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(57) Abstract: The present disclosure provides an actuation assembly for applying a mechanical diode clutch. The clutch includes an
outer member, an inner member, and a strut. The actuation assembly includes a plate having an apply portion and a plurality of legs,
where each of the plurality of legs has a first end coupled to the apply portion and a second end adapted to couple to a shift sleeve. A
mechanism is coupled to the apply portion of the plate. The mechanism includes at least one biasing member. The plate is moveable
between an unapply position and an apply position such that a movement from the unapply position to the apply position induces
contact between the mechanism and the strut.
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SYSTEM AND METHOD FOR ACTUATING A MECHANICAL DIODE CLUTCH
ASSEMBLY

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to a transmission, and in particular, to a system and

method for controlling a clutch assembly of the transmission.

BACKGROUND

[0002] Conventional transmission assemblies utilize clutch or clutch assemblies in a wide

array of applications to selectively couple power from an input member to an output member.
The input member can be a driving disk, hub, or plate and the output member can be a driven
disk, hub, or plate. When the clutch or clutch assembly is engaged, power from the input
member can be transferred to the output member. Many conventional transmissions
incorporate different clutch designs into their respective systems for selectively transferring
power from the input of the transmission to the output thereof. Some of the designs, such as
a mechanical diode clutch, can provide improvements to shifting, cost, and packaging. The
mechanical diode clutch can result in increased efficiency by cutting spin losses and

providing fuel consumption advantages over other clutch designs.

SUMMARY
[0003] In an embodiment of the present disclosure, an actuation assembly is provided for
applying a mechanical diode clutch. The clutch includes an outer member, an inner member,
and a strut. The actuation assembly includes a plate having an apply portion and a plurality
of legs, where each of the plurality of legs has a first end coupled to the apply portion and a
second end adapted to couple to a shift sleeve. A mechanism is coupled to the apply portion
of the plate. The mechanism includes at least one biasing member. The plate is moveable
between an unapply position and an apply position such that a movement from the unapply
position to the apply position induces contact between the mechanism and the strut.
[0004] In one aspect, the second end of at least one of the plurality of legs comprises a

bent end adapted to couple to the shift sleeve. In a second aspect, the apply portion forms a
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substantially planar face that is disposed substantially orthogonal to the plurality of legs. Ina
third aspect, the apply portion defines an opening therein for receiving the mechanism. In
another aspect, a retaining clip is provided for coupling the mechanism to the apply portion.
In a further aspect, the mechanism is moveable about an axial direction relative to the apply
portion. In yet a further aspect, splined teeth are formed on an inner diameter of the plate,
the splined teeth configured to engage corresponding teeth on an internal body. In a different
aspect, a dimple is formed on a bottom surface of each of the plurality of legs, where in the
apply position the dimple is adapted to be received within a recess defined in an internal
body.

[0005] In another aspect, the mechanism comprises a spring coupled to the apply portion.
In a different aspect, the mechanism comprises a pin coupled to the apply portion of the
plate, where the apply portion defines an opening for receiving the pin. The mechanism
further includes a spring circumscribing the pin and disposed between the plate and one end
of the pin. In yet another aspect, the mechanism comprises a cap and a spring. The cap is
coupled to the apply portion of the plate, where the apply portion defines an opening for
receiving the cap. The spring is coupled at one end to the cap. In a further aspect, the
mechanism comprises a plunger coupled to the apply portion of the plate, the plunger
defining an interior cavity for receiving a spring and a retractable member. The spring is
substantially retained within the interior cavity and the retractable member is coupled to the
spring and at least a portion of the recessed end protrudes from the interior cavity. In an
alternative aspect, the recessed portion is disposed substantially within the interior cavity in
the apply position and is at least partially disposed outside of the interior cavity in the
unapply position.

[0006] In another embodiment, a transmission system includes a mechanical diode clutch
including an outer member and an inner member. The outer member is coupled to an outer
body and the inner member is coupled to an inner body. The outer member is structured to
define a recessed opening. A strut is positioned relative to the outer member for being at
least partially received in the recessed opening. The system also includes a shift sleeve
moveable from a first position to a second position, where the shift sleeve defines a first

opening adapted to receive a shift fork. An actuation assembly includes a plate having an
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apply portion and a plurality of legs. Each of the plurality of legs has a first end coupled to
the apply portion and a second end coupled to the shift sleeve. A mechanism is coupled to
the apply portion of the plate. Here, a movement of the shift sleeve between the first position
and second position induces a substantially concomitant movement of the actuation assembly
between an apply position and an unapply position. Moreover, in the apply position, the
mechanism is disposed in contact with the strut.

[0007] In one aspect, the shift sleeve includes a defined notch for receiving the second
end of each of the plurality of legs. In a second aspect, splined teeth are formed on an inner
diameter of the plate such that the splined teeth are configured to engage corresponding teeth
on the inner body. In a third aspect, the inner body comprises a plurality of locations about
its outer diameter that are substantially free of any teeth, where at least one of the plurality of
legs is disposed in at least one of the plurality of locations. In a fourth aspect, a dimple is
formed on a bottom surface of each of the plurality of legs and a recess is defined in an outer
diameter of the inner body. In the apply position, the dimple is adapted to be received within
the defined recess. In another aspect, the mechanism includes a pin coupled to the apply
portion of the plate and a spring circumscribing the pin and disposed between the plate and
one end of the pin. The apply portion defines an opening for receiving the pin. In a different
aspect, the mechanism includes a plunger coupled to the apply portion of the plate, a spring
being substantially retained within an interior cavity of the plunger, and a retractable member
coupled to the spring. In the apply position, at least a portion of the recessed member is
disposed in the interior cavity of the plunger in the apply position.

[0008] In an alternative aspect, the transmission system can include a second mechanical
diode clutch including an outer member and an inner member. The outer member is coupled
to a second outer body and the inner member is coupled to the inner body, where the outer
member is structured to define a recessed opening. A second strut is positioned relative to
the outer member for being at least partially received in the recessed opening. A second shift
sleeve is moveable from a first position to a second position. The system can further include
a second actuation assembly having a plate with an apply portion and a plurality of legs,
where each of the plurality of legs has a first end coupled to the apply portion and a second

end coupled to the second shift sleeve. A second mechanism is coupled to the apply portion
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of the plate. The first actuation assembly moves in a first direction from the unapply position
to the apply position and the second actuation assembly moves in a second direction from the
unapply position to the apply position, where the first direction is opposite the second
direction. In a related aspect, each of the plurality of legs of the first and second actuation
assemblies are positioned between the inner body and the upper members of both the first

and second mechanical diode clutches.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above-mentioned aspects of the present invention and the manner of

obtaining them will become more apparent and the invention itself will be better understood
by reference to the following description of the embodiments of the invention, taken in
conjunction with the accompanying drawings, wherein:

[0010] Fig. 1 is a schematic of a first embodiment of a partial transmission system;
[0011] Fig. 2 is a side perspective view of an actuation plate for mechanically actuating a
mechanical diode clutch assembly;

[0012] Fig. 3 is a side perspective view of another actuation plate for mechanically
actuating a mechanical diode clutch assembly;

[0013] Fig. 4 is a schematic of a second embodiment of a partial transmission system;
[0014] Fig. 5 is a schematic of a third embodiment of a partial transmission system;
[0015] Fig. 6 is a schematic of an actuation plate for engaging a mechanical diode clutch
assembly;

[0016] Fig. 7 is a schematic of another actuation plate for engaging a mechanical diode
clutch assembly; and

[0017] Fig. 8 is a block diagram and schematic view of one embodiment of a powered
vehicular system.

[0018] Corresponding reference numerals are used to indicate corresponding parts

throughout the several views.

