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(57) Abréegée/Abstract:
A clutch/brake drive has a brake unit and a clutch unit (10). The brake unit and the clutch unit each includes a plurality of exterior

friction plates (20) and a plurality of interleaved friction plates (22). The lubrication for the clutch/brake unit (10) includes a plurality
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(57) Abrege(suite)/Abstract(continued):

of axial and radial passages (70, 638) formed Into the friction plates of both the brake unit and the clutch unit. This ensures
continuous and adeqguate supply of lubricant to the clutch and brake to reduce friction and remove generated heat.
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(54) Title: LUBRICATION SYSTEM FOR AN OIL. SHEAR CLUTCH/BRAKE DRIVE

(87) Abstract

A clutch/brake drive has a brake unit and a clutch unit (10). The brake unit and the clutch unit each includes a plurality of exterior
friction plates (20) and a plurality of interleaved friction plates (22). The lubrication for the clutch/brake unit (10) includes a plurality of
axial and radial passages (70, 68) formed into the friction plates of both the brake unit and the clutch unit. This ensures continuous and
adequate supply of lubricant to the clutch and brake to reduce friction and remove generated heat.
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LUBRICATION SYSTEM FOR AN OIL SHEAR CLUTCH/BRAKE DRIVE

Field of the | ’

The present invention relates to a machine tool drive having an oil shear brake
and/or clutch. More particularly, the present invention relates to a lubrication system
for an oil shear clutch/brake drive which improves the oil flow within the drive to
ensure a continuous supply of oil to the clutch and brake unit.

Background of the Invention

Dry friction clutch/brakes depend upon the rubbing of a dry friction material
against dry reaction members to start and stop a machine tool. This continuous dry
rubbing causes wearing of both the friction material and the reaction members as well
as causing the generation of heat in these members. The faster the machine tool
operates and the faster the flywheel rotates, greater is the amount of wear and heat
which are generated. This generation of wear and heat requires periodic gap
adjustment between the friction plates and the reaction members to keep the
clutch/brakes functioning and the machine tool operating correctly. The trip rate or
cycle speed of a machine tool equipped with a dry friction clutch/brake unit is limited
because the mass of the unit determines its heat dissipation capacity. If the mass of
the unit is increased to increase its heat dissipation capacity, the inertia that must be
started and stopped is also increased. These factors define a closed loop from which
it Is impossible to escape when trying to substantially increase the performance of the
system.

Oil shear brake and clutch units have been developed to eliminate the.
problems associated with the dry friction type of units. The oil shear systems use
hydraulic actuation instead of air actuation and the units have been developed with
key modules which can be easily adapted to be mated with the various types of

machine tools. Properly designed oil shear clutch/brake drives offer the advantage
of little or no wear of plates in the disk stacks and no brake fade. This provides a
more precise operation of the machine tool and dramatically increases machine tool
up-time. The oil film between the adjacent disks carries the heat generated by the
start-stops of the unit away from the disk stacks. This removal of heat offers the
advantage that there is now no practical limit for the machine tool trip rate and the
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fywheel speed. In addition, this removal of heat provides unlimited inching
capabilities.

While the oil shear clutch/brake drive units have significantly improved the
operation of machine tool drives, they present totally new issues which must be
addressed. One of these issues is providing an adequate supply of oil to the clutch
and brake assemblies of the drive. Prior art lubrication systems supply oil to the
inside portion of the drive (near the axis of rotation) and subsequently remove the oil
from the outside portion of the drive. The rotation of the components of the drive and
the associated centrifugal force acting on the oil in these prior art drives is thus in the
direction of the oil flow. There is therefore, a tendency in the prior art to increase the
flow rate of the oil. As long as a sufficient supply of lubricant is continuously supplied
to the drive, these prior art drives perform satisfactorily. Should there be a
momentary delay in the supply of oil to the inside portion of the drive, the friction
plates which are located on the outside portion of the drive would be momentarily
starved of oil. This starving of oil will result in the generation of heat and excessive
wear of the friction plates.

Various designs have been developed in an attempt to eliminate this type of
a problem. Prior art drives have been developed which reverse the direction of low
of the oil. These prior art drives supply the oil to the outside portion of the drive and
remove the oil near the axis of rotation or inside portion of the drive. The centrifugal
force acting on the oil due to the rotation of various components of the drive is thus
against the flow of the oil and these drives have proven to be more accommodating
to a momentary delay in the supply of oil.

