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(57) Abstract: A composite clutch (20, 120, 220) used to
transmit an operational range of torques from a driving
member to a driven member includes a friction clutch as-
sembly (34, 134, 234) and a dog clutch assembly (36, 136,
236). The friction clutch assembly (34, 134, 234) includes
a number of first friction clutch members (38) coupled to
the driving member and a number of second friction
clutch members (42) coupled to the driven member. The
number of first friction clutch members (38) and the num-
ber of second friction clutch members (42) are selected to
transmit torque across a first portion (84) of the opera-
tional range of torques. An actuator assembly (60, 160,
260) is operatively coupled to the friction clutch assembly
(34, 134, 234) and the dog clutch assembly (36, 136, 236).
The composite clutch (20, 120, 220) may be operated in
friction clutch and dog modes to provide improved con-
trollability in lower torque operation.
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SYNCHRO-LOCK CLUTCH - COMBINATION FRICTION
AND MECHANICAL LOCKING CLUTCH

5 CROSS-REFERENCE TO RELATED APPLICATION
This is a non-provisional patent application claiming priority under 35 USC
119(e) to U.S. Provisional Patent Application No. 61/045,477 filed on April 186,
2008.

{0 FIELD OF THE DISCLOSURE
The present disclosure generally relates to torque fransmission
compeonents, and more particularly relates to clutches used to transmit forque in

vehicles.

15 BACKGROUND OF THE DISCLOSURE
Various types of clutches have been used to fransmit torque in vehicles.
in a vehicle having an automatic fransmission, for example, multiple clutches are
used {o engage or disengage selected gearsets to obtain a desired gear ratio.
The clutches provided for this purpose are typically friction plate clutches, which
20 include a plurality of inner or drive plates that are splined to a rotatable hub. A
housing or case is coaxially aligned with the hub and supported for rotation
independent of the hub. A plurality of outer or driven plates are splined to the
housing or case and are interposed between the drive plates, such that the drive
and driven plates are alternately arranged on a common axis. The drive plates
25  include a friction material on one or both sides of the plates. An actuator, such as
a hydraulic piston, applies a pressure force that presses the drive and driven
plates into engagement, thereby permitting torque to be transferred from the hub
to the housing.
The number of plates used in a friction plate cluich is typically selected to
30 transmit a maximum desired torque. Due to space constraints and a maximum
pressure force that can be generated by the actuator, higher torque transfer is
typically achieved by providing additional plates. As a result, friction plate
clutches commonly use several plates to meet the maximum torque design.
When the clutch is unengaged or idling, however, the plates generate a parasitic

[F5]
N

drag torque due to the viscous shearing action which exists between the drive
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and driven plates as they rotate at different speeds relative to one another. This
drag torque adversely affects vehicle fuel economy for automatic transmissions,
and therefore the use of excessive plates exacerbates this problem.

The use of numerous friction plates also reduces the controliability of the

5 friction clufch in the lower torque range. The relationship between actuator
pressure and the amount of torque transfer produced by a friction plate clutch is
substantially linear, as illustrated by the dashed line 4 in FIG. 1. For a given
increase in actuator pressure, the increase in torque is relatively large when a
large number of friction plates are used. This results in a relatively steep incline

10 as shown by the curve 4, which indicates a high sensitivity of the clutch to
pressure. As noted above, the actuator is typically a hydraulic actuator that uses
hydraulic fluid to generate the actuator pressure. The hydraulic fluid flows
through a hydraulic valve, such as a solenoid vaive, having a controiler operably
coupled thereto. The increased sensitivity to actuator pressure exhibited by

15 conventional friction plate clutches makes it more difficult to control the hydraulic
valve to obtain the desired torque.

Synchronizing cluiches are known that employ both friction plates and a
dog or mechanical connection. U.S. Patent No. 6,966,805 to Caldweli, for
example, discloses a marine transmission having a friction mechanism to at least

20 partially synchronize the rotational speed of a driving shaft and a driven shaft
prior {o engagement of a dog cluich element. While the friction mechanism
transfers some torque, it only begins to rotate the driven shaft so that it is
sufficiently synchronized with the driving shaft, and is not intended to operate

over any appreciable portion of the operational torque range of the transmission.

