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Fig. 1

(57) Abstract: A coupling device system for use in a motor vehicle is provided including a coupling device and a memory chip.
The coupling device has an input member, an output member, and at least one modulating clutch assembly selectively coupling
the input member to the output member. The modulating clutch assembly includes an electrical clutch operator and clutch plates.
The clutch plates include at least one first clutch plate coupled to the input member and at least one second clutch plate coupled to
the output member. The second clutch plate is disposed adjacent the first clutch plate. The memory chip is integrated with the cou-
pling device and is configured to store data related to a measured characteristic of the coupling device. The memory chip is also
configured to communicate with a vehicle controller. A method of providing a calibration curve of the coupling device to the ve-
hicle controller is also disclosed.
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FLASH MEMORY SIGNATURE CAL

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention generally relates to clutch assemblies. More

specificaily, the invention relates to elecirically actuated clutch assemblies.

2. Description of Related Art

Clutches which are activated or energized by electromagnetic coils are
common components in rotary power transmission systems, both in stationary
applications and in motor vehicles. Such electromagnetic clutches may be broadly
characterized by whether they provide on-off energy transfer or modulating energy
transfer. In the case of the former, dog cluiches which may include auxiliary
synchronizing devices are utilized whereas in the latter, friction clutch packs having
a plurality of interleaved friction plates or discs are utilized. In either case, an
electromagnetic operator which transiates or compresses components of the cluich
upon energization activates the clutch and upon deenergization deactivates or
relaxes the clutch.

One type of torque transfer devices of the electrically actuated clutch type
proportionally transfer torque from an input shaft to an output shaft based on the
amount of current applied to an electrical actuator (applied as a constant current
level based on applied voltage, or at an average level through puise width
modulation of applied voltage or some other modulation scheme). Each design
requires the application of a certain amount of current to the electrical actuator to
cause the clutch to transfer a given value of torque.

There is a constant drive foward reducing electric current consumption of
motor vehicle components, in order to increase gas mileage, among other
advantages of such a reduction. Inter-active torque management systems have
provided closed loop torque feedback systems that measure the amount of torque
being applied, in order to determine the minimum amount of torque required.
Applving the minimum amount of torque required helps reduce electric current
consumption and also may reduce wear on components. Likewise, there is also a

need to provide accurate torque transfer in order to affect vehicle dynamics in
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prescribed fashion that promotes increased vehicle stability. In order to provide this
functionality one must know the amount of torque transferred to the wheels during
this maneuver, hence the need for torque feedback.

Some torque transfer devices include an electrical clutch operator having a
solenoid coil. A solenoid coil is a coil of wire that provides a magnetic force when a
current is passed through it. A solencid can create controlled magnetic fields, and
therefore, solencids are often used as electromagnets to generate linear forces.
Accordingly, a solenoid includes a fixed stator and a moving armature. Solenoids
can be used in a variety of applications, such as in actively controlled couplings and
differentials. |n these types of applications, it is common to apply a known input to
the solenoid to receive a predictable output force. However, one factor that affects
the force output of a solenoid is the air gap present between the stator and the
armature. For a solencid used in an ali-wheel drive (AWD) coupling, it has been
difficuit fo measure or monitor the air gap directly. Therefore, is difficult to predict
the input required to obtain desired outputs.

Due to manufacturing and component variations between units of a given
design, the actual current required to produce certain torque transfer will vary. In
other words, for a given current, the amount of torque each unit will tfransfer is often
different. Thus, typically, the exact calibration curve of the coupling device is
unknown; in other words, the exact amount of current input required to achieve a
desired torque output is not exactly known. Therefore, it must be estimated, and
various means have been used to do so. Still, there remains a need for a vehicle
controller {o be able to more accurately determine the amount of current required to
achieve a given torque oufput.

A powertrain control unit (PCU) may be configured to apply current to engage
the electrical actuator when desired. One example transfers torque from a front
wheel drive transaxle to a rear axle of a motor vehicle. Since the amount of current
required to transfer each of a range of desired torques will vary, existing PCUs are
programmed to use average values. This results in inconsistencies between
vehicles when engaging the torque transfer device. As a result, foo much or too little
torque may be transferred, which can lead to hard or soft engagement of, for

example, the rear axle.
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BRIEF SUMMARY OF THE INVENTION

in satisfying the above need, as well as overcoming the enumerated
drawbacks and other limitations of the related art, the present invention provides a
coupling device system configured to provide a calibration curve to a vehicle
controller that exactly matches the calibration curve of the particular coupling device
of the vehicle.