DETAILED DESCRIPTION
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[0019] The embodiments of the present invention described below are not intended to be
exhaustive or to limit the invention to the precise forms disclosed in the following detailed
description. Rather, the embodiments are chosen and described so that others skilled in the
art may appreciate and understand the principles and practices of the present invention.
[0020] Referring first to FIG. 8, a block diagram and schematic view of one illustrative
embodiment of a vehicular system 800 having a drive unit 802 and transmission 818 is
shown. In the illustrated embodiment, the drive unit 802 may include an internal combustion
engine, diesel engine, electric motor, or other power-generating device. The drive unit 802 is
configured to rotatably drive an output shaft 804 that is coupled to an input or pump shaft
806 of a conventional torque converter 808. The input or pump shaft 806 is coupled to an
impeller or pump 810 that is rotatably driven by the output shaft 804 of the drive unit 802.
The torque converter 808 further includes a turbine 812 that is coupled to a turbine shaft 814,
and the turbine shaft 814 is coupled to, or integral with, a rotatable input shaft 824 of the
transmission 818. The transmission 818 can also include an internal pump 820 for building
pressure within different flow circuits (e.g., main circuit, lube circuit, etc.) of the
transmission 818. The pump 820 can be driven by a shaft 816 that is coupled to the output
shaft 804 of the drive unit 802. In this arrangement, the drive unit 802 can deliver torque to
the shaft 816 for driving the pump 820 and building pressure within the different circuits of
the transmission 818.

[0021] In Fig. 8, the transmission 818 is shown including a planetary gear system 822
having a number of automatically selected gears (i.e., each having its own discrete gear
ratio). Alternatively, in a different aspect (e.g., without a torque converter), the transmission
818 may be structured as an infinitely-variable transmission (IVT) or continuously-variable
transmission (CVT) which can produce an infinite number of gear ratios or speed ratios. In
any event, an output shaft 826 of the transmission 818 is coupled to or integral with, and
rotatably drives, a propeller or drive shaft 828 that is coupled to a conventional universal
joint 830. The universal joint 830 is coupled to, and rotatably drives, an axle 832 having
wheels 834A and 834B mounted thereto at each end. The output shaft 826 of the
transmission 818 drives the wheels 834A and 834B in a conventional manner via the

propeller or drive shaft 828, universal joint 830 and axle 832.
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[0022] A conventional lockup clutch 836 is connected between the pump 810 and the
turbine 812 of the torque converter 808. The operation of the torque converter 808 is
conventional in that the torque converter 808 is operable in a so-called "torque converter"
mode during certain operating conditions such as vehicle launch, low speed and certain gear
shifting conditions. In the torque converter mode, the lockup clutch 836 is disengaged and
the pump 810 rotates at the rotational speed of the drive unit output shaft 804 while the
turbine 812 is rotatably actuated by the pump 810 through a fluid (not shown) interposed
between the pump 810 and the turbine 812. In this operational mode, torque multiplication
occurs through the fluid coupling such that the turbine shaft 814 is exposed to drive more
torque than is being supplied by the drive unit 802, as is known in the art. The torque
converter 808 is alternatively operable in a so-called "lockup" mode during other operating
conditions, such as when certain gears of the planetary gear system 822 of the transmission
818 are engaged. In the lockup mode, the lockup clutch 836 is engaged and the pump 810 is
thereby secured directly to the turbine 812 so that the drive unit output shaft 804 is directly
coupled to the input shaft 824 of the transmission 818, as is also known in the art.

[0023] The transmission 818 further includes an electro-hydraulic system 838 that is
fluidly coupled to the planetary gear system 822 via a number, J, of fluid paths, 840,-840j,
where J may be any positive integer. The electro-hydraulic system 838 is responsive to
control signals to selectively cause fluid to flow through one or more of the fluid paths, 840;-
840, to thereby control operation, i.c., engagement and disengagement, of a plurality of
corresponding friction devices in the planetary gear system 822. The plurality of friction
devices may include, but are not limited to, one or more conventional brake devices, one or
more torque transmitting devices, and the like. Generally, the operation, i.e., engagement
and disengagement, of the plurality of friction devices is controlled by selectively controlling
the friction applied by each of the plurality of friction devices, such as by controlling fluid
pressure to each of the friction devices. In one example embodiment, which is not intended
to be limiting in any way, the plurality of friction devices include a plurality of brake and
torque transmitting devices in the form of conventional clutches that may each be
controllably engaged and disengaged via fluid pressure supplied by the electro-hydraulic

system 838. In any case, changing or shifting between the various gears of the transmission
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818 is accomplished in a conventional manner by selectively controlling the plurality of
friction devices via control of fluid pressure within the number of fluid paths 840,-840;.
[0024] The system 800 can further include a transmission control circuit 842 that can
include a memory unit 844. The transmission control circuit 842 is illustratively
microprocessor-based, and the memory unit 844 generally includes instructions stored
therein that are executable by the transmission control circuit 842 to control operation of the
torque converter 808 and operation of the transmission 818, i.e., shifting between the various
gear ratios or speed ratios of the planetary gear system 822. It will be understood, however,
that this disclosure contemplates other embodiments in which the transmission control circuit
842 is not microprocessor-based, but is configured to control operation of the torque
converter 808 and/or transmission 818 based on one or more sets of hardwired instructions
and/or software instructions stored in the memory unit 844.

[0025] In the system 800 illustrated in Figure 1, the torque converter 808 and the
transmission 818 include a number of sensors configured to produce sensor signals that are
indicative of one or more operating states of the torque converter 808 and transmission 818,
respectively. For example, the torque converter 808 illustratively includes a conventional
speed sensor 846 that is positioned and configured to produce a speed signal corresponding
to the rotational speed of the pump shaft 806, which is the same rotational speed of the output
shaft 804 of the drive unit 802. The speed sensor 846 is electrically connected to a pump
speed input, PS, of the transmission control circuit 842 via a signal path 852, and the
transmission control circuit 842 is operable to process the speed signal produced by the speed
sensor 846 in a conventional manner to determine the rotational speed of the turbine shaft
806/drive unit output shaft 804.

[0026] The transmission 818 illustratively includes another conventional speed sensor
848 that is positioned and configured to produce a speed signal corresponding to the
rotational speed of the transmission input shaft 824, which is the same rotational speed as the
turbine shaft 814. The input shaft 824 of the transmission 818 is directly coupled to, or
integral with, the turbine shaft 814, and the speed sensor 848 may alternatively be positioned
and configured to produce a speed signal corresponding to the rotational speed of the turbine

shaft 814. In any case, the speed sensor 848 is electrically connected to a transmission input
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shaft speed input, TIS, of the transmission control circuit 842 via a signal path 854, and the
transmission control circuit 842 is operable to process the speed signal produced by the speed
sensor 848 in a conventional manner to determine the rotational speed of the turbine shaft
814/transmission input shaft §24.

[0027] The transmission 818 further includes yet another speed sensor 850 that is
positioned and configured to produce a speed signal corresponding to the rotational speed of
the output shaft 826 of the transmission 818. The speed sensor 850 may be conventional, and
is electrically connected to a transmission output shaft speed input, TOS, of the transmission
control circuit 842 via a signal path 856. The transmission control circuit 842 is configured
to process the speed signal produced by the speed sensor 850 in a conventional manner to
determine the rotational speed of the transmission output shaft 826.

