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TRANSMISSION WITH DISCRETE CLUTCH SHIFTING MANAGEMENT

Field of Disclosure

[0001] The present disclosure relates generally to transmissions, and more particularly to

shifting management for a transmission with a discrete clutch.

Background of Disclosure

[0002] Many vehicles typically include a transmission interposed between an engine and
driveshaft components to selectively control torque and speed ratios between a crankshaft and
the driveshaft. Some transmissions may be a manually operated automatic transmission such
that a driver may manually operate a shift lever located in the vehicle which commands gear
changes to the automatic transmission.

[0003] As an example, a clutch unit such as a discrete-type clutch may be utilized in the
automatic transmission for shifting between various gear ratios. For instance, when the
discrete-type clutch is installed in low/reverse position and first gear is applied the forward
pawls of the discrete-type clutch are engaged and loaded under positive engine torque and the
reverse pawls are engaged and loaded under negative engine torque, such as during engine
braking. As such, with the forward pawls engaged, during an engine power-off upshift, for
example, the reverse pawls are also engaged and become loaded due to the engine braking
involved in the process. Prior to actuating the discrete-type clutch for completing the upshift,
however, the reverse pawls must be unloaded.

[0004] U.S. Patent No. 6,409,630 (‘630 patent) discloses a power-off upshift control
method for a transmission. While the method of the ‘630 patent discloses controlling the
transmission during a power-off upshift, it fails to disclose controlling of any clutch during

such power-off upshift operations.

Summary of Disclosure

[0005] In accordance with an aspect of the disclosure, a sample sequence of steps for a
method for managing an automatic transmission is provided. The method may entail

receiving an upshift request via a first operator input device. Another step may be
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determining whether an engine state is in a power-off state. Yet another step may be
transmitting an increase engine torque signal request when the engine state is determined as
being in the power-off state. A further step may be determining whether an engine slip speed
is positive. An even further step may be controlling a multi-mode clutch module (MMCM)
of the automatic transmission to operate in a one-way clutch (OWC) state when the engine
slip speed is determined positive. A still further step may be determining whether the
MMCM is operating in the OWC state. Yet another further step may be transmitting a
terminate engine torque increase request when the MMCM is determined as operating in the
OWC state. Another further step may be controlling the transmission to operate in a desired
gear when the MMCM is operating in the OWC state.

[0006] In accordance with another aspect of the disclosure, an automatic transmission is
provided. The automatic transmission may include a multi-mode clutch module (MMCM)
including an outer race, an inner race disposed radially inwardly from the outer race, and at
least one reverse pawl and at least one forward pawl disposed radially between the outer race
and the inner race. An electronic transmission control unit (TCU) may be configured to
control the MMCM from operating in a lock state to operate in a one-way clutch (OWC)
state, during an upshift request when the TCU determines a power-off state of an engine,
such that the at least one reverse pawls is actuated from a lock state wherein the at least one
reverse pawl is engageable with the inner race to an OWC state position wherein the at least
one reverse pawl is unengageable with the inner race so that the transmission operates in a
desired gear of the upshift request.

[0007] In accordance with yet another aspect of the disclosure, a vehicle is provided. The
vehicle may include an engine including an electronic engine control unit (ECU). An
automatic transmission may be operatively coupled to the engine. A multi-mode clutch
module (MMCM) may be operatively disposed in the automatic transmission. The MMCM
may include an outer race, an inner race disposed radially inwardly from the outer race, and
at least one reverse pawl and at least one forward pawl disposed radially between the outer
race and the inner race. The vehicle may also include a first operator input device and a
second operator input device. An electronic transmission control unit (TCU) may be in
operative communication with the ECU, the automatic transmission, the MMCM, the first

operator input device, and the second operator input device. The TCU may be configured to:
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receive an upshift request via the first operator input device; determine whether an engine
state of the engine is in a power-off state; transmit an increase engine torque request signal to
the ECU when the engine state is determined as being in the power-off state; determine
whether an engine slip speed is positive; control the MMCM to operate in a one-way clutch
(OWC) state when the engine slip speed is determined positive; determine whether the
MMCM is operating in the OWC state; transmit a terminate engine torque increase request to
the ECU when the MMCM is determined as operating in the OWC state; and control the
transmission to operate in a desired gear of the upshift request when the MMCM is operating
in the OWC state.