In one aspect, a coupling device system for use in a motor vehicle is provided
including a coupling device and a memory chip. The coupling device includes an
input member, at least one output member, and at least one modulating clutch
assembly selectively coupling the input member to the output member. The
modulating clutch assembly includes an electrical cluich operator and a group of
clutch plates. The group of clutch plates includes one or more first clutch plates
coupled to the input member and one or more second cluich plate coupled to the
output member and disposed adjacent to the first clutch plate(s). The memeory chip
is integrated with the coupling device and is configured to store data related to at
least one measured characteristic of the coupling device. The memory chip is also
configured to communicate with a vehicle controller.

In ancther aspect, a method of providing a calibration curve of a coupling
device having an electrical clutch operator including a solenoid assembly to a
vehicle controller is provided. The method includes steps of measuring at least one
characteristic of the coupling device, resufting in characteristic data, writing the
characteristic data to a memory chip, the memory chip being in communication with
a vehicle controller and integrated with the coupling device, and communicating the
characteristic data from the memory chip to the vehicle controlier.

Further objects, features and advantages of this invention will become readily
apparent to persons skilled in the art after a review of the following description, with
reference to the drawings and claims that are appended to and form a part of this

specification.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic of a motor vehicle incorporating a coupling device

system according to the present invention;
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Fig. 2 is a cross-sectional view of a coupling device system according to the
principles of the present invention;

Fig. 3 is a schematic cross-sectional view of a coil connector, in accordance
with the principles of the present invention; and

Fig. 4 is a block diagram of a method of providing a calibration curve of a
coupling device to a vehicle controller, according to the principles of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the schematic of Fig. 1, a coupling device system including
a coupling device 10 according to the present invention is shown incorporated into a
motor vehicle 30. The motor vehicle 30 includes a motive source 32 such as an
internal combustion engine or electric motor. A plurality of wheels 34 are coupled o
the motive source 32 through a drive member 36 and output members 38. Two
output members 38 are shown coupled to the drive member 36 using any
embodiment of the coupling device 10. In this example, a differential 40 couples the
two output members 38 to the output shaft 14 of the device 10.

A digital powertrain control unit (PCU) 42 is attached to the electrical clutch
operator 54 of the coupling device 10 through, for example, a cable 44. The PCU 42
is configured to provide a range of electrical currents to the electrical cluich operator
54 based on a desired amount of torque to be transferred from the drive member 36
to the output members 38. The desired amount of torque may be determined by the
PCU 42 by reading a plurality of sensors 46 providing information regarding the
operational state of the motor vehicle 30. it should be recognized that the level of
current applied to the electrical clutch operator may be applied as a constant current
level based on applied DC voltage, or at an average level through pulse width
modulation of applied voltage or some other modulation scheme. This invention
may further be used with any approach used in which it is useful to relate an applied
signal (whether as a DC, pulsed, or otherwise modulated signal applied as a current,
voltage, or coded signal) {o a desired value of modulated torque transfer through the
coupling device 10. Moreover, a desired level of applied current (DC or pulsed in
some way) may be produced through a feedback supply within PCU in which an

applied voltage is adjusted in accordance with resulting monitored current flow.
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Referring now to Fig. 2, a section view of the coupling device 10 of the
present invention is illustrated in more detail. As its primary components, the
coupling device 10 includes an input member 12 selectively coupled to an output
member 14 by a modulating clutch assembly 50 having a ball ramp operator 52.
The input member 12 may be disposed in a substantially coaxial relationship to the
output member 14, as shown in Fig. 2, or the input and output members 12, 14, may
have be disposed in another relationship, such as a substantially perpendicutar
relationship. One example of a coupling device having one or more modulating
clutch assemblies and including a ball ramp operator is disclosed in U.S. Patent No.
6,905,008 to Kowalsky which is herein incorporated by reference in its entirety.
Another example is disclosed in U.S. Patent No. 5,839,328 to Showalter which is
herein incorporated by reference in its entirety.