While reversing the flow of oil has significantly improved the performance of
machine tool drives incorporating oil shear clutches and brakes, the continued
development of lubrication systems for ensuring a continuous and adequate supply
of lubricant to the friction plates of the clutch and brake assemblies.

summary of the invention
The present invention provides the art with a machine tool drive having a
unique lubrication system for the friction plates of the clutch and brake units of the
drive. The lubrication system provides lubricating fluid to the outer portion of the
brake unit. The friction plates of the brake and clutch unit are provided with radial and
axial passages to route the lubricating fluid throughout the interfaces between the
interior and exterior friction plates of the brake and clutch units.
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Other advantages and objects of the present invention will become apparent
to those skilled in the art from the subsequent detailed description, appended claims

and drawings.

3rief Description of the Drawinc

In the drawings which illustrate the best mode presently contemplated for
carrying out the present invention:

Figure 1 is a cross-sectional side view of a clutch/brake drive Incorporating the
unique lubrication system in accordance with the present invention;

Figure 2 is a plan view of one of the exterior friction plates shown in Figure 1:

Figure 3 is an end view of the exterior friction plate shown in Figure 2 showing
one of the plurality of lubrication grooves:

Figure 4 is a plan view of one of the interior friction plates shown in Figure 1:

Figure 5 is a plan view of the clutch ring shown in Figure 1; and

Figure 6 is a cross-sectional side view of a clutch/brake drive in accordance

with another embodiment of the present invention.

Oor corresponding parts throughout the several views, there is shown in Figure 1, a
clutch /brake unit in accordance with the present invention which is designated
generally by the reference numeral 10. Clutch/brake unit 10 Includes a brake housing
12, a brake hub 14, a clutch hub 16, a clutch ring 18, a plurality of exterior friction
plates 20 and 20', a plurality of interior friction plates 22 and 22', a piston 24 and a
plurality of biasing springs 26.

Brake housing 12 is attached to a stationary member of a machine tool (not
shown) using a plurality of bolts 30 or Dy any other means known well in the art.
Brake hub 14 is attached to clutch hub 16 using a plurality of bolts 32 or by any other
means known well in the art. Both brake hub 14 and clutch hub 16 are attached to
an input member (not shown) of the machine tool. The Input member of the machine
tool receives rotational motion from hubs 14 and 16 causing the machine tool to
perform its designated operation. Housing 12 is mounted in a coaxial relationship
with the input member of the machine tool and with hubs 14 and 16 such that hubs
14 and 16 rotate within housing 12. Clutch rng 18 is also mounted in a coaxial

relationship with hubs 14 and 16 and is attached to a source of rotational input such
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as a flywheel (not shown). During operation of the machine tool, clutch ring 18
continuously rotates with the flywheel.

A first plurality of exterior friction plates 20 are attached to housing 12 using
a spline 34 on housing 12 which mates with a spline 36 located on the outer
circumference of exterior friction plates 20. Splines 34 and 36 located the first
plurality of exterior friction plates 20 within housing 12 such that rotation with respect
to housing 12 is prohibited but the first plurality of exterior friction plates 20 are
allowed to move axially within housing 12. Interjected or interleaved between the first
plurality of exterior friction plates 20 are a first plurality of interior friction plates 22.
The first plurality of interior friction plates 22 inciude a spline 38 on their interior
circumference which mates with a spline 40 located on brake hub 14 Splines 38 and
40 locate the first plurality of interior friction plates 22 within housing 12 such that
rotation with respect to brake hub 14 is prohibited but the first plurality of interior
friction plates 22 are allowed to move axially on brake hub 14. The first plurality of
interior friction plates 22 thus rotate with brake hub 14.

A second plurality of exterior friction plates 20' are attached to clutch rnng 18
using a spline 42 on clutch ring 18 which mates with spline 36 located on the outer
circumference of exterior friction plates 20. Splines 42 and 36 locate the second
plurality of exterior friction plates 20' within clutch ring 18 such that rotation with
respect to clutch ring 18 is prohibited but the second plurality of exterior friction plates
20" are allowed to move axially within clutch ring 18. The second plurality of exterior
friction plates 20' thus rotate with clutch ring 18. Interjected or interleaved between
the second plurality of exterior friction plates 20" are a second plurality of interior
friction plates 22'. Splines 38 on the interior circumference of the second set of interior
friction plates 22" mate with a spline 44 located on clutch hub 16. Splines 38 and 44
locate the second set of interior friction plates 22' within clutch ring 18 such that
rotation with respect to clutch hub 16 is prohibited but the second piurality of interior
friction plates 22' are allowed to move axially on clutch hub 16. The second plurality
of interior friction plates 22' thus rotate with clutch hub 16.