SUMMARY OF THE DISCLOSURE
In accordance with one aspect the disclosure, a composite clutch for
transmitting an operational range of torques from a driving member {o a driven
member is provided having a friction cluich assembly. The friction cluich
30  assembly includes a number of first friction clutch members coupled to the driving
member and a number of second friction clutch members coupled to the driven
member. The first and second friction cluich members are movable from an
unengaged position to a torque transmitting position, wherein the number of first
friction clutch members and the number of second friction clutch members are
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selected to transmit torque across a first portion of the operational range of
torques. A dog clutch assembly includes a first dog member coupled to the
driving member and a second dog member coupled to the driven member,
wherein the first and second dog members are movable from a disengaged
5 position to an engaged position in which the first and second dog members
mechanically lock with one another. An actuator assembly is operatively coupled
to the friction clutch assembly and the dog clutch assembly o selectively move
the first and second friction clutch members between the unengaged and torque
transmitting positions, and to move the first and second dog members between

10 the disengaged and engaged positions.

In accordance with another aspect of the disclosure, a compaosite clutch for
transmitting an operational range of torques from a driving member to a driven
member is provided having a friction clutch assembly. The friction clutch
assembly includes a number of first friction clutch members coupled to the driving

15 member and a number of second friction clutch members coupled to the driven
member. A dog clutch assembly includes a first dog member coupled to the
driving member, a second dog member coupled to the driven member, a dog arm
slidably coupled to the second dog member, and a spring disposed between the
dog arm and the second dog member biasing the dog arm in a retracted position

20 spaced from the first dog member. An actuator assembly is operatively coupled
to the dog clutch assembly to selectively cause the first and second friction clutch
members to move between the unengaged and torque transmitting positions, and
the first and second dog members to move between the disengaged and
engaged positions.

25 A clutch control system for transmitting an operational range of torques
from a driving member to a driven member is provided having a composite clutch
with a friction cluich assembly and a dog clutch assembly. The composite clutch
is operable in a friction clutch mode across a first portion of the operational range
of torques and a dog clutch mode across a second portion of the operational

30 range of torques. An actuator assembly includes a first actuator operatively
coupled to the friction clutch assembly and a second actuator operatively coupled
to the mechanical clutch assembly. A controller is operably coupled to the
actuator assembly and programmed to switch from the friction clutch mode to a
dog clutch mode at a transition point associated with a transition torque.
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These and other aspects and features of the disclosure will become more
apparent upon reading the foliowing detailed description when taken into

consideration in conjunction with the accompanied drawings.

5 BRIEF DESCRIPTION OF THE DRAWINGS
FiG. 1 is a graphical representation plotting torque vs. actuator pressure
for a conventional friction plate clutch and a clutch according to the present
disclosure.
FiG. 2 is a schematic representation of one embodiment of a composite
10 clutch constructed according to the present disclosure.
FIG. 3 a schematic representation of an additional embodiment of a
composite clutch constructed according to the present disclosure.
FIG. 4 is a schematic representation of yet another embodiment of a
composite cluich constructed according to the present disclosure.
15 FIG. 5 is a schematic representation of still another embodiment of a
composite clutch constructed according to the present disclosure.
FiG. 6 is a schematic block diagram illustrating a clutch control system
according to the present disclosure.
While the present disclosure is susceptible to various modifications and
20 alternative consiructions, certain illusirative embodiments thereof are shown in
the drawings and are described below in detail. 1t should be understood,
however, that there is no intention to limit the present disclosure to the specific
forms disclosed, but on the contrary, the intention is to cover all modifications,
alternative constructions, and equivalents falling within the spirit of the scope of

25  the present disclosure.