The modulating cluich assembly 50 selectively transfers torque from the input
member 12 to the cutput member 14 by activating an electrical clutch operator 54 of
the modulating clutich assembly 50. The electrical clutch operator 54 may be
operable to engage a pilot clutch pack 56, as described below, or the pilot clutch
pack 56 may be omitted, and the electrical clutch operator 50 may engage a main
clutch pack 58 in any other suitable way.

The electrical clutch operator 54 may comprise a solenoid coil 60, which may
be energized to urge an annular solenocid plunger 62 toward the left as illustrated in
Fig. 2. As the solenoid plunger 62 moves to the left, the air gap between the frusto-
conical surfaces 64, 66 closes and the solenoid plunger 62 moves studs 68 to the
feft. The studs 68 are attached {o a pressure plate 70, such that that when the studs
68 move to the left by virtue of the solenoid plunger 62 moving to the left, the
pressure plate 70 moves to the left {o compress the pilot clutch pack 56. The pilot
clutch pack 56 has a first plurality of clutch plates 71 coupled to the input member 12
and a second piurality of clutch plates 73 coupled to a clutch hub 72. The armature
64 may be annular, as shown in cross-section in Fig. 2, or the armature 64 may be
linear, or it may have any other suitable shape, without falling beyond the spirit and
scope of the present invention.

Upon being compressed, the pilot clutch pack 56 engages the ball ramp
operator 52 to transfer torque between the input and output members 12, 14 through
the pilot and main clutches 56, 58. More particularly, the ciutch hub 72 is freely
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rotatably disposed upon the output member 14. A plurality of ramped recesses 74 is
disposed in a circular pattern about the axis of the output member 14. Disposed
within the recesses 74 are load transferring members, such as ball bearings 76 or
simitar components, which rolf along the ramps defined by the recesses 74. An
annular member 78 is disposed in opposed relation with the clutch hub 72 and
includes a like plurality of complimentary sized recesses 74. Upon compression of
the pilot clutch pack 58, the clutch hub 72 is pulled away from the annular member
78, causing the ball bearings 76 to ride up the recesses 74. As the ball bearings 76
ride up the recesses 74, the clutch hub 72 and the annular member 78 are driven
apart. When the annular member 78 is driven away from the cluich hub 72, the
annular member 78 acts as an apply plate {o compress the main clutch pack 58.

Upon compression, the main clutch pack 58 transfers torque to the output
member 14. More specifically, the main clutch pack 58 comprises a plurglity of
interleaved clutch plates 80. A first plurality 82 of the clutch plates 80 is coupled to
the input member 12, either by being directly coupled or selectively coupled, for
example by virtue of the pilot clutch pack 56 described above. A second plurality 84
of clutch plates 80 is coupled to the output member 14. When compressed, the first
and second pluralities 82, 84 of cluich plates 80 rotate together, and main cluich
pack 58 thereby couples the input member 12 to the output member 14. In some
embodiments, the interleaved cluich plates 80 could include merely one first cluich
plate 82 and one second clufch plate 84, without falling beyond the spirit and scope
of the present invention.

The coupling 10 could have many other appropriate configurations not
necessarily including a ball ramp operator and primary and secondary clutch packs,
without falling beyond the spirit and scope of the present invention. Other examples
include, but are not limited to, electromechanical devices and electrohydraulic
devices. For example, the clutch assembly 50 could be a single stage clutch with
the force applied by a cylinder piston arrangement. The coupling 16 may include
any appropriate electric motor configured to mechanically compress the clutch plates
80, without falling beyond the spirit and scope of the present invention. An
electrohydraulic device may include an electric pump and/or an electrically actuated

valve to hydraulically compress the clutch plates 80.
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Further the solenoid coil 60, coil housing 62, and armature 64 may have
other appropriate configurations without falling beyond the spirit and scope of the
present invention. For example, the housing 62 and armature 64 could have frusto-
conical surfaces, such as those disclosed in U.S. Pat. No. 6,905,008 to Kowalsky et
al., which has been incorporated by referenced in its entirety above.

When supplied with an electric current, the solenoid coil 60 produces a
magnetic field, the strength of which is referred to as the magnetic flux ®. When an
N-turn coil carrying a current i is wound around a magnetic core, the magnetomotive
force (mmf) F generated by the coil produces a flux ® that is mostly concentrated
within the core and is assumed to be uniform across the cross-section of the core.