[0008] These and other aspects and features of the present disclosure may be better

appreciated by reference to the following detailed description and accompanying drawings.

Brief Description of Drawings

[0009] FIG. 1 is a block diagram illustrating an exemplary vehicle including an exemplary
transmission, in accordance with an embodiment of the present disclosure;

[0010] FIG. 2 is a side view of an exemplary multi-mode clutch module of the exemplary
transmission, with sections removed and broken away, in accordance with an embodiment of
the present disclosure;

[0011] FIG. 3 is a series of plots illustrating a shift sequence of the exemplary transmission,
in accordance with an embodiment of the present disclosure; and

[0012] FIG. 4 is a flow chart illustrating a sample sequence of steps which may be
practiced in accordance with the teachings of the present disclosure.

[0013] It should be understood that the drawings are not to scale, and that the disclosed
embodiments are illustrated only diagrammatically and in partial views. It should also be

understood that this disclosure is not limited to the particular embodiments illustrated herein.

Detailed Description

[0014] Referring now to FIG. 1, an exemplary vehicle constructed in accordance with the
present disclosure is generally referred to by reference numeral 10. The vehicle 10 may be
any type of vehicle such as, but not limited to, automobiles, trucks, vans, and other well-

known vehicles. The vehicle 10 includes a transmission 12, an engine 14, a torque converter
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16, and drive wheels 18. The engine 14 may be any type of internal or external combustion
engine such as, but not limited to, gas turbine engines, diesel engines, and other engines well-
known in the industry. The transmission 12 is operatively coupled to the drive wheels 18 via
a transmission output shaft 20 and other mechanical components (not shown) such as, but not
limited to, a final drive shaft, a transfer case, and a differential. The transmission 12 includes
a multi-mode clutch module (MMCM) 22, which is a discrete-type clutch (e.g. cannot vary
force), in operative engagement with a gear set of a plurality of gear sets (not shown) to
provide a plurality of selective gear ratios between the transmission output shaft 20 and a
turbine shaft 24 splined to a transmission input 26 of the transmission 12.

[0015] The torque converter 16 is disposed between the transmission 12 and the engine 14
such that the torque converter 16 is operatively coupled to the turbine shaft 24 and is also
operatively coupled to the engine 14 via a torque converter input 28, which may be splined to
an engine output 30 of the engine 14. The engine 14 is in communication with an engine
control unit (ECU) 32 configured to control various operating components and parameters of
the engine 14, such as engine torque. The ECU 32 may be implemented by one or more
microprocessors or controllers from any desired family or manufacturer. In some
embodiments, the ECU 32 includes a first local memory 34 in communication with a first
read-only memory 36 and a first random access memory 38 via a first bus 40.

[0016] Moreover, in some embodiments, the transmission 12 is an automatic transmission
and is in communication with a transmission control unit (TCU) 42 configured to control the
transmission 12 and, in particular, the MMCM 22 for selectively changing between the
various gear ratios. The TCU 42 may be implemented by one or more microprocessors or
controllers from any desired family or manufacturer. In some embodiments, the TCU 42
includes a second local memory 44 in communication with a second read-only memory 46
and a second random access memory 48 via a second bus 50. The TCU 42 is in
communication with the ECU 32 and is configured to generate and transmit engine torque
requests to the ECU 32. In some embodiments, the TCU 42 further includes a speed
controller 52 configured to generate and transmit engine torque requests to the ECU 32.
[0017] The TCU 42 is also in communication with a first operator input device 54 and a
second operator input device 56. In some embodiments, the first operator input device 54 is a