[0028] In the illustrated embodiment, the transmission 818 further includes one or more
actuators configured to control various operations within the transmission 818. For example,
the electro-hydraulic system 838 described herein illustratively includes a number of
actuators, e.g., conventional solenoids or other conventional actuators, that are electrically
connected to a number, J, of control outputs, CP; - CPj, of the transmission control circuit
842 via a corresponding number of signal paths 872; - 8725, where J may be any positive
integer as described above. The actuators within the electro-hydraulic system 838 are each
responsive to a corresponding one of the control signals, CP; - CPy, produced by the
transmission control circuit 842 on one of the corresponding signal paths 872 - 872; to
control the friction applied by each of the plurality of friction devices by controlling the
pressure of fluid within one or more corresponding fluid passageway 840, - 840;, and thus
control the operation, i.e., engaging and disengaging, of one or more corresponding friction
devices, based on information provided by the various speed sensors 846, 848, and/or 850.
The friction devices of the planetary gear system 822 are illustratively controlled by
hydraulic fluid which is distributed by the electro-hydraulic system in a conventional
manner. For example, the electro-hydraulic system 838 illustratively includes a conventional
hydraulic positive displacement pump (not shown) which distributes fluid to the one or more
friction devices via control of the one or more actuators within the electro-hydraulic system

838. In this embodiment, the control signals, CP; - CP;, are illustratively analog friction
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device pressure commands to which the one or more actuators are responsive to control the
hydraulic pressure to the one or more frictions devices. It will be understood, however, that
the friction applied by each of the plurality of friction devices may alternatively be controlled
in accordance with other conventional friction device control structures and techniques, and
such other conventional friction device control structures and techniques are contemplated by
this disclosure. In any case, however, the analog operation of each of the friction devices is
controlled by the control circuit 842 in accordance with instructions stored in the memory
unit 844.

[0029] In the illustrated embodiment, the system 800 further includes a drive unit control
circuit 860 having an input/output port (I/O) that is electrically coupled to the drive unit 802
via a number, K, of signal paths 862, wherein K may be any positive integer. The drive unit
control circuit 860 may be conventional, and is operable to control and manage the overall
operation of the drive unit 802. The drive unit 802 may include an engine brake, exhaust
brake, or similar speed-retarding device for reducing the speed of the drive unit 802. The
drive unit control circuit 860 can be electrically and operably coupled to the speed-retarding
device via one of the signal paths 862 to control the speed of the drive unit 802.

[0030] The drive unit control circuit 860 further includes a communication port, COM,
which is electrically connected to a similar communication port, COM, of the transmission
control circuit 842 via a number, L, of signal paths 864, wherein L may be any positive
integer. The one or more signal paths 864 are typically referred to collectively as a data link.
Generally, the drive unit control circuit 860 and the transmission control circuit 842 are
operable to share information via the one or more signal paths 864 in a conventional manner.
In one embodiment, for example, the drive unit control circuit 860 and transmission control
circuit 842 are operable to share information via the one or more signal paths 864 in the form
of one or more messages in accordance with a society of automotive engineers (SAE) J-1939
communications protocol, although this disclosure contemplates other embodiments in which
the drive unit control circuit 860 and the transmission control circuit 842 are operable to
share information via the one or more signal paths 864 in accordance with one or more other

conventional communication protocols.
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[0031] Referring to Fig. 1, one embodiment of a transmission system 100 is shown. The
system 100 can be an automatic transmission having a number of discrete gear ratios.
Alternatively, the system 100 can include an infinitely variable or continuously variable
transmission that can provide a plurality of different gear ratios. Other possible transmission
configurations are possible in the system 100.

[0032] In one example, the system 100 includes a transmission capable of operating in at
least four modes. Each mode can be obtained by applying different combinations of clutch
assemblies. For instance, in Fig. 1, the system can include a first mechanical diode clutch
assembly 102, a second mechanical diode clutch assembly 104, a third mechanical diode
clutch assembly 106, and a fourth mechanical diode clutch assembly 108. In other
embodiments, there can be additional or fewer mechanical diode clutch assemblies. In Fig.
1, however, the four modes can be obtained by applying different combinations of the four
mechanical diode clutch assemblies.

[0033] In Fig. 1, the first mechanical diode clutch assembly 102 and second mechanical
diode clutch assembly 104 are configured in a conventional manner such that each forms a
one-way clutch and is directly applied by a shift sleeve. For example, the first mechanical
diode clutch assembly 102 includes an outer member 110 and an inner member 112 that can
rotate relative to one another in the unapplied state (i.e., in one direction). The outer member
110 can be splined or engaged to an outer housing or body 114, whereas the inner member
112 can be splined or engaged to an inner housing or body 116. The outer body 114 and
inner body 116 can form a housing, hub, drum, conically-shaped disc, bowl-shaped disc, or
other body-like structure. As such, the outer member 110 can rotate in a substantially
concomitant relationship as the outer housing 114 and the inner member 112 can rotate in a
substantially concomitant relationship as the inner body 116.

[0034] Similar to the first mechanical diode clutch assembly 102, the second mechanical
diode clutch assembly 104 can include an outer member 110 and an inner member 112. The
outer member 110 can be splined or coupled to another outer body 128. Moreover, the inner
member 112 can be splined or coupled to a different inner housing or body 136. For

example, the inner housing or body 136 can be a gear, hub, drum, or disc.
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[0035] As shown in Fig. 1, both the first and second mechanical diode clutch assemblies
are shown in unapplied states. To apply or move the assemblies into engaged or applied
states, a shift sleeve 124 can be actuated by a shift fork (not shown) and moved in a direction
indicated by arrow 130. To do so, the shift sleeve 124 can include a recess or defined slot
126 into which the shift fork (not shown) can be disposed. On one side of the shift sleeve
124 nearest its respective mechanical diode clutch assembly, a spring 122 is coupled thereto.
The spring 122 can be compressed as the shift sleeve 124 is moved in the apply direction
(i.e., direction 130) against a first strut 120. On the opposite side of the outer member 110 is
a second strut 118. The first strut 120 and second strut 118 can allow the mechanical diode
clutch assembly to free-wheel as it rotates in one direction and is locked or prevented from
rotating in the opposite direction. As the shift sleeve 124 is moved in direction 130, the
spring 122 urges the first strut 120 into a recess formed in the outer member 110 to lock the
outer and inner members to one another and apply the clutch in a manner similar to that of a
dog clutch. The second strut 118 can be disposed in continuous engagement to allow rotation
in only one direction. The first strut 120 can be engaged, and in doing so, it can lock the
clutch assembly such that the clutch assembly does not rotate in the one direction.

[0036] The system 100 of Fig. 1 also includes the third mechanical diode clutch assembly
106 and fourth mechanical diode clutch assembly 108. The third mechanical diode clutch
assembly 106 can include an outer member 132 and an inner member 134. A retaining ring
164 can be disposed to couple the outer member 132 and inner member 134 to one another as
shown. The outer member 132 can be splined or coupled to an outer housing or drum 148 at
a spline location 144. The inner member 134 can be splined or coupled to an inner body
such as a ring gear 136 at an inner spline location 146. In Fig. 1, the inner member 134 of
the third mechanical diode clutch assembly 106 and the inner member 112 of the second
fnechanical diode clutch assembly 104 can be splined or coupled to the same inner body or
ring gear 136. In other embodiments, however, the two inner members can be coupled to
different inner bodies.

[0037] The fourth mechanical diode clutch assembly 108 can also include an outer
member 150 and an inner member 152. Another retaining ring 164 can be provided for

coupling or positioning the inner member 152 adjacent to the outer member 150 as shown in
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Fig. 1. The outer member 150 can be splined or coupled to an outer body or housing 160 at a
spline location 162. Moreover, the inner member 152 can be splined or coupled to an inner
body such as the ring gear 136. In other embodiments, the inner member 152 can be splined
or coupled to an independent body or housing unlike that shown in Fig. 1.

[0038] The third mechanical diode clutch assembly 106 can be actuated or applied in a
manner different from the first and second mechanical diode clutch assemblies. The third
mechanical diode clutch assembly 106 does include a shift sleeve 142 having an opening
defined in its upper surface for being removably coupled to a shift fork (not shown).
However, as shown, the shift sleeve 142 is positioned in such a manner that it is not directly
accessible to induce movement of a first strut 120 for applying or engaging the third
mechanical diode clutch assembly 106.