When a magnetic flux © is produced, a magnetic force | acts upon the
armature 64 to attract the armature 64 toward the coil housing 62 and close the air
gap x between the armature 64 and the coil housing 62. When the armature 64
moves toward the coil housing 62, the modulating clutch assembly 50 is activated to
selectively transfer torque from the input member 12 to the output member 14, as
described above.

In modern coupling device systems, it is desirable to determine the current
input required to generate a certain torque cutput. Thus, a calibration curve is
obtained, usually at a test stand at the end of a coupling device production
manufacturing assembly line. Typically, the calibration curve involves measuring the
torque being output by the coupling device 10 as a function of the current being input
to the solenocid coit 60. In other embodiments, the current could be input fo a
component other than a solenoid coil 60, without falling beyond the spirit and scope
of the present invention.

The coupling device 10 includes a memory chip 88 integrated with the
coupling device 10 and configured to gather and/or store data related to at least one
measured characteristic of the particular coupling device 10. In the present
embodiment, the memory chip 88 may be written with the calibration curve data,
including data points for torque output as a function of current being input to the
solenoid 60. Such data points may be measured at a test stand, such as an end-of-
line test stand, and written to the memory chip 88. The memory chip is configured to

communicate such data with a vehicle controller, such as the PCU 42.
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Any desirable data of the coupling device 10 may be measured at the test
stand, for example, the current may be measured with a current probe and the
torque output may be measured with a force sensor, by way of example. Other
parameters of interest could also be measured and written to the memory chip 88,
such as temperature, air gap, and resistance; any electrical signal could be
communicated to and stored on the memory chip 88. The data could be collected by
the test stand and written to the memory chip 88 through a pin-ocut from the test
stand to the memory chip 88, by way of example. Later, the memory chip 88 could
be connected to a pin-out of the vehicle controller, which is described in further detail
below.

The memory chip 88 is preferably a flash memory, such as the Catalyst
CAT93C66SA. Other suitable memory chips includes, by way of example and not
fimitation, the Atmel — AT24C04B, the Atmel — AT25040A, the NXP — PCA24808,
and the ST Micro — M95256.

During or after assembly of the vehicle, the unique torque profile, or
calibration curve, for the particular unit of the coupling device 10 being installed in
the vehicle 30, which is stored on the memory chip 88, is communicated to and
stored within the memory of the vehicle controller. The vehicle controlier could have
a pin-out to connect to the memory chip 88 and could use the data stored on the
memory chip 88 to write the torque/current data {(or any other data contained on the
memory chip 88) to EEPROM in the controller, for example. This forms a matched
pair resulting in more consistent and improved engagement of the coupling device
10 by the PCU 42 (or other vehicle controlier).

The memory chip 88 could be configured to provide data to the vehicle
controller (such as PCU 42) periodically, according to a predetermined time interval.
In this way, the vehicle controller would be able to match the calibration curve of the
coupling device 10 at periodic intervals. Thus, if either or both of the controller or the
coupling device 10 were swapped out of a particular vehicle, the calibration curve
written into the memory chip 88 would soon be read by the controller. In other
words, if a new coupling device 10 was installed into a vehicle, the software logic of
the controller could be written such that controlier would be able {o read the memory
chip 88 on the new coupling device 10 o obtain the new calibration curve. In the

alternative, if a new vehicle controller was installed into a vehicle, the software logic
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of the new controlier could be written such that new controller would be able to read
the calibration curve from the existing coupling device 10 through the memory chip
88.

In some forms of the present invention, the memory chip 88 may be
configured to provide data to the vehicle controller when prompted by the vehicle
controller. in other words, instead of, or in addition to, reading the memory chip 88
periodically, the controller could be configured {o read the memory chip 88 when
desired. For example, the memory chip 88 might be read when either or both of the
coupling device 10 or the vehicle controller is replaced within a vehicle, or after
another triggering event.

The memory chip 88 is integrated with the coupling device 10 such that the
memory chip 88 has characteristic data written to it that corresponds to the particular
coupling device 10 with which it is integrated. In other words, the memory chip 88
preferably contains characteristic data related to the exact coupling device 10 with
which it is integrated. Such integration eliminates service concerns for matched
controllers and coupling devices 10, and the coupling device 10 and controller do not
need to be matched through the life of the vehicle because a calibration curve of a
new coupling device system can be read by the controller or a new controller can
read an existing calibration curve directly from the memory chip 88.