shift lever disposed in the vehicle 10. The first operator input device 54 is configured to
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transmit shift request signals, such as upshift request signals, when toggled, to the TCU 42
for controlling the transmission 12 and, in particular, the MMCM 22. The second operator
input device 56 is, in some embodiments, a foot pedal disposed in the vehicle 10. The second
operator input device 56 is configured to transmit a power-on signal to the TCU 42 when the
second operator input device 56 is depressed and configured to transmit an engine power-off
signal to the TCU 42 when the second operator input device 56 is un-depressed (e.g. when
the operator lifts foot off of the foot pedal). In some embodiments, the TCU 42 is configured
to receive engine speed signals and turbine speed signals for determining engine slip speed
such that a positive engine slip speed is defined as the engine speed being greater than the
turbine speed and a negative engine slip speed is defined as the engine speed being less that
the turbine speed.

[0018] With reference to FIG. 2, the MMCM 22 of the transmission 12 includes an outer
race 58 and an inner race 60. In an embodiment, the outer race 58 is securely coupled to a
transmission case 62 (depicted in FIG. 1) of the transmission 12 such that the outer race 58 is
stationary with respect to the transmission case 62. The inner race 60 is disposed radially
inwardly from the outer race 58 and is rotatable with respect to the outer race 58. In an
embodiment, the inner race 60 is also coupled to a carrier of a gear set of the plurality of gear
sets (not shown) of the transmission.

[0019] The MMCM 22 further includes at least one reverse pawl 64 and at least one
forward pawl 66 disposed radially between the outer race 58 and the inner race 60. In some
embodiments, the at least one reverse pawl 64 and the at least one forward pawl 66 are
pivotally disposed on a plate 68 coupled to the outer race 58. The MMCM 22 may be
selectively actuated to position the at least one reverse pawl 64 and the at least one forward
pawl 66 into various combinations of engaged and unengaged positions with respect to the
inner race 60.

[0020] The MMCM 22 includes a lock state such that the at least one reverse pawl 64 and
the at least one forward pawl 66 are actuated into a lock positon so that the at least one
reverse pawl 64 and the at least one forward pawl 66 are engaged (e.g. in position to transmit
torque dependent upon positive or negative engine torque) with the inner race 60. As such,
when the MMCM 22 is in the lock state and under positive engine torque, the at least one

forward pawl 66 is loaded such that the at least one forward pawl 66 locks against the inner
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race 60 to hold the inner race 60 stationary, with respect to the outer race 58, by preventing
the inner race 60 from rotating in a first direction 70. Moreover, while still in the lock state
but under negative engine torque, on the other hand, the at least one reverse pawl 64 is loaded
instead such that the at least one reverse pawl 64 locks against the inner race 60 to hold the
inner race 60 stationary, with respect to the outer race 58, by preventing the inner race 60
from rotating in a second direction 72, which is an opposite direction from the first direction
70.

[0021] The MMCM 22 also includes a one-way clutch (OWC) state in which the at least
one forward pawl 66 and the at least one reverse pawl 64 are actuated in an OWC state
position. As such, the at least one forward pawl 66 is engaged with the inner race 60 while
the at least one reverse pawl 64 is unengaged (e.g. lifted off from the inner race 60) with the
inner race 60 such that, under positive engine torque, the at least one forward pawl 66 is
loaded to lock against the inner race 60 and prevent the inner race 60 from rotating, with
respect to the outer race 58, in the first direction. While under negative engine torque, on the
other hand, the inner race 60 is free to rotate in the second direction 72 as the at least one
forward pawl 66 overruns because the at least one reverse pawl 64 is unengaged with the
inner race 60.

[0022] The MMCM 22 further includes a free state in which both the at least one reverse
pawl 64 and the at least one forward pawl 66 are actuated in a free state position such that
both the at least one reverse pawl 64 and the at least one forward pawl 66 are unengaged (e.g.
lifted off from) the inner race 60, which is free to rotate in either the first direction 70 or the
second direction 72.