DETAILED DESCRIPTION
A composite clutch is disclosed herein that includes both a friction clutch
assembly and a dog clutch assembly. The friction clutch assembly is used to
30 transmit torque from a driving member to a driven member across a first or lower
portion of the operational range of torques. The dog clutch assembly is used to
transmit torque across a second or upper portion of the operational range of
torques. As a result, the composite clutch provides the benefit of good shift feel
from the friction clutch assembly with a high static torque capacity of a dog clutch.

-4-
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in addition, the number of plates needed in the friction clutch assembly is
minimized, thereby reducing drag torque.
The composite clutch may be designed and/or controlled to switch from
friction clutch mode to dog clutch mode at a desired transition point. The
5 transition point may be selected according to desired operating parameters.
Accordingly, output forque is better controlled across the lower portion of the
operational range of torques.
Referring now to the drawings, FiG. 2 provides a schematic representation
of a composite clutch 20 in a portion of an automatic transmission 22. itis to be

10 understood that the automatic transmission 22 is but one example of the setting
in which the composite clutch 20 may be used. Other areas of a fransmission,
vehicle, machine tool, or other machine could also advantageously employ its
teachings as will be readily understood by one of ordinary skill in the art.

As shown in FIG. 2, the transmission 22 may include a drive shaft 24

15 adapted to rotate about an axis 26, which is itself powered by the motive force of
an engine {not shown) of a vehicle {also not shown). A hub 28 is attached to and
rotates with the drive shaft 24. The hub 28 may be provided as a simple annular
flange coupled to the drive shaft 24 or it may be configured o provide additional
features or capabilities, such as a one-way clutch. An exterior peripheral surface

20 of the hub 28 is formed with splines 30. The transmission 22 may also include a
case ofr housing 32 which is mounted coaxially with the drive shaft 24 and is
supported for rotation about the axis 26 independent of the drive shaft 24,
According to this embodiment, the drive shaft 24 is the driving or input member
while the housing 32 is the driven or output member.

25 Referring still to FIG. 2, the composite clutch 20 is provided to transfer
torqgue from the hub 28 to the housing 32. The composite clutch 20 includes a
friction clutch assembly 34 and a dog clutch assembly 36. The friction clutch
assembly 34 may include sets of first and second friction members that may be
placed in torque transfer engagement. For example, as best shown in FIG. 5,

30  one or more inner friction plates 38 may be splined to the hub 28. Each inner
friction plate 38 may include friction surfaces 40 on both sides of the plate.
Alternatively, only one side of each inner friction plate may include a friction
surface 40. Additionally, one or more outer friction plates 42 may be splined to
the housing 32 such that each outer friction plate 42 is disposed between
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adjacent inner friction plates 38. The inner and outer friction plates 38, 42 are
allowed to slide in an axial direction while remaining attached to and rotating with
the hub 28 and housing 32, respectively. Accordingly, the plates 38, 42 are
movable between an unengaged position, in which the plates 38, 42 do not
5 contact each other, and a torque fransmitting position, in which the plates 38, 42
engage each other with sufficient force to transmit torque from the inner plates 38
to the outer plates 42.
The dog clutch assembly 36 provides a selective mechanical coupling
between the hub 28 and the housing 32. The dog cluich assembly 36 is movabie
10 between a disengaged position to an engaged position in which the dog
mechanically connects the hub 28 to the housing 32. According to an exemplary
embodiment illustrated in FIG. 5, the dog clutch assembly 36 may include a first
dog member 46 splined o the hub 28 and a second dog member 48 splined to
the housing 32. The first and second dog members 46, 48 have complementary
15 locking surfaces 50, 52 configured to form a mechanically locked connection
when engaged. A dog arm 54 may be slidably coupled to the second dog
member 48, such as via splines, and a spring 56 may be disposed between the
dog arm 54 and the second dog member 48 to hoid the dog arm 54 in a retracted
position spaced from the first dog member 46. When a force is applied to the dog
20 arm 54 sufficient to collapse the spring 56, the dog arm 54 will slide toward the
first dog member 46 and drive it into engagement with the second dog member
48, thereby mechanically connecting the hub 28 to the housing 32.
The friction clutch assembly 34 and dog clutch assembly 36 may be
advantageously positioned in axial alignment relative to one another as illustrated
25 in FIGS. 2 and 5. Such axial alignment will enable the composite clutch 20 to be
used in the same space that is currently allocated for conventional friction plate
clutches, thereby minimizing or avoiding changes to surrounding transmission
components.
Returning to FIG. 2, an actuator assembly 60 is provided for actuating the
30 friction clutch assembly 34 and the dog clutch assembly 36. In the illustrated
embodiment, the actuator assembly 60 includes a hydraulic piston 62 operated
by hydraulic fluid disposed in a chamber 64 disposed between the piston 62 and
the housing 28. As illustrated schematically in FIG. 6, the chamber 64 fluidly
communicates with a hydraulic valve 66, such as a solenoid valve. The valve 66,