[0039] As described above, the second strut 118 is structured to allow each mechanical
diode clutch assembly to free-wheel as it rotates in one direction and is locked or prevented
from rotating in the opposite direction. While in regards to the first and second mechanical
diode clutch assemblies, the shift sleeves 126 were positioned directly adjacent to the first
strut 120 such that the spring 122 was directly attached to an apply side of the shift sleeve.
As such, movement of the shift sleeve 126 along direction 130 resulted in the spring 122
inducing movement of the first strut 120 to engage the outer members 110 in the apply state.
[0040] Referring back to the third mechanical diode clutch assembly 106, the shift sleeve
142 can include a notch or groove defined in its lower portion for receiving an actuation plate
138. In particular, the actuation plate 138 can include a partially or substantially bent or
curved end 140 that is received in the notch or groove of the shift sleeve 142. This
engagement or coupling between the end 140 of the actuation plate 138 and the shift sleeve
142 can result in substantially concomitant movement between the shift sleeve 142 and
actuation plate 138. In other words, as the shift sleeve 142 moves along direction 130, the
actuation plate 138 can also be moved in a similar manner and in the same direction 130.
Thus, axial or linear movement of the shift sleeve 142 results in axial or linear movement of
the actuation plate 138.

[0041] The actuation plate 138 can be a substantially planar plate formed of aluminum,

steel, or other material. While the actuation plate 138 is substantially planar along its length,
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the first end 140 and second end 170 are curved or bent. While the first end 140 is bent or
curved for engaging a notch or groove in the shift sleeve 142, the second end 170 can also be
bent or curved for engaging or applying the first strut 120. Here, the second end 170 is bent
or curved in a direction towards the outer member 132. In Fig. 1, the first end 140 and
second end 170 are shown bent or curved in the same direction. In other embodiments,
however, this may be different. On an apply side of the second end 170 of the actuation plate
138, a spring 122 can be coupled thereto. As such, as the shift sleeve 142 is moved along
direction 130, the actuation plate 138, most notably the second end 170, moves the spring
122 into contact with the first strut 120. In one aspect, the first strut 120 can be affixed to the
spring 122. In another aspect, the first strut 120 can be removably coupled to the spring 122.
[0042] As the first strut 120 is moved by the actuation plate 138, it is moved into a
recessed portion 166 of the outer member 132. In one aspect, the first strut 120 can be
completely disposed in the recessed portion 166. In a different aspect, the first strut 120 may
only be partially disposed in the recessed portion 166. In any event, by moving the first strut
at least partially into the recessed portion, the third mechanical diode clutch assembly 106 is
disposed in an apply condition or state. As such, the outer member 132 and lower member
134 are coupled to one another in the apply condition or state.

[0043] The fourth mechanical diode clutch assembly 108 can be actuated between an
unapply state and an apply state via movement of a different actuation plate 154. The
actuation plate 154 can include a first end 156 and a second end 172. The first end 156 of the
actuation plate 154 can be bent or curved in such a manner that it can be received within a
notch or groove defined in a lower portion of a fourth shift sleeve 158. As shown in Fig. 1,
the shift sleeve 158 can include a defined opening 126 in its upper portion for coupling or
engaging with a shift fork (not shown). The shift fork (not shown) can induce movement in
the shift sleeve 158 for moving the fourth mechanical diode clutch assembly 108 between the
apply and unapply states.

[0044] The second end 172 of the actuation plate 154 can also be bent or curved in such a
manner to induce substantially axial movement of a first strut 120 and spring 122. The
spring 122 can be affixed or coupled to the second end 172. For instance, the spring 122 can

be removably coupled to either the first strut 120 or second end 172. Alternatively, the first
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strut 120 and spring 122 can be coupled to the second end 172 in both the apply and unapply
states. In the apply state, the first strut can be moved into a recessed portion 166 of the outer
member 150 of the fourth mechanical diode clutch assembly 108. In the unapply state, a
second strut 118 can be positioned such that the fourth mechanical diode clutch assembly can
freely rotate in one direction, but is precluded from rotation in an opposite direction thereof.
[0045] To engage the fourth mechanical diode clutch assembly 108, the shift sleeve 158,
actuation plate 154, and first strut 120 are moved in a direction indicated by arrow 168. As
shown in Fig. 1, direction 168 is substantially opposite from direction 130. Unlike the
conventional first and second mechanical diode clutch assemblies, the third and fourth
mechanical diode clutch assemblies are positioned in a manner such that the shift forks and
shift sleeves for the third and fourth diodes are not directly adjacent thereto. Instead, in one
embodiment, the outer member 132 of the third mechanical diode clutch assembly 106 can
be coupled to a first drive mechanism 148 such as a hub, for example, and the outer member
150 of the fourth mechanical diode clutch assembly 108 can be coupled to a second drive
mechanism 160 such as a rotating hub or body. In any event, the drive mechanisms 148, 160
provide an obstruction or block access to either the third or fourth mechanical diode clutch
assembly. As such, the shift sleeves for these mechanical diode clutch assemblies cannot
apply the diodes in the same manner as the first two conventional assemblies and thus
include actuation plates.

[0046] In the embodiment of Fig. 1, the apply side of the third and fourth mechanical
diode clutch assemblies can be positioned such that both sides face one another. This can
allow a combination of a shift fork and shift sleeve to apply both clutch assemblies.

[0047] Moreover, in the unapply state, the inner members of the third and fourth
mechanical diode clutch assemblies can rotate faster than the outer members. As described
above, on the unapply side (i.e., the side in which the second strut 118 is positioned) of both
diodes there is no spring to couple or lock the outer and inner members to one another. As
such, when there is a differential speed between the outer and inner members, the clutch
assemblies can free wheel in at least one direction. On the other hand, as the actuation plates
move the spring 122 and first struts 120 into contact with the recessed portion 166 of the

outer members, the inner and outer members form a one-way clutch. In one aspect, the
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mechanical clutch diode cannot free wheel in the applied state and thereby becomes a locked
assembly and a mechanical clutch.

[0048] In Fig. 1, the third mechanical diode clutch assembly 106 can be structured such
that it freely rotates in the same direction as the first and second clutch assemblies. The
fourth mechanical diode clutch assembly 108, however, free wheels in the direction opposite
of the third mechanical diode clutch assembly since it is applied from a different side of the
diode. As shown in Fig. 1, the actuation plate 154 for applying the fourth mechanical diode
clutch assembly 108 at least partially is disposed underneath a portion of the third mechanical
diode clutch assembly 106.

[0049] Referring to Fig. 2, one embodiment of an actuation system 200 of a transmission
is shown. The actuation system 200 is similar to that shown in Fig. 1 for applying and
unapplying the third and fourth mechanical diode clutch assemblies. The actuation system
200 can include a first actuation plate 202 and a second actuation plate 204. The first
actuation plate 202 and second actuation plate 204 can include internal splines 206 for
engaging corresponding splines or teeth on the internal body or ring gear 136 of Fig. 1.
[0050] The actuation system 200 can also include a first shift sleeve 226 and a second
shift sleeve 224. The first shift sleeve 226 can include internal splines 234 for engaging
corresponding splines on the internal body or ring gear 136. Similarly, the second shift
sleeve 224 can include internal splines 232 for engaging the internal body or ring gear 136.
Moreover, at the outer surface or diameter of the first shift sleeve 226, a radial groove or slot
230 is defined therein. The radial groove or slot 230 can receive a shift fork (not shown)
similar to the defined slots 126 in Fig. 1. The second shift sleeve 224 can also include a
defined radial groove or slot 228 along its outer surface or diameter for receiving a shift fork
(not shown).

[0051] The manner in which the shift fork (not shown) induces movement in the first and
second actuation plates is also shown in Fig. 2. The first actuation plate 202 can include a
plurality of legs that extend from the plate 202 to the first shift sleeve 226. In Fig. 2, the
plurality of legs can include a first leg 208, a second leg 210, and a third leg 212. Although
only three legs are shown in Fig. 2, there can be any number of legs in other embodiments.