[0023] The MMCM 22 may actuate the at least one reverse pawl 64 and the at least one
forward pawl 66 into the lock state, the OWC state, and the free state via a single cam, a first
and a second cam, centrifugally, or in any combination thereof, to name a few non-limiting
examples. In an embodiment, a cam of the MMCM 22, such as cam 73 exemplarily
illustrated in FIG. 2, actuates both the at least one reverse pawl 64 and the at least one
forward pawl 66 into the various states. In some embodiments, the at least one reverse pawl
64 is actuated via a cam and the at least one forward pawl 66 is centrifugally actuated. In
some other embodiments, the at least one reverse pawl 64 is actuated via a first cam and the

at least one forward pawl 66 is actuated via a second cam.
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[0024] During operation, the TCU 42 is configured to control the transmission 12 based on
the shift requests signals received from the first operator input device 54. A shifting change,
such as an engine power-off upshift, for example, involves a shift sequence for completing
such a shift change, as exemplarily illustrated in FIG. 3. The engine power-off upshift may
be any type of engine power-off upshift. The series of plots 74 illustrated in FIG. 3 are
depicted adjacent one another to provide a visual comparison with respect to time of changes
in the speed of the engine 14 at an engine speed curve 76, the speed of the turbine shaft 24 at
a turbine speed curve 78, the engine torque at an engine torque curve 80, the state of the
MMCM 22 at a MMCM state curve 82, the shift request via the first operator input device 54
at a gear ratio curve 84, the state of the at least one forward pawl 66 at a forward pawl state
curve 86, and the state of the at least one reverse pawl 64 at a reverse pawl state curve 88.
[0025] As illustrated in the series of plots 74, the transmission 12 is initially operating in
first gear such that the engine speed is greater than the turbine speed depicting a positive
engine slip speed; the engine torque is positive; and the MMCM 22 is in the lock state with
the at least one forward pawl 66 engaged and loaded with the inner race 60 due to the positive
engine torque. At the first time marker 90, the second operator input device 56 is un-
depressed initiating the engine power-off, upshift transition such that the engine slip changes
from positive to negative (e.g. the engine speed is less than the turbine speed); the engine
torque is negative; and the MMCM 22 is still in the lock state but with the at least one reverse
pawl 64 engaged and loaded with the inner race 60, instead of the at least one forward pawl
66 being loaded, due to the change from positive engine torque to negative engine torque.
[0026] At a second time marker 92, the first operator input device 54 is toggled such that an
upshift request signal is transmitted to the TCU 42 for transmitting an engine torque increase
to the ECU 32. As illustrated between the second time marker 92 and a third time marker 94,
the engine speed is increasing to become greater than the turbine speed such that the engine
slip transitions from negative to positive for increasing the engine torque. During this period,
the TCU 42 determines, based on the positive engine slip speed, that the at least one forward
pawl 66 is engaged and loaded with the inner race 60 and then controls the MMCM 22 to
operate in the OWC state such that the at least one reverse pawl 64 is actuated to be un-
engageable with the inner race 60. With the MMCM 22 in the OWC state, the TCU 42

controls the transmission 12 to enter the desired gear such that the inner race 60 is free to
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rotate in the second direction 72 under negative engine torque. Moreover, the TCU 42
transmits a terminate engine torque request to the ECU 32 and then the TCU 42 controls the
MMCM 22 to transition from the OWC state to the free state. As illustrated between the
third time marker 94 and a fourth time marker 96, with the MMCM 22 in the free state, the
ECU 32 controls the engine torque based on an engine demand torque, which may be based
on demands via the second operator input device 56. At the fourth time marker 96, the
power-off upshift request is completed such that the transmission operates in the desired gear.
[0027] FIG. 4 illustrates a flow chart 400 of a sample sequence of steps which may be
performed to manage an automatic transmission during an engine power-off upshift request.
As illustrated at block 410, the TCU 42 receives an upshift request signal via the first
operator input device 54. At decision block 412, the TCU 42 determines whether the engine
is in a power-off state or a power-on state. If the TCU 42 determines that the engine is in the
power-on state via the power-on signal received from the second operator input device 56
indicating that the second operator input device is depressed, then the TCU 42 initiates an
engine power-on upshift sequence, as illustrated in block 414. On the other hand, if the TCU
42 determines that the engine is in the power-off state via the power-off signal received from
the first operator input device 54, then the TCU 42 transmits the increase engine torque
request signal to the ECU 32 for increasing engine torque, as illustrated at block 416.