Thus, it is preferable that the memory chip 88 remain with the particular
coupling device 10 whose data it contains. To this end, the memory chip 88 could
be mounted on-board the coupling device 10, as shown in Fig. 2. It should be
understood that the memory chip 88 could be attached at any location on the
coupling device 10, without falling beyond the spirit and scope of the present
invention. The on-board memory chip 88 is installed in communication with the
vehicle controller, and the vehicle controtler in turn is installed in communication with
the solenoid coil 60 and controls the electrical signals being transmitted thereto
based in part on the calibration curve received from the memory chip 88.

In the alternative, with reference to Fig. 3, the memory chip 88 could be
attached to a coil connector 90, which may be attached to the solenoid coil 60 of the
electrical clutch operator 54 of the coupling device 10. The coil connector 80 may
be attached to the solenoid coil 60 in any suitable manner, such as those known to

persons having ordinary skill in the art. Similarly o an on-board memory chip 88
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that is mounted to the coupling device 10, a memory chip 88 that is attached to the
coil connector 90 is installed in communication with the vehicle controller, and the
vehicle controller in turn is installed in communication with the solenoid coif 60. In
other variations, the integrated memory chip 88 could be attached to any other
suitable system component.

In some forms, the memory chip 88 could be removably attached to the
coupling device 10, the coil connector 90, or another system component, to allow for
repair or replacement of the memory chip 88, for example.

Other instances of the electrical clutch operator 54 may have other
appropriate configurations instead of including a solenoid coil 60 and a pilot cluich
pack 56. Other examples include, but are not limited to, electromechanical devices
and electrohydraulic devices. The coupling device 10 may include any appropriate
electric motor configured to mechanically compress the interleaved clutch plates 80,
without falling beyond the spirit and scope of the present invention. An
electrohydraulic device may include an electric pump and/or an electrically actuated
valve to hydraulically compress the interleaved cluich plates 80.

Now referring to Fig. 4, a method 100 of providing a calibration curve of a
coupling device having an electrical clutch operator including a solenoid assembly to
a vehicle controller is shown as a block diagram. The method 100 according to the
present invention includes a step 102 of measuring at least one characteristic of the
coupling device, resulting in characteristic data. Typically, a plurality of
characteristics will be measured. For example, the step 102 may include measuring
values of torque output of the coupling device and values of current being drawn by
the solenoid coil of the coupling device, wherein each value of forque corresponds to
a value of current. Such characteristic data results in a torque-current calibration
curve.

The method 100 further includes a step 104 of writing the characteristic data
to a memory chip, the memory chip being in communication with a vehicle controlier
and integrated with the coupling device. Anocther step 106 of the method 100
includes communicating the characteristic data from the memory chip to the vehicle

controller.

10
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The method 100 could then include installing the coupling device, the
memory chip, and the vehicle controlier into a motor vehicle. The coupling device
couid be of the type hereinbefore described, such as a coupling device 10 including
an input member 12, at least one output member 14, and at least one modulating
clutch assembly 50 selectively coupling the input member 12 to the at least one
output member 14, wherein the modulating clutch assembly 50 includes an electrical
ctutch operator 54 and a plurality of clutch plates 80 having a first plurality 82 of
ctutch plates 80 coupled to the input member 12, and a second plurality 84 of cluich
plates 80 coupled to the at least one output member 14 and interleaved with the first
plurality 82 of clutch plates 80. Further, the coupling device 10 may be part of an all-
wheel-drive coupling system.

As a person skilled in the art will readily appreciate, the above description is
meant as an illustration of implementation of the principles this invention. This
description is not intended {o limif the scope or application of this invention in that
the invention is susceptible to modification, variation and change, without departing
from the spirit of this invention, as defined in the following claims.

11
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CLAIMS

1. A coupling device system for use in a motor vehicle (30}, the coupling
device system comprising:
a coupling device (10) comprising:
an input member (12) and at least one output member (14);
at least one modulating clutch assembly (50) selectively coupling the
input member (12) to the at least one output member (14), the modulating clutch
assembly (50) including an electrical clutch operator (54) and a plurality of clutch
plates (80), the plurality of clutch plates (80) having at least one first clutch plate (82)
coupled to the input member (12), and at least one second clutch plate (84) coupled
to the at least one output member (14) and disposed adjacent to the at least one first
clutch plate (82); and
a memory chip (88) integrated with the coupling device (10} and
configured to store data related to at least one measured characteristic of the
coupling device (10), the memory chip (88) being configured to communicate with a

vehicle controller (42).