-6 -
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in turn, fluidly communicates with a reservoir 68 of hydraulic fluid. An electronic
control unit 70 is operatively coupled to the valve 66 and is programmed to
controt operation of the valve 66.

The above-described composite clutch 20 is operable in both a friction

5 clutch mode and a dog cluich mode. During operation, the piston 62 is actuated

to engage the dog arm 54. Initially, the force generated by the piston 62 does not

exceed the force of the spring 56, and therefore the second dog member 48 is

translated axially toward the friction clutch assembly 34. If the distance between

the friction clutch assembly 34 and dog cluich assembly 36 is sufficiently large as

10 shown in FIG. 5, the dog arm 54 will also engage and slide the first dog member

46 toward the friction cluich assembly 34. Ultimately, a face 72 of the second

dog member 48 will engage one of the friction clutch members, thereby to drive

the inner and outer plates 38, 42 into engagement. in the illustrated embodiment,

the second dog member 48 also functions as an outer friction plate 42. With

15 sufficient piston force, the inner plates will frictionally engage the outer plates to

transfer torque. Initially, the outer plates 42 will exhibit significant slippage with

respect to the inner plates 38. Additional piston force, however, will reduce the

slippage and increase the amount of torque transfer. The piston force may be

further increased to a level at which it exceeds the force of the spring 56, thereby

20 causing the dog arm 54 to drive the first dog member 46 into engagement with

the second dog member 48. At this point, the hub 28 and housing 32 are
mechanically locked via the dog clutch assembly 36.

A curve 80 is plotted on FIG. 1 to graphically illustrate the relationship of

actuator pressure to torgue for compaosite ciutch 20. The curve 80 includes a first

25 or slightly inclined segment 82 representing the friction clutch mode of operation.

The friction clutch mode is used during a first or lower portion 84 of the

operational range of torques. Af a transition point 86, the composite clutch 20

switches to the dog clutch mode of operation, represented by the second or

steeply inclined segment 88. The dog clutch mode is used during a second or

30 upper portion 90 of the operational range of torques. In this embodiment, the

transition point 86 is determined primarily by the force of the spring 56, which

may be selected to achieve the desired result. For example, the spring 56 may

be selected such that the lower portion 84 of the operational range of torques has
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a lower boundary of 0% of maximum torque o an upper boundary of 1-99% of
maximum torque.
The relatively smaller slope of the first segment 82 indicates that the
composite clutch 20 is less sensitive to changes in actuator pressure. As a
5 result, the hydraulic valve 66 that controls hydraulic fluid flow into and out of the
piston chamber 64 may be more reliably operated to achieve the desired torque
transmission. For higher torques, however, controliability issues diminish and
therefore the dog clutch assembly may advantageously be employed in that
range of operation.