Each of the first leg 208, second leg 210, and third leg 212 can include a bent or curved end
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222 for engaging a defined groove or notch defined in the first sleeve 226. In particular, the
bent or curved end 222 of each leg is similar to the bent end 140 of actuation plate 138 and
the bent end 156 of actuation plate 154 in Fig. 1. In addition, each of the bent ends 222 of
the plurality of legs coupled to the first actuation plate 202 can engage or couple to the first
shift sleeve 226 in areas 236 where the shift sleeve 226 does not include any internal splines.
Similarly, the internal body or ring gear 136 can also be designed without splines in areas
where the plurality of legs are disposed.

[0052] The second actuation plate 204 can also include a plurality of legs as shown in
Fig. 2. For instance, the plurality of legs can include a first leg 214, a second leg 216, and a
third leg 218. Although only three legs are shown in Fig. 2, it is possible for any number of
legs to be provided in other embodiments. Similar to the legs of the first actuation plate 202,
each of the first leg 214, second leg 216, and third leg 218 can include bent or curved ends
220 for engaging a corresponding groove or notch defined in the second shift sleeve 224.
Each of the bent ends 220 of the plurality of legs coupled to the second actuation plate 204
can engage or couple to the second shift sleeve 224 in areas 236 where the shift sleeve 224
does not include any internal splines. Similarly, the internal body or ring gear 136 can also
be designed without splines in areas where the plurality of legs are disposed.

[0053] The plurality of legs can allow movement of the shift sleeves to induce
substantially concomitant movement in the first and second actuation plates. As shown in
Figs. 1 and 2, the plurality of legs of each actuation plate can slide during an apply or
unapply movement through areas of missing gear teeth or splines on the outer surface or
diameter of the ring gear 136 or body. In Fig. 2, there are at least six areas along the
circumference or outer diameter of the ring gear 136 or body that is absent of splines or teeth.
The number of areas of missing teeth or splines can depend on the number of actuation plates
and number of legs. Moreover, referring to the embodiment in Fig. 1, each of the plurality of
legs can also be disposed underneath at least a portion of the third mechanical diode clutch
assembly 106.

[0054] During assembly, each of the plurality of legs can be bent or moved inwardly to
engage the shift sleeve. Once the plurality of legs are coupled to the shift sleeve, the
additional coupling of the ring gear 136 or body to the actuation system further couples the
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actuation plates to the sleeves. In at least one embodiment, the ring gear or body can prevent
dislodgement of the bent or curved end in the recess or notch defined in the shift sleeve.
[0055] In the embodiments of Figs. 1 and 2, each actuation plate can engage a spring 122
for applying a clutch assembly. In one embodiment, there can be three or more springs
spaced around and positioned between the actuation plate and first strut 120. Ina related
embodiment, the number of springs may correlate to the number of struts in the design.
[0056] Referring to Fig. 3, a different embodiment of an actuation system is shown.
Here, a first actuation plate 300 and a second actuation 302 form part of the system. The first
actuation plate 300 includes at least one leg 304 having a bent or curved end 312. The
second actuation plate 302 also includes at least one leg 306 having a bent or curved end 314.
The actuation system also includes a first shift sleeve 308 and a second shift sleeve 310.
Each of the first and second shift sleeves can be actuated or moved by a shift fork of a
synchronizer assembly. Other means or mechanisms for actuating the shift forks may be
possible as well. The first shift sleeve 308 can include an opening 316 for receiving the bent
or curved end 312 of the first actuation plate 300. Similarly, the second shift sleeve 310 can
include an opening 318 for receiving the bent or curved end 314 of the second actuation plate
302. As the opening 316, 318 in either shift sleeve receives the bent or curved end of either
actuation plate, the received end can be rotated by a relatively small angle to be received
within a groove or slot 320 of the shift sleeve. In this manner, the shift sleeve can receive the
corresponding bent or curved end in a bayonet-like fitting. There may be other ways for
engaging the actuation plate to the shift sleeve, and the embodiments of Figs. 1-3 only
provide limited examples of how to do so. These illustrated embodiments are not intended to
be limiting, and any means for engaging and securing the legs of the actuation plate to the
shift sleeve may be used.

[0057] In Fig. 4, a different embodiment of a transmission system 400 is shown. The
transmission system 400 can include a first mechanical diode clutch assembly 402 and a
second mechanical diode clutch assembly 404. The first mechanical diode clutch assembly
402 can include an outer member 406 and an inner member 410 that can rotate relative to one
another at different speeds in an unapplied state or at about the same speed in the applied

state. The inner member 410 can be coupled to or splined to an inner body such as a ring
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gear 414. In other aspects, the inner body can be any type of housing, body, drum, or hub.
Like the first mechanical diode clutch assembly 402, the second mechanical diode clutch
assembly 404 can also include an outer member 408 and an inner member 412. The inner
member 412 can be coupled or splined to an inner body such as the ring gear 414. In other
aspects, the inner member 412 can be coupled to an inner body that is different from the
inner body to which inner member 410 is coupled or splined.

[0058] In an applied state, the outer and inner members can rotate in a concomitant
relationship to one another, i.e., at about the same speed. In an unapplied state, however, the
inner member 412 can rotate at a faster speed than the outer member 408. Similar to the
embodiment of Fig. 1, the first and second mechanical diode clutch assemblies can rotate in a
free wheel manner in one direction in the unapplied state, whereas in the applied state the
inner and outer members form a substantially one-way clutch configuration.

[0059] As shown in Fig. 4, the outer members 406, 408 can include a T-shaped cross-
section that defines a recessed portion 456 in each of its apply side and unapply side. For
example, the outer member 406 has an apply side 458 and an unapply side 460. On the apply
side 458 is a first strut 418 that can be moved at least partially into the recessed portion 456
defined in the apply side 458 of the outer member 406 to engage or apply the first
mechanical diode clutch assembly 402. On the unapply side 460 of the outer member 406 is
a second strut 416 that can allow for the diode to free wheel in one direction in the unapplied
state. The outer member 408 of the second mechanical diode clutch assembly 404 can also
include an apply side 462 and an unapply side 464. The outer member 408 can include a T-
shaped cross-section that defines recessed portions 456 at both the apply side 462 and
unapply side 464. A first strut 418 is disposed on the apply side 462 of the outer member
408 and a second strut is disposed on the unapply side 464. The second mechanical diode
clutch assembly 404 can be engaged or applied by moving the first strut into the recessed
portion 456 on the apply side 462 of the outer member 408.

[0060] The first and second mechanical diode clutch assemblies in Fig. 4 can include
many of the same features and characteristics as the third and fourth mechanical diode clutch
assemblies shown Fig. 1 and previously described. For example, both diodes in Fig. 4 are

positioned such that the apply sides of both diodes are disposed internally within the
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transmission system and cannot be directly accessed by a shift sleeve (e.g., such as by the
manner in which the conventional first and second mechanical diode clutch assemblies are
actuated).

[0061] In Fig. 4, a first actuation plate 420 can be used to actuate or engage the first
mechanical diode clutch assembly 402 and a second actuation plate 422 can be used to
actuate or engage the second mechanical diode clutch assembly 404. The first and second
actuation plates can be structured similarly to the actuation plates in Fig. 2, where each
actuation plate includes a plurality of legs that extend between the plate and a bent or curved
end adapted to engage a shift sleeve. For instance, the first actuation plate 420 can include a
bent or curved end 430 that can be received within a groove or notch defined in a portion of a
first shift sleeve 434. The manner in which the bent or curved end 430 engages the first shift
sleeve 434 can be via a snap connection, bayonet-like fitting, tongue-in-groove connection,
or any other type of connection. The first shift sleeve 434 can include another notch or
opening for receiving a first shift fork 438. The first shift fork 438 can move the first shift
sleeve 434 to induce movement in the first actuation plate 420.