[0028] As the engine torque is increasing, the TCU 42 determines whether the engine slip
is positive (e.g. the engine speed is greater than the turbine speed), as illustrated in decision
block 418. If the TCU 42 determines that the engine slip speed is negative, then the TCU 42
continues to transmit the increase engine torque request signal to the ECU 32, as illustrated
by the return loop to block 416. If the TCU 42 determines that the engine slip speed is
positive, then the TCU 42 controls the MMCM 22 to operate in the OWC state, as illustrated
at block 420. As illustrated at decision block 422, the TCU 42 determines whether the
MMCM 22 is operating in the OWC state. If the TCU 42, determines that the MMCM 22 is
not operating in the OWC state, then the TCU 42 continues to control the MMCM 22 to
operate in the OWC state, as illustrated by the return loop to block 420. If the TCU 42
determines that the MMCM 22 is operating in the OWC state, then the TCU 42 transmits a
terminate engine torque increase request to the ECU 32, as illustrated at block 424, and

controls the transmission to operate in the desired gear such that the inner race 60 rotates in
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the second direction 72 as necessitated by operating in the desired gear. As illustrated at
block 426, as the transmission 12 is operating in the desired gear, the TCU 42 then controls
the MMCM 22 to operate in the free state.

Industrial Applicability

[0029] Based on the foregoing, it can be seen that the present disclosure can find
applicability in various types of vehicles such as, but not limited to, automobiles, trucks,
vans, and other well-known vehicles. Through the novel teachings set forth above, the
automatic transmission 12 provides an engine power-off upshift while utilizing a discrete-
type clutch, such as the MMCM 22. Moreover, the automatic transmission 12 of the present
disclosure may overcome the challenges presented in other transmission designs when
controlling a discrete-type clutch implemented in a transmission during such an upshift
request.

[0030] For example, during an engine power-off upshift request, reverse pawls of a
discrete-type clutch of a typical transmission may be engaged and loaded due to negative
engine torque as a result of engine braking. With the reverse pawls engaged, however,
various gear sets of such a transmission that are in operative association with the reverse
pawls may be prevented from rotating appropriately such that upshifting may not be
achieved. The automatic transmission 12 of the present disclosure, on the other hand,
overcomes such challenges by controlling the MMCM 22 to unload or unengaged the reverse
pawls based on positive engine slip speed during such an upshift request so that the
transmission 12 provides proper rotation of the gear sets therein for operating in the desired

gear.
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What is claimed is:
1. A method of managing an automatic transmission (12), the method comprising:

receiving an upshift request via a first operator input device (54);
determining whether an engine state is in a power-off state;

transmitting an increase engine torque request signal when the engine state is

determined as being in the power-off state;
determining whether an engine slip speed is positive;

controlling a multi-mode clutch module (MMCM) (22) of the automatic
transmission (12) to operate in a one-way clutch (OWC) state when the engine slip

speed is determined positive;
determining whether the MMCM (22) is operating in the OWC state;

transmitting a terminate engine torque increase request when the MMCM (22)

is determined as operating in the OWC state; and

controlling the transmission (12) to operate in a desired gear when the MMCM

(22) is operating in the OWC state.

2. The method of claim 1, further including controlling the MMCM (22) to operate in a

free state when the transmission (12) is operating in the desired gear.

3. The method of claim 1, wherein transmitting an increase engine torque signal request
further includes transmitting the increase engine torque signal request to an electronic engine

control unit (32).

4. The method of claim 1, wherein transmitting a terminate engine torque increase
request further includes transmitting the terminate engine torque increase request to an

electronic engine control unit (32).

5. The method of claim 1, wherein controlling a multi-mode clutch module (MMCM)
(22) of the automatic transmission (12) to operate in a one-way clutch (OWC) state further

10
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includes controlling the MMCM (22) of the automatic transmission (12) from operating in a

lock state of the MMCM (22) to operate in the OWC state.