Piston 24 is located within a piston bore 46 formed by brake hub 14 and clutch
hub 16. Piston 24 along with brake hub 14 and clutch hub 16 define a fluid chamber
48. Piston 24 includes an activation member 50 which is disposed between the first
and second plurality of exterior and interior friction plates 20, 20' and 22, 22,
respectively, as shown in Figure 1. Piston 24 is axially movable within piston bore 46
between a first position (to the right in Figure 1) where the first plurality of exterior and
interior friction plates 20' and 22' are compressed (brake applied, clutch disengaged)
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and a second position (to the left in Figure 1) where the second plurality of exterior

and interior friction plates 20 and 22 are compressed (brake released, clutch

engaged). The plurality of springs 26 are each disposed in a spring pocket 52 formed

In clutch hub 16 and operate to bias piston 24 into its first position or to the right in
S Figure 1.

The operation of clutch/brake unit 10 begins with unit 10 being positioned as
shown in Figure 1. Clutch ring 18 is rotating due to its connection to the driving
mechanism or flywheel of the machine tool. The second plurality of exterior friction
plates 20" are rotating with clutch ring 18 and with respect to the second plurality of

10 interior friction plates 22' and clutch hub 16. (Clutch disengaged). The second
plurality of exterior friction plates 20" are allowed to rotate with respect to the second
plurality of interior friction plates 22' due to the biasing of piston 24 and activation
member 50 to the right as shown in Figure 1. The input member of the machine tool
s being held stationary due to its connection with clutch hub 16 and brake hub 14.

15 Hubs 14 and 16 are heid stationary due to the first plurality of interior friction plates
22 being compressed against the first plurality of exterior friction plates 20 by the
plurality of springs 26 biasing piston 24 and activation member 50 to the right as
shown in Figure 1. (Brake applied). The splined connection between the first plurality
of interior friction plates 22 and brake hub 14 in conjunction with the splined

20 connection between the first plurality of exterior friction plates 20 and housing 12, lock
hubs 14 and 16, and thus the input member of the machine tool, to stationary housing

12.

When it is desired to cycle or operate the machine tool, machine pressurized
fluid is supplied to chamber 48 through a port 54. Machine pressurized fiuid within

25 chamber 48 exerts a force on piston 24 which overcomes the biasing load being
exerted on piston 24 by the plurality of springs 26 and piston 24 is moved to the left
as shown in Figure 1. The movement to the left of piston 24 releases the
compressive load between the first plurality of exterior and interior friction plates 20
and 22 (brake released) and exerts a compressive load on the second plurality of

30 exterior and interior friction plates 20' and 22 (Clutch engaged). The release of
compressive load between the first plurality of exterior and interior friction plates 20
and 22 permits rotation of the first plurality of interior friction plates 22 with respect to
the first plurality of exterior friction plates 20 and thus permitting the rotation of hubs
14 and 16 with respect to housing 12. The compressive load exerted by activation

35 member 50 locks the second plurality of interior friction plates 22' to the second
plurality of exterior friction plates 20'. The spine connections between clutch hub 16
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and the second plurality of interior friction plates 22' in conjunction with the spline
connections between clutch ring 18 and the second plurality of exterior friction plates
20' cause hubs 16 and 14 to rotate with clutch ring 18 driven by the output member
or flywheel of the machine tool. Release of machine pressurized fluid from chamber
48 will cause clutch/brake unit 10 to move back to the position shown in Figure 1 or
its starting position.

The present invention is directed towards a unique lubrication system which
provides a continuous supply of lubricating fluid to the first and second plurality of
exterior and interior friction plates 20, 20" and 22. 22" Housing 12 defines a lubricant
inlet 60 and a lubricant outlet 62. Inlet 60 includes a threaded portion 64 and an
arcuate notched portion 66 for providing lubricant to clutch/brake unit 10. Each of the
plurality of exterior friction plates 20, 20' are provided with a plurality of radially
extending passages 68. (See Figures 2 and 3). Passages 68 extend entirely across
the contact area of exterior friction plates 20, 20'. Each of the plurality of interior
friction plates 22, 22' have four splines symmetrically located around the inner
circumference of interior friction plates 22. 22' eliminated to define four lubrication
passages 70. (See Figure 4). Clutch ring 18 defines a pair of arcuate notches 72
which extend into splines 42 providing a fluid passage for the lubricating oil. (See
Figure 5).