[0062] At the opposite end of the bent or curved end 430, the first actuation plate can
include a second bent or curved end that forms the apply portion of the plate. This second
end, or apply portion, of the actuation plate 420 can include a defined opening through which
a pin 424 is coupled to the actuation plate 420. The pin 424 can include a groove or notch
defined in its outer surface or diameter so that a retaining ring or clip 428 can secure the pin
424 to the actuation plate 420. The retaining ring or clip 428 is coupled near one end of the -
pin 424, whereas the opposite end of the pin 424 can include a chamfered nose 450. The
chamfered nose 450 can include an outer wing-like radius that allows a spring 426 to be
disposed between this outer radius and the actuation plate, as shown in Fig. 4.

[0063] As the first mechanical diode clutch assembly 402 is applied, the first shift fork
438 moves the first shift sleeve along a direction indicated by arrow 452. In doing so, the
first shift sleeve 434 induces similar movement in the first actuation plate 420 via the
connection between the bent or curved end 430 and the shift sleeve 434. As the first
actuation plate 420 moves along direction 452, the pin 424 also moves in the same direction.

As the pin continues to move in direction 452, the chamfered nose 450 comes into contact
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with the first strut 418. The initial contact between the chamfered nose 450 and first strut
418 may cause the spring to compress by a small amount, thereby allowing the pin 424 to
slide axially along a direction indicated by arrow 454 relative to the actuation plate 420. For
purposes of this disclosure, the axial direction is the same as the apply or unapply direction,
i.e., along directions 452 and 454. As the actuation plate 420 continues to move along
direction 452, the pin 424 can urge the first strut 418 into the recessed portion 456 of the
outer member 406. The first strut 418 can move axially with the pin 424, or it may pivot
such that only a portion of the first strut 418 is disposed in the recessed portion 456. In any
event, the first strut 418 can be moved at least partially into the recessed portion 456 to
couple the outer member 406 and inner member 410 to one another.

[0064] As the pin 424 moves the first strut 418 into the recessed portion 456 of the upper
member 406, there can be a position at which the first strut 418 is disposed as far as it will go
into the recessed portion 456. Any additional movement of the pin 424 along direction 452
may result in the pin 424 being urged by first strut in direction 454. In doing so, the spring
426 can compress between the second end of the first actuation plate 420 and the pin 424.
Here, the pin 424 moves along direction 454 relative to the first actuation plate 420. The
retaining ring or clip 428 can permit limited axial movement of the pin 424 along direction
454, and as soon as the actuation plate 420 is disengaged or moved along the unapply
direction 454 the spring 426 can return the pin 424 to its normal position.

[0065] In Fig. 4, the pin 424 is shown passing through an opening defined in the inner
member 410 of the first mechanical diode clutch assembly 402. The opening in the inner
member 410 can be sized to the approximate diameter D of the chamfered nose 450. In other
aspects, the opening may be sized slightly larger than the diameter or width of the pin 424.
In any event, the chamfered nose 450 allows the pin 424 to pass through the opening and
move relative thereto during operation.

[0066] The second actuation plate 422 can also include a bent or curved end 432 that can
be received within a groove or notch defined in a portion of a second shift sleeve 436. The
manner in which the bent or curved end 432 engages the second shift sleeve 436 can be via a
snap connection, bayonet-like fitting, tongue-in-groove connection, or any other type of

connection. The second shift sleeve 436 can include another notch or opening for receiving a
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second shift fork 440. The second shift fork 440 can be part of a synchronizer assembly (not
shown) that be operated according to known methods. The second shift fork 440 can move
the second shift sleeve 436 to induce movement in the second actuation plate 422.

[0067] At the opposite end of the bent or curved end 432, the second actuation plate 422
can include a second bent or curved end. This second bent or curved end can form the apply
portion of the actuation plate. Moreover, this second bent end, or apply portion, of the
actuation plate 422 can include a defined opening through which a pin 424 is coupled to the
actuation plate 422. The pin 424 can include a groove or notch defined in its outer surface or
diameter so that a retaining ring or clip 428 can secure the pin 424 to the actuation plate 422.
The retaining ring or clip 428 is coupled near one end of the pin 424, whereas the opposite
end of the pin 424 can include a chamfered nose 450. The chamfered nose 450 can include
an outer wing-like radius that allows a spring 426 to be disposed between this outer radius
and the actuation plate, as shown in Fig. 4. In this way, the first actuation plate 420 and
second actuation plate 422 are structured similarly.

[0068] As the second actuation plate 422 is moved by the second shift sleeve 436 to
apply or engage the second mechanical diode clutch assembly 408, the second actuation plate
422 and pin 424 are moved along direction 454. Here, the second actuation plate 422 moves
in the opposite direction as the first actuation plate 420 when both plates are moved in the
apply direction. Similarly, as the second actuation plate 422 is moved in the unapply
direction 452, the unapply direction 452 of the second actuation plate 422 is opposite the
unapply direction 454 of the first actuation plate 420. In this embodiment, the apply side 458
of the first mechanical diode clutch assembly 402 is on the left side as shown in Fig. 4,
whereas the apply side 462 of the second mechanical diode clutch assembly 404 is on the
right side thereof in Fig. 4. The actuation plates of both diodes can be radially offset from
one another similar to that shown in Fig. 2.

[0069] In Fig. 4, the actuation plates can include detents that can limit movement of the
actuation plates. For instance, the first actuation plate 420 can include a first dimple 442
disposed on its inner surface. The first dimple 442 can be received in a corresponding notch
446 defined in an outer surface of the ring gear 414. Similarly, the second actuation plate

422 can include a second dimple 444 disposed on its inner surface. The second dimple 444
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can be received in a corresponding notch 448 defined in the outer surface of the ring gear
414.

[0070] In this embodiment, the first dimple 442 can be received in the notch 446 when
the first actuation plate 420 is moved in direction 452 to apply the first mechanical diode
clutch assembly 402. As the dimple 442 is received in the notch 446, the first actuation plate
420 can be limited or prevented from moving any further in the apply direction 452. The size
and shape of the notch 446 can facilitate the limited movement of the first actuation plate 420
in direction 452, but allow the first actuation plate 420 to move freely from the notch 446 in
the unapply direction 454. In addition, the interaction between the first dimple 442 and notch
446 can also to dampen the spring load so that the load does not create a power loss at the
fork/sleeve interface.

[0071] The second dimple 444 can be received in the notch 448 when the second
actuation plate 422 is moved in direction 454 to apply the second mechanical diode clutch
assembly 404. As the dimple 444 is received in the notch 448, the second actuation plate 422
can be limited or prevented from moving any further in the apply direction 454. The size and
shape of the notch 448 can further facilitate the limited movement of the second actuation
plate 422 in direction 454, but allow the second actuation plate 422 to move freely from the
notch 448 in the unapply direction 452.

[0072] In one aspect, the retaining rings or clips 428 can limit or prevent the pins 424
from moving relative to the first and second actuation plates in the apply state. Thus, to
prevent the pins 424 from reaching a dead-headed position relative to the first struts 418, the
notches 446, 448 can limit further movement of the actuation plates in the apply direction.
As such, the springs 426 can provide damping to the actuation plates and the notches can
define movement thereof.