2. The coupling device system of claim 1, wherein the data includes a
curve associated with the coupling device (10), the curve being a function of torque

versus current.

3. The coupling device system of claim 2, wherein the memory chip (88)
is configured to provide data to the vehicle controlier (42).

4. The coupling device system of claim 3, wherein the memory chip (88)
is configured to provide data to the vehicle controller (42} periodically, according to

predetermined time intervals.
5. The coupling device system of claim 4, wherein the memory chip (88)

is configured to provide data to the vehicle controller (42) when prompted by the

vehicle controller (42).

12
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6. The coupling device system of claim 1, wherein the memory chip (88)

is attached to the coupling device (10).

7. The coupling device system of claim 6, wherein the memory chip (88)

is mounted to the coupling device (10).

8. The coupling device system of claim 1, further comprising a coil
connector (90) attached to the electrical clutch operator (54), the memory chip (88)

being attached fo the coil connector (90).

9. The coupling device system of claim 1, wherein the memory chip (88)

is removably attached to the coupling device (10).

16. The coupling device system of claim 1, wherein the electrical cluich

operator (54) comprises a solenoid coil (60).

11. The coupling device system of claim 10, where in the at least one first
clutch plate (82) is a plurality of first clutch plates (82} and the at least one second
clutch plate (84) is a plurality of second clutch plates (84), the first and second

pluralities of clutch plates (82, 84) being interleaved.

12.  The coupling device system of claim 11, wherein the coupling device
(10) further comprises:

a pilot clutch pack (56} having a first plurality of pilot clutch plates (71)
coupled to the input member (12) and a second plurality of pilot clutch plates (73)
coupled to a clutch hub (72), the second plurality of pilot clutch plates (73) being
interleaved with the first plurality of pilot clutch plates (71); and

a pressure plate (70) adjacent to the pilot cluich pack (58),

wherein energization of the solenoid coil (60) translates a solenoid plunger

(62), causing the pressure plate (70) to compress the pilot clutch pack (56).

13
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13.  The coupling device system of claim 12, wherein compression of the
pilot clutch pack (56) engages a ball ramp operator (52) to compress the clutch
plates (80) of a main clutch pack (58) of the modulating clutch assembly (50).

14. A method (100) of providing a calibration curve of a coupling device

{10} having an electrical clutch operator {(54) including a solenoid assembly to a
vehicle controller (42), the method (100) comprising:

measuring at least one characteristic of the coupling device (10),
resulting in characteristic data;

writing the characteristic data to a memory chip (88), the memory chip
(88) being in communication with a vehicle controller (42) and integrated with the
coupling device {(10}); and

communicating the characteristic data from the memory chip (88) to

the vehicle controller (42).

15.  The method (100) of claim 14, wherein the step (102) of measuring at
least one characteristic of the coupling device (10) comprises measuring a plurality

of characteristics of the coupling device (10).

16.  The method (100) of claim 14, further comprising installing the coupling
device {10}, the memory chip (88), and the vehicle controller (42) into a motor
vehicle (30).

17.  The method (100) of claim 14, wherein the characteristic data includes
values of torque outfput of the coupling device (10) and values of current being
drawn by the solenoid coit (60), each value of torque output corresponding to a value

of current, resulting in a calibration curve.

14
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18. The method (100) of claim 17, wherein the coupling device (10)
includes an input member (12), at least one output member (14), and at least one
modulating clutch assembly (50} selectively coupling the input member (12) to the at
least one output member (14), the modulating clutch assembly (50) including the
electrical clutch operator (54) and a plurality of clutch plates (80} having a first
plurality (82} of clutch plates (80) coupled to the input member {12), and a second
plurality {84} of clutch piates (80) coupled to the at least one ocutput member (14)
and interleaved with the first plurality (82) of clutch plates (80).

19.  The method (100) of claim 18, wherein the coupling device (10) is part

of an all-wheel-drive coupling system.
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