6. The method of claim 1, wherein determining whether an engine state is in a power-off
state further includes determining whether the engine state is in the power-off state based on

an engine power-off signal via a second operator input device.
7. An automatic transmission (12), comprising:

a multi-mode clutch model (MMCM) (22) including an outer race (58), an inner
race (60) disposed radially inwardly from the outer race (58), and at least one reverse
pawl (64) and at least one forward pawl (66) disposed radially between the outer race

(58) and the inner race (60); and

an electronic transmission control unit (TCU) (42) in operative communication
with the MMCM (22), the TCU (42) configured to control the MMCM (22) from
operating in a lock state to operate in a one-way clutch (OWC) state, during an upshift
request when the TCU (42) determines a power-off state of an engine, such that the at
least one reverse pawl (64) is actuated from a lock state wherein the at least one
reverse pawl (64) is engageable with the inner race (60) to a OWC state position
wherein the at least one reverse pawl (64) is unengageable with the inner race (60) so

that the transmission (12) operates in a desired gear of the upshift request.

8. The automatic transmission (12) of claim 7, wherein the TCU (42) is further
configured to: receive the upshift request via a first operator input device (54), determine the
engine power-off state of the engine via receiving a power-off signal from a second operator
input device (56), transmit an increase engine torque signal request when the engine is
determined as being in the power-off state, and determine an engine slip speed is positive
before controlling the MMCM (22) from operating in the lock state to operate in the one-way
clutch (OWC) state.

0. The automatic transmission (12) of claim 8, wherein the TCU (42) is further
configured to transmit the increase engine torque signal request to an electronic engine

control unit (32).

11
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10.  The automatic transmission (12) of claim 8, wherein the TCU (42) is further
configured to transmit a terminate engine torque increase request to the electronic engine

control unit (32) when the MMCM (22) is determined as operating in the OWC state.

11.  The automatic transmission (12) of claim 10, wherein the TCU (42) is further
configured to control the MMCM (22) to operate from the OWC state to a free state when the
transmission (12) is operating in the desired gear such that both the at least one reverse pawl

(64) and the at least one forward pawl (66) are unengageable with the inner race (60).
12. A vehicle (10), comprising:
an engine (14) including an electronic engine control unit (ECU) (32);
an automatic transmission (12) operatively coupled to the engine (14),

a multi-mode clutch module (MMCM) (22) operatively disposed in the
automatic transmission (12), the MMCM (22) including an outer race (58), an inner
race (60) disposed radially inwardly from the outer race (58), and at least one reverse
pawl (64) and at least one forward pawl (66) disposed radially between the outer race

(58) and the inner race (60);
a first operator input device (54),
a second operator input device (56);

an electronic transmission control unit (TCU) (42) in operative
communication with the ECU (32), the automatic transmission (12), the MMCM (22),
the first operator input device (54), and the second operator input device (56), the

TCU (42) configured to:
receive an upshift request via the first operator input device (54);

determine whether an engine state of the engine (14) is in a power-off

state;

transmit an increase engine torque request signal to the ECU (32) when

the engine state is determined as being in the power-off state;

12
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determine whether an engine slip speed is positive;

control the MMCM (22) to operate in a one-way clutch (OWC) state

when the engine slip speed is determined positive;
determine whether the MMCM (22) is operating in the OWC state;

5 transmit a terminate engine torque increase request to the ECU (32)

when the MMCM (22) is determined as operating in the OWC state; and

control the transmission (12) to operate in a desired gear of the upshift

request when the MMCM (22) is operating in the OWC state.

10 13. The vehicle (10) of claim 12, wherein the TCU (42) is further configured to control
the MMCM (22) to operate in a free state when the transmission (12) is operating in the

desired gear.

14.  The vehicle (10) of claim 12, wherein the first operator input device (54) is a shift

lever disposed in the vehicle (10).

15 15 The vehicle (10) of claim 12, wherein the second operator input device (56) is a foot

pedal disposed in the vehicle (10).

13
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