[0073] Turning to Fig. 5, a related embodiment to that of Fig. 4 is shown. Features
shown in Fig. 4 and described above are shown in Fig. 5 with the same reference numbers.
Unlike the embodiment of Fig. 4, however, the first actuation plate 420 and second actuation
plate 422 do not include dimples on each respective inner surface. Instead, the first shift
sleeve 434 is structured to include a pin 500 disposed within an internal cavity thereof. The

pin 500 can include a partially hollow chamber in which a retractable ball 502 and spring 504
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are disposed. The ball 502 can be coupled to one end of the spring 504 and is capable of
moving in a direction substantially orthogonal to either apply direction 452, 454. Similarly,
the second shift sleeve 436 is structured to include a pin 506 disposed within an internal
cavity thereof. The pin 506 can also include a partially hollow chamber similar to pin 500,
such that a retractable ball 508 and spring 510 are disposed therein. The ball 508 can be
coupled to one end of the spring 510 and is capable of moving in a direction substantially
orthogonal to either apply direction 452, 454.

[0074] As the first actuation plate 420 is moved in the apply direction 452, the first shift
sleeve 434 also moves in the same direction. As the shift sleeve 434 continues to move in
this direction, the ball 502 can be received in the notch 446 defined in the outer surface of the
ring gear 414. Likewise, as the second shift sleeve 436 moves in the apply direction 454, the
ball 508 can be received in the other notch 448 defined in the outer surface of the ring gear
414. The notches 446, 448 can function like detents and limit the movement of the shift
sleeves in the respective apply directions and further prevent or reduce the load from
inducing a power loss at the fork/sleeve interface. Moreover, since the balls are retractable
within the hollow chamber of each sleeve, the shift sleeves can be disengaged from the
notches by moving the respective shift sleeve in the unapply direction thereby moving the
ball further into the hollow chamber and compressing the spring disposed therein. Although
not shown in Fig. 5, the balls 502, 508 can be disposed within the hollow chamber of each
pin anytime the respective diode is unapplied. However, as the diode is applied, the shift
sleeve is moved in the apply direction and once the pin 500, 506 moves over the
corresponding notch 446, 448, the ball 502, 508 can be pushed out of the hollow chamber by
the spring 504, 510 to engage the corresponding notch 446, 448.

[0075] In Fig. 6, a different embodiment is shown of an actuation system 600 for
engaging or applying a mechanical diode clutch assembly 602. The mechanical diode clutch
assembly 602 can include an outer member 604 and an inner member 606. The inner
member 606 can be coupled or splined to an inner body 622. The inner body 622 can be a
driving mechanism or a stationary mechanism. The inner body 622 can be a drum, hub, gear,
or housing. In addition, a retaining ring or clip 624 can position the inner member 606

relative to the outer member 604, as shown in Fig. 6. In one aspect, the outer and inner
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members can rotate at differential speeds when the clutch assembly is disengaged or
unapplied. For instance, the clutch assembly can rotate freely in one direction in the
unapplied state. Once the clutch assembly is applied or engaged, the outer and inner
members can be locked or coupled to one another to form a one-way clutch.

[0076] To apply the mechanical diode clutch assembly 602, an actuation plate 610 can be
moved by a shift sleeve (not shown) in direction 620. The actuation plate 610 can include an
apply portion 632 formed as a bent or curved end thereof, and extending from the apply
portion 632 is one of a plurality of legs 634 capable of coupling with the shift sleeve in a
manner similar to that previously described.

[0077] In this embodiment, an outer housing 612 can preclude a shift sleeve from directly
engaging a strut for applying the diode in a conventional manner. Instead, movement of the
actuation plate 610 can induce movement of a strut 608 for being received within a recessed
portion defined in the outer member 604. To induce strut movement, the apply portion 632
of the actuation plate 610 can include a defined opening. The size of the defined opening can
be such as to receive a cap 614. The cap 614 can include a bulk head 628 that protrudes from
one side of the defined opening. At the end opposite the bulk head 628, the cap 614 can
include a radial-like protrusion or finger 630 for coupling to a spring 616. The radial-like
protrusion or finger 630 can form an attachment means 618 for engaging or coupling to an
end of the spring 616 such that the cap 614 and spring 616 are coupled to one another.

[0078] The diameter of the spring 616 is such that it can pass through an opening defined
in the inner member 606. The defined opening can have a diameter, D, as shown in Fig. 6.
This diameter can be sized such that the spring 616 can pass freely therethrough and contact
the strut 608. In another aspect, the strut 608 can be coupled directly to the spring 616. In
any event, the actuation plate 610 can be moved in direction 620 until the strut 608 is
disposed in the recessed portion of the upper member 604. Once the strut 608 has reached its
maximum displacement in the apply direction, any further movement of the actuation plate
610 can result in compression of the spring 616. Moreover, as the actuation plate 610 moves
in the unapply direction (i.e., opposite the apply direction 620), the spring 616 can

decompress until it reaches its uncompressed condition.
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[0079] An alternative system 700 for applying a mechanical diode clutch assembly 702 is
shown in Fig. 7. The mechanical diode clutch assembly 702 can include an outer member
704 and an inner member 706. The inner member 706 can be coupled or splined to an inner
body 716. The inner body 716 can be a driving mechanism or a stationary mechanism. The
inner body 716 can be a drum, hub, gear, or housing. In addition, a retaining ring or clip 708
can position the inner member 706 relative to the outer member 704, as shown in Fig. 7. In
one aspect, the outer and inner members can rotate at differential speeds when the clutch
assembly 702 is disengaged or unapplied. For instance, the clutch assembly 702 can rotate
freely in one direction in the unapplied state. Once the clutch assembly 702 is applied or
engaged, the outer and inner members can be locked or coupled to one another to form a one-
way clutch.

[0080] To apply the mechanical diode clutch assembly 702, an actuation plate 714 can be
moved by a shift sleeve (not shown) in direction 728. The actuation plate 714 can include an
apply portion 734 formed as a bent or curved end thereof. In Fig. 7, one of a plurality of legs
736 is shown coupled to the apply portion 734 of the actuation plate 714. The plurality of
legs 736 can be integrally coupled to the apply portion 734, mechanically fastened to one
another, adhered, welded, or coupled to one another in other known ways. Each of the
plurality of legs 736 is capable of coupling to the shift sleeve in a manner similar to that
previously described. Thus, movement of the shift sleeve can induce movement of the
plurality of legs 736, thereby causing the actuation plate 714 to move in a concomitant
relationship with the shift sleeve.

[0081] Although not shown, an outer housing can preclude a shift sleeve (not shown)
from directly engaging a strut for applying the diode in a conventional manner. Instead,
movement of the actuation plate 714 can induce movement of a strut 710 for being received
within a recessed portion (not shown) defined in the outer member 704. To induce strut
movement, the actuation plate 714 can include an opening defined in a bent or curved end
726 thereof. The size of the defined opening, e.g., diameter Dp, can be such as to receive a
plunger 718. The plunger 718 can include a substantially hollow interior that is sized to
receive a retractable member 722 and a spring 724. The retractable member 722 can be

coupled to one end of the spring 724, whereas the opposite end of the spring 724 can be

25



WO 2014/204427 PCT/US2013/046085

coupled within the plunger 718. In an alternative aspect, the spring 724 may include a
diameter, Ds, such that the spring 724 is confined within the interior of the plunger 718.
[0082] The plunger 718 can be coupled to the actuation plate 714 via a retaining clip or
fastener 720. For example, a notch or groove can be defined within an outer surface of the
plunger 718 in which the clip or fastener 720 is received. The retaining clip or fastener 720
can limit or prevent the plunger 718 from moving in the apply direction 728 relative to the
actuation plate 714. In addition, the plunger 718 can have limited movement in the apply
direction 728 due to shoulder 732 of the plunger 718 contacting the actuation plate 714.
Here, the diameter of the opening, Dp, in the actuation plate 714 can be such that it receives a
first portion of the plunger 718 having a first diameter, D;. Another portion of the plunger
718, however, can include a second diameter, D5, that is greater than the first diameter, D;.
The shoulder 732 is defined at the interface between the first diameter, D;, and second
diameter, D,. In this aspect, the second diameter, D, is greater than the diameter of the
defined opening, Dy, in the actuation plate 714, thereby limiting movement of the plunger
718 in the unapply direction (i.e., opposite the apply direction 728).