10 The number of inner and outer friction plates 38, 42 used in the composite
clutch 20 may be selected to transmit torque across a desired portion of the
operational range of torque transmission provided by the composite clutch 20.
The amount of torque transmitted by a friction plate clutch assembly is
determined by the following eguation:

15 T=uxPxAxRxN

where,
T is torque,
u is a coefficient of friction,
P is an actuator pressure,
20 A is an effective area of the actuator,
R is the mean radius of the friction plates, and
N is the number of plates.
In a typical automatic transmission application, the actuator pressure P,
effective actuator area A, and mean plate radius R are fixed parameters, and

25  therefore the number of plates used is often the only variable that can be altered
to meet design requirements. In conventional friction plate clutches, the number
of plates must be sufficient to achieve a maximum forque requirement. The
composite clutch 20 described herein, however, is not so limited since the dog
clutch assembly 36 is used to transfer torque in the upper portion of the

30 operational range. Instead, the number of inner and outer friction plates may be
selected such that they adequately transfer torque across only a portion of the
operational torque range. Accordingly, significantly fewer plates may be used in
the composite clutch 20. For example, it has been demonstrated that a

conventional design using seven dual-sided inner friction plates and a

-8 -
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corresponding number of outer plates may be replaced by a composite clutch 20
having a single, dual-sided friction plate surrounded by two outside separator
plates, which is a plate reduction of approximately 85%.
An alternative embodiment of a composite clutch 120 is illustrated in FIG.
5 3. The composite clutch 120 fargely identical to the composite clutch 20
described above, except that it includes a dog clutch 136 that incorporates a one-
way clutich. The composite clutch also includes a friction clutch assembly 134
and actuator assembly 160 that are substantially the same as above.
A further alternative embodiment of a composite clutch 220 is illustrated in
10 FIG. 4 that incorporates a modified actuator assembly 260. The composite clutch
220 includes a friction clutch assembly 234 and a dog clutch assembly 236 that
are substantially the same as the foregoing embodiments. The actuator
assembly 260, however, includes a first piston 262 operatively coupled to the
friction clutch assembly 234 and a second piston 264 operatively coupled {o the
15 dog clutch assembly 236. The first and second pistons 262, 264 are operable
independent of one ancther, thereby eliminating the need for the spring 54 or a
dog clutch that must slide to engage the friction clutch. The independently
operable pistons 262, 264 allow greater control of the point at which the
composite clutch 220 transitions from friction clutch mode to dog clutch mode.
20 Furthermore, the transition point is no longer static but instead may be controlied
to occur at different locations depending on operating parameters, thereby
providing more fiexible and precise control of the composite clutch 220.
The foregoing provides a composite clutch that can advantageously be
used in a vehicle or other transmission. The composite cluich includes friction
25 and dog clutch assemblies tc enable operation in friction and dog clutch modes.
The combination provides a smooth shift feel, improved controliability at lower
torques, a high static torque capacity, and a low drag torque, while packaging the
device in the space currently allocated for conventional clutches and using the
same actuator currently available for conventional friction clutches. The
30 composite clutch may be coupled to either a simple hub or a one-way clutch,
which permits the following operational modes: (1) Locked in one direction, free-
wheel in the opposite direction; (2) Low forque friction clutch in one direction; (3)
Low torque friction clutch in both directions; and (4) Mechanical lock in both
directions.

-9.
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What is Claimed Is:

1. A composite clutch (20, 120, 220) for transmitting an operational

range of torques from a driving member to a driven member, comprising:

5 a friction clutch assembly (34, 134, 234) including a number of first friction
clutch members (38) coupled to the driving member and a number of second
friction clutch members (42) coupled to the driven member, the first and second
friction clutch members (38, 42) being movable from an unengaged position to a
torque transmitting position, wherein the number of first friction cluich members

10 and the number of second friction cluich members are selected to transmit torque
across a first portion (84) of the operational range of torques;

a dog clutch assembly (36, 136, 236) including a first dog member (46)

coupled to the driving member and a second dog member (48) coupled to the
driven member, wherein the first and second dog members (46, 48) are movable

15 from a disengaged position to an engaged position in which the first and second
dog members (46, 48) mechanically lock with one another to transmit torque
across a second portion (90) of the operational range of torques; and

an actuator assembly (60, 160, 260) operatively coupled to the friction

clutch assembly (34, 134, 234) and the dog clutch assembly (38, 136, 238) to

20 selectively move the first and second friction clutch members (38, 42) between
the unengaged and torque fransmitting positions, and to move the first and

second dog members (46, 48) between the disengaged and engaged positions.