Referring now to Figure 1, the fluid flow for lubricating oil for reducing friction
and providing cooling is depicted by arrows 74. Lubricating fluid is supplied to inlet
60 from a source of lubricating fluid (not shown). The lubricating fluid flows through
threaded portion 64, through arcuate notched portion 66 and radially inward into the
Interface between the first plurality of exterior and interior friction plates 20 and 22
through the plurality of passages 68 defined by the first plurality of exterior friction
plates 20. The rotational movement of brake hub 14 during operation of clutch/brake
unit 10 will circumferentially distribute the lubricating fiuid. The lubricating fluid flows
radially inward through passages 68 and then travels axially to the left as shown in
Figure 1 through passages 70 defined by the first plurality of interior friction plates 22.
The lubricant continues its axial flow through a plurality of lubricant bores 76
extending through piston 24 and enters passages 70 defined by the second plurality
of interior friction plates 22'. The fluid flow then turns radially outward through the
plurality of passages 68 defined by the second plurality of exterior friction plates 20"
The centrifugal force exerted on the lubricant due to the continued rotation of the
second plurality of exterior friction plates 20° iImproves the flow of |lubricant radially

outward. Fluid flow from passages 68 defined by the second plurality of exterior

YVUUHUO 777 vL v
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friction plates 20' flows into arcuate notches 72 defined by clutch ring 18 and from
notches 72 into an annular chamber 78 which is in communication with outlet 62.
Lubricating fluid enters outlet 62 from notches 72 and returns to the source of
lubricating fluid for cleaning and/or cooling prior to again being supplied to inlet 60.

Thus, lubricant flow is directed through passages defined by the components
of the drive (exterior and interior friction plates 20, 20" and 22, 22') which require
lubrication for reducing friction and removing heat. By directing the lubricant flow
directly into the interface between the friction plates, an improved lubrication system
has been developed which ensures an adequate supply of lubricating fluid is always
avallable for clutch/brake unit 10.

Referring now to Figure 6, a clutch/brake unit is shown in accordance with
another embodiment of the present invention which is designated generally by the
reference numeral 110. Clutch/brake unit 110 includes a brake housing 112, a
brake/clutch hub 114, a clutch ring 118, the plurality of exterior friction plates 20 and
20, the plurality of interior friction plates 22 and 22', a piston 124 and a plurality of
biasing springs 126.

Brake housing 112 is attached to 3 stationary member of a machine tool (not
shown) using the plurality of bolts 30 or by any other means known well in the art.
Brake/clutch hub 114 is attached to an input member (not shown) of the machine
tool. The input member of the machine tool receives rotational motion from hub 114
causing the machine tool to perform its designated operation. Housing 112 is
mounted in a coaxial relationship with the input member of the machine tool and with
hub 114 such that hub 114 rotates within housing 112. Clutch ring 118 is also
mounted in a coaxial relationship with hub 114 and is attached to a source of
rotational input such as a flywheel (not shown). During operation of the machine tool,
clutch ring 118 continuously rotates with the flywheel.

The first plurality of exterior friction plates 20 are attached to housing 112
using spline 34 on housing 112 which mates with the spline 36 located on the outer
circumference of exterior friction plates 20. Splines 34 and 36 Iocated the first
plurality of exterior fricticn plates 20 within housing 112 such that rotation with respect
to housing 112 is prohibited but the first plurality of exterior friction plates 20 are
allowed to move axially within housing 112. Interjected or interleaved between the
first plurality of exterior friction plates 20 are the first plurality of interior friction plates
22. The first plurality of interior friction plates 22 include spline 38 on their interior
circumference which mates with spline 40 located on brake/clutch hub 114. Splines

38 and 40 locate the first plurality of interior friction plates 22 within housing 112 such

BMENDED SHELT
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that rotation with respect to brake/clutch hub 114 is prohibited but the first plurality of
interior friction plates 22 are allowed to move axially on brake/clutch hub 114. The
first plurality of interior friction plates 22 thus rotate with brake/clutch hub 114.

The second plurality of exterior friction plates 20" are attached to clutch ring
118 using spline 42 on clutch ring 118 which mates with spline 36 located on the outer
circumference of exterior friction plates 20'. Splines 42 and 36 locate the second
plurality of exterior friction plates 20' within clutch rng 118 such that rotation with
respect to clutch ring 118 is prohibited but the second plurality of exterior friction
plates 20" are allowed to move axially within clutch ring 118. The second plurality of
exterior friction plates 20' thus rotate with clutch ring 118. Interjected or interleaved
between the second plurality of exterior friction plates 20" are the second plurality of
interior friction plates 22'. Splines 38 on the interior circumference of the second set
of interior friction plates 22' mate with spline 44 located on brake/clutch hub 114,
Splines 38 and 44 locate the second set of interior friction plates 22" within clutch ring
118 such that rotation with respect to brake/clutch hub 114 is prohibited but the
second plurality of interior friction plates 22' are allowed to move axially on
brake/clutch hub 114. The second plurality of interior friction plates 22' thus rotate
with brake/clutch hub 114