[0083] As the mechanical diode clutch assembly 702 is applied, the actuation plate 714
moves in the apply direction 728. As such, the plunger 718 also moves in the apply direction
728. In doing so, the retractable member 722 of the plunger 718 can pass through a channel
or cavity 712 defined in the inner member 706. The plunger 718 can include a chamfered
end 730 that further facilitates movement of the plunger into this channel or cavity 712. As
the actuation plate 714 moves further in the apply direction 728, the retractable member 722
can come into contact with the strut 710. The retractable member 722 can initially compress
the spring 724 upon contact with the strut 710, but the spring 724 can be designed with a
spring constant such that the spring force urges the retractable member 722 towards the strut
710. The strut 710 can be moved completely or partially into a recessed portion (not shown)
of the outer member 704 to couple the outer member 704 and inner member 706 to one
another. Once the strut 710 reaches its maximum displacement in the apply direction 728,
the strut cannot be moved any further. Continued movement of the actuation plate 714
therefore results in the retractable member 722 compressing the spring 724 by some amount

less than the spring’s fully compressed position. Once the actuation plate 714 moves in the
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unapply direction, the spring 724 can decompress and the retractable member 722 can move
in the apply direction 728 out of the hollow interior of the plunger 718.

[0084] Other configurations of a cap, pin, or plunger can be used in the embodiments of
Figs. 1-7. Moreover, the detent structure of Figs. 4 and 5 can be incorporated into any
embodiment. It is also to be understood that the actuation plates and mechanical diodes can
be applied in any direction other than those previously described. The embodiments both
described and illustrated can be used in an automatic transmission that includes a plurality of
ranges having discrete gear ratios, or it can be incorporated into an infinitely variable or
continuously variable transmission.

[0085] While exemplary embodiments incorporating the principles of the present
invention have been disclosed hereinabove, the present invention is not limited to the
disclosed embodiments. Instead, this application is intended to cover any variations, uses, or
adaptations of the invention using its general principles. Further, this application is intended
to cover such departures from the present disclosure as come within known or customary
practice in the art to which this invention pertains and which fall within the limits of the

appended claims.

27



WO 2014/204427 PCT/US2013/046085

WHAT IS CLAIMED IS

l. An actuation assembly for applying a mechanical diode clutch, the clutch including
an outer member, an inner member, and a strut, comprising;:

a plate having an apply portion and a plurality of legs, where each of the plurality of
legs has a first end coupled to the apply portion and a second end adapted to couple to a shift
sleeve; and

a mechanism coupled to the apply portion of the plate, the mechanism including at
least one biasing member;

wherein, the plate is moveable between an unapply position and an apply position;

further wherein, a movement from the unapply position to the apply position induces

contact between the mechanism and the strut.

2. The actuation assembly of claim 1, wherein the second end of at least one of the

plurality of legs comprises a bent end adapted to couple to the shift sleeve.

3. The actuation assembly of claim 1, wherein the apply portion forms a substantially

planar face that is disposed substantially orthogonal to the plurality of legs.

4, The actuation assembly of claim 1, wherein the apply portion defines an opening

therein for receiving the mechanism.

5. The actuation assembly of claim 4, further comprising a retaining clip for coupling

the mechanism to the apply portion.

6. The actuation assembly of claim 4, wherein the mechanism is moveable about an

axial direction relative to the apply portion.
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7. The actuation assembly of claim 1, further comprising splined teeth formed on an
inner diameter of the plate, the splined teeth configured to engage corresponding teeth on an

internal body.

8. The actuation assembly of claim 1, further comprising a dimple formed on a bottom
surface of each of the plurality of legs, where in the apply position the dimple is adapted to

be received within a recess defined in an internal body.

9. The actuation assembly of claim 1, wherein the mechanism comprises a spring

coupled to the apply portion.

10.  The actuation assembly of claim 1, wherein the mechanism comprises:

a pin coupled to the apply portion of the plate, where the apply portion defines an
opening for receiving the pin; and

a spring circumscribing the pin and disposed between the plate and one end of the

pin.

11. The actuation assembly of claim 1, wherein the mechanism comprises:
a cap coupled to the apply portion of the plate, where the apply portion defines an
opening for receiving the cap; and

a spring coupled at one end to the cap.

12.  The actuation assembly of claim 1, wherein:

the mechanism comprises a plunger coupled to the apply portion of the plate, the
plunger defining an interior cavity for receiving a spring and a retractable member;

the spring being substantially retained within the interior cavity; and

the retractable member is coupled to the spring and at least a portion of the recessed

end protrudes from the interior cavity.
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13.  The actuation assembly of claim 12, wherein the recessed portion is disposed
substantially within the interior cavity in the apply position and is at least partially disposed

outside of the interior cavity in the unapply position.

14. A transmission system, comprising;:

a mechanical diode clutch including an outer member and an inner member, the outer
member being coupled to an outer body and the inner member being coupled to an inner
body, where the outer member is structured to define a recessed opening;

a strut positioned relative to the outer member for being at least partially received in
the recessed opening;

a shift sleeve moveable from a first position to a second position, the shift sleeve
defining a first opening adapted to receive a shift fork;

an actuation assembly including a plate having an apply portion and a plurality of
legs, where each of the plurality of legs has a first end coupled to the apply portion and a
second end coupled to the shift sleeve; and

a mechanism coupled to the apply portion of the plate;

wherein, a movement of the shift sleeve between the first position and second
position induces a substantially concomitant movement of the actuation assembly between an
apply position and an unapply position;

further wherein, in the apply position, the mechanism is disposed in contact with the

strut.

15. The transmission system of claim 14, wherein the shift sleeve includes a defined

notch for receiving the second end of each of the plurality of legs.
16. The transmission system of claim 14, further comprising splined teeth formed on an

inner diameter of the plate, the splined teeth configured to engage corresponding teeth on the

inner body.
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17. The transmission system of claim 16, wherein the inner body comprises a plurality of
locations about its outer diameter that are substantially free of any teeth, where at least one of

the plurality of legs is disposed in at least one of the plurality of locations.

18. The transmission system of claim 14, further comprising:
a dimple formed on a bottom surface of each of the plurality of legs; and
arecess defined in an outer diameter of the inner body, where in the apply position

the dimple is adapted to be received within the defined recess.

19. The transmission system of claim 14, wherein the mechanism comprises:

a pin coupled to the apply portion of the plate, where the apply portion defines an
opening for receiving the pin; and

a spring circumscribing the pin and disposed between the plate and one end of the

pin.

20.  The transmission system of claim 14, wherein the mechanism comprises:
a plunger coupled to the apply portion of the plate;
a spring being substantially retained within an interior cavity of the plunger; and
a retractable member coupled to the spring;
wherein, at least a portion of the recessed member is disposed in the interior cavity of

the plunger in the apply position.

21. The transmission system of claim 14, further comprising:

a second mechanical diode clutch including an outer member and an inner member,
the outer member being coupled to a second outer body and the inner member being coupled
to the inner body, where the outer member is structured to define a recessed opening;

a second strut positioned relative to the outer member for being at least partially
received in the recessed opening;

a second shift sleeve moveable from a first position to a second position;
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a second actuation assembly including a plate having an apply portion and a plurality
of legs, where each of the plurality of legs has a first end coupled to the apply portion and a
second end coupled to the second shift sleeve; and

a second mechanism coupled to the apply portion of the plate;

wherein, the first actuation assembly moves in a first direction from the unapply
position to the apply position and the second actuation assembly moves in a second direction
from the unapply position to the apply position, where the first direction is opposite the

second direction.
22. The transmission system of claim 21, wherein each of the plurality of legs of the first

and second actuation assemblies are positioned between the inner body and the upper

members of both the first and second mechanical diode clutches.
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