2. The cluich of claim 1, in which the friction cluich assembly (34, 134,
25  234) and dog cluich assembly (36, 136, 236) are axially alignhed.

3. The clutch of claim 1, in which the driving member comprises a

one-way clutch.

30 4. The clutch of claim 1, in which the actuator assembly (260)
comprises a first actuator (262) operatively coupled to the friction clutch assembly
(234) and a second actuator (264) operatively coupled to the dog clutch
assembly (236).

- 10 -
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5. The clutch of claim 1, in which the actuator assembly (60, 160)
comprises a single actuator operatively coupled to both the friction clutch
assembly (34, 134) and the dog clutch assembly (36, 136).

5 6. A composite clutch (20, 120) for transmitting an operational range
of torques from a driving member {o a driven member, comprising:
a friction clutch assembly (34, 134) including a number of first friction
clutch members (38) coupled to the driving member and a number of second
friction clutch members (42) coupled to the driven member;
10 a dog clutch assembly (36, 136} including a first dog member {48} coupled
to the driving member, a second dog member (48) coupled to the driven member,
a dog arm (54) slidably coupled to the second dog member (48), and a spring
(56) disposed between the dog arm (54) and the second dog member (48)
biasing the dog arm (54) in a retracted position spaced from the first dog member
15 (46); and
an actuator assembly {60, 160) operatively coupled o the dog clutch
assembly (36, 136).

7. The clutch of claim 6, in which the first and second friction clutch
2¢  members (38, 42) are movable from an unengaged position to a torque
transmitting position while a force supplied by the actuator assembly (60, 160) is

less than a force required to compress the spring (56).

8. The clutch of claim 7, in which the force supplied by the actuator
25 assembly (60, 160) corresponds {o a first portion (84) of the operational range of

torques.

9. The cluich of claim 6, in which the first and second dog members

(46, 48} are movable from a disengaged position to an engaged position while a

30  force supplied by the actuator assembly (60, 160) is greater than a force required
to compress the spring (56).

-11 -
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10.  The clutch of claim 9, in which the force supplied by the actuator
assembly (60, 160) corresponds to a second portion (20) of the operational range

of torques.

5 11.  The clutch of claim 6, in which the actuator assembly (60, 160)
causes the second dog member (48) to engage the first clutch member (38) to

move the first and second clutch member (42) into a torque transmitting position.

12. The clutch of claim 6, in which the actuator assembiy (60, 160)
10 causes the dog arm (54) to engage the first dog member (46) to move the first
and second dog members (46, 48) into an engaged position.

13.  The clutch of claim 6, in which the friction clutch assembly (34, 134)
and dog clutch assembly (36, 136) are axially aligned.

14, A clutch control system for transmitting an operational range of
torques from a driving member to a driven member, comprising:
a composite clutch (20, 120, 220) having a friction clutch assembly (34,
134, 234) and a dog clutch assembly (36, 136, 236), the composite clutch (20,
20 120, 220) being operabie in a friction clutch mode across a first portion (84) of the
operational range of torques and a dog cluich mode across a second portion {80)
of the operational range of torques;
an actuator assembly (260) including a first actuator (262) operatively
coupled to the friction clutch assembly (34, 134, 234) and a second actuator
25  (264) operatively coupled o the mechanical clutch assembly (36, 136, 236); and
a controller (70) operably coupled to the actuator assembly (260) and
programmed to switch from the friction clutch mode o a dog clutch mode at a

transition point (86) associated with a transition torque.

30 15.  The clutch control system of claim 14, in which the transition point

(86) varies during operation of the clutch.

-12 -
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