

toward the hydraulic control system at a first pressure greater than a regulation pressure of the
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regulator and (i1) by a bypass valve of the auxiliary hydraulic pressurization system in response
to fluid movement toward the hydraulic control system at a second pressure greater than a

threshold bypass pressure that is substantially the same as the regulation pressure; and

turning off, by the controller, a drive unit of the vehicle, while the auxiliary hydraulic
pressurization system is maintaining the hold pressure, to stop the drive unit from driving a
main pump of the transmission that pressurizes the hydraulic control system to a run pressure

when the drive unit is in an on state.

9. The method of claim 8, wherein receiving the sensor signal indicative of the stop
condition comprises receiving, by the sensor, a sensor signal indicative that the vehicle is in a

process of stopping or has stopped.

10.  The method of claim 9, wherein receiving the sensor signal indicative of the stop
condition comprises generating, by the sensor, the sensor signal in response to a current velocity

of the vehicle falling below a reference threshold.

11.  The method of claim 8§, further comprising receiving, by a second sensor, a user
request for vehicle start and turning, by the controller, the drive unit on in response to receipt

of the user request.

12. The method of claim 8, further comprising powering the auxiliary hydraulic

pressurization system by an energy storage unit.

13. The method of claim 12, wherein powering the auxiliary hydraulic
pressurization system by the energy storage unit comprises powering the auxiliary hydraulic

pressurization system using a battery coupled to the drive unit.
14.  The method of claim 8, wherein the hold pressure is less than the run pressure.

15.  The method of claim 8, further comprising receiving, by a second sensor, a signal

indicative of the hold pressure supplied by the auxiliary hydraulic control system from the

Date Regue/Date Received 2020-07-28
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hydraulic circuit and turning on, by the controller, the drive unit if the hold pressure supplied is

less than a hold threshold pressure.
16. A vehicle comprising:
a drive unit having an on state to provide rotational power and an off state;

a transmission coupled to the drive unit including a gear train reconfigurable among a
number of gear ratios and a hydraulic control system configured to set the gear train in one of
the plurality of gear ratios, the hydraulic control system having a hydraulic reservoir, a hydraulic
circuit, and a main pump driven by the drive unit when the drive unit is in the on state to

pressurize the hydraulic circuit, and

an auxiliary hydraulic pressurization system coupled to the hydraulic reservoir and the
hydraulic circuit, the auxiliary hydraulic pressurization system configured to maintain
pressurization of the hydraulic circuit when the drive unit of the vehicle is in the off state, the
auxiliary hydraulic pressurization system including an auxiliary pump and a bypass valve

coupled between the auxiliary pump and the hydraulic circuit,

wherein (1) the hydraulic circuit includes a regulator configured to divert fluid supplied
thereto from being used to pressurize the hydraulic circuit in response to fluid movement toward
the regulator at a first pressure greater than a regulation pressure, (ii) the bypass valve is biased
to a closed condition and configured to open in response to fluid movement from the auxiliary
pump toward the hydraulic circuit at a second pressure greater than a threshold bypass pressure,
and (ii1) the regulation pressure and the threshold bypass pressure are substantially the same

when the main pump is not mechanically driven.

17. The vehicle of claim 16, wherein the transmission includes a controller coupled
to the hydraulic control system to control operation thereof and electrically coupled to the
auxiliary hydraulic pressurization system to turn on the auxiliary hydraulic pressurization

system in response to receipt of a signal indicating that the vehicle is in a stop condition.

Date Regue/Date Received 2020-07-28
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18.  The vehicle of claim 16, wherein the auxiliary hydraulic pressurization system
includes an auxiliary pump and a check valve coupled to the auxiliary pump and to the hydraulic
circuit, the check valve arranged to block backflow from the hydraulic circuit through the

auxiliary pump.

19.  The vehicle of claim 18, wherein the auxiliary hydraulic pressurization system
includes a pressure sensor configured to detect fluid pressure between the auxiliary pump and
the hydraulic circuit, the auxiliary pump configured to stop delivering fluid to the control circuit

in response to the pressure sensor detecting fluid pressure above a reference threshold.

20.  The vehicle of claim 18, wherein the hydraulic circuit includes a regulator
configured to regulate fluid pressure from the auxiliary hydraulic pressurization system that

flows through the rest of the hydraulic circuit.

21. The vehicle of claim 16, further comprising an energy storage unit coupled to
the auxiliary hydraulic pressurization system and configured to provide energy to the auxiliary

hydraulic pressurization system when the drive unit is in the off state.

22.  The vehicle of claim 21, wherein the energy storage unit is a battery coupled to

the drive unit and configured to charge when the drive unit is in the on state.

23.  The vehicle of claim 21, wherein the energy storage unit is a pressurized air

source.

24. The vehicle of claim 17, further comprising a sensor configured to produce a
signal indicating that the vehicle is in the stop condition in response to detecting that the vehicle

is stopped or in a process of stopping.

Date Regue/Date Received 2020-07-28
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