Piston 124 is located coaxially with brake/clutch hub 114. Piston 124 along
with brake/clutch hub 114 define a fluid chamber 148. Piston 124 is axially movable
with respect to brake/piston hub 114 between a first position (to the right in Figure 6)
where the first plurality of exterior and interior friction plates 20 and 22 are
compressed (brake applied, clutch disengaged) and a second position (to the left in
Figure 6) where the second plurality of exterior and interior friction plates 20' and 22’
are compressed (brake released, clutch engaged). The plurality of springs 126 are
each disposed in a spring pocket 152 formed in brake/clutch hub 114 and operate to
Dias piston 124 into its first position or to the right in Figure 6.

The operation of clutch/brake unit 110 begins with unit 110 being positioned
as shown in Figure 6. Clutch ring 118 is rotating due to its connection to the driving
mechanism or flywheel of the machine tool. The second plurality of exterior friction
plates 20" are rotating with clutch ring 18 and with respect to the second plurality of
interior friction plates 22' and brake/clutch hub 114. (Clutch disengaged). The
second plurality of exterior friction plates 20" are allowed to rotate with respect to the
second plurality of interior friction plates 22' due to the biasing of piston 124 to the
right as shown in Figure 6. The input member of the machine tool is being held
stationary due to its connection with brake/clutch hub 114. Hub 114 is held stationary

AMENDED SHEE: -
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due to the first plurality of interior friction plates 22 being compressed against the first
plurality of exterior friction plates 20 by the plurality of springs 126 biasing piston 124
to the right as shown in Figure 6. (Brake applied). The splined connection between
the first plurality of interior friction plates 22 and brake/clutch hub 114 in conjunction
with the splined connection between the first plurality of exterior friction plates 20 and
housing 112, lock hub 114, and thus the iInput member of the machine tool, to
stationary housing 112.

exerts a force on piston 124 which overcomes the biasing load being exerted on
piston 124 by the plurality of springs 126 and piston 124 is moved to the left as shown
In Figure 6. The movement to the left of piston 124 releases the compressive load
between the first plurality of exterior and interior friction plates 20 and 22 (brake
released) and exerts a compressive load on the second plurality of exterior and
interior friction plates 20' and 22' (clutch engaged). The release of compressive load
between the first plurality of exterior and interior friction plates 20 and 22 permits
rotation of the first plurality of interior friction plates 22 with respect to the first plurality
of exterior friction plates 20 and thus permitting the rotation of hub 114 with respect
to housing 112. The compressive load exerted by piston 124 locks the second
plurality of interior friction plates 22' to the second plurality of exterior friction plates
20°. The spine connections between brake/clutch hub 114 and the second plurality
of interior friction plates 22' in conjunction with the spline connections between clutch
ring 118 and the second plurality of exterior friction plates 20' cause hub 114 to rotate
with clutch ring 118 driven by the output member or flywheel of the machine tool.
Release of pressurized fluid from chamber 148 wil cause clutch/brake unit 110 to
move back to the position shown in Figure 6 or its starting position.

This embodiment of the present invention is also directed towards a unique
lubrication system which provides a continuous supply of lubricating fluid to the first
and second plurality of exterior and interior friction plates 20, 20" and 22, 22'. Housing
112 defines a lubricant inlet 160 and a lubricant outlet 162. Each of the plurality of
exterior friction plates 20, 20' are provided with the plurality of radially extending
passages 68. (See Figures 2 and 3). Passages 68 extend entirely across the contact
area of exterior friction plates 20, 20'. Each of the plurality of interior friction plates
22, 22' have four splines symmetrically located around the inner circumference of
interior friction plates 22 eliminated to define four lubrication passages 70. (See
Figure 4). While clutch/drive unit 10 is being described having friction plates 22, 22
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with lubrication passages 70, its is within the scope of the present invention to
eliminate passages 70 and have continuous splines 38 within the interior of plates 22,
22" if desired.

Referring now to Figure 6, the fluid flow for lubricating oil for reducing friction
and providing cooling is depicted by arrows 174. Lubricating fluid is supplied to inlet
160 from a source of lubricating fluid (not shown). The lubricating fiuid flows through
inlet 160 and radially inward into the interface between the first plurality of exterior
and interior friction plates 20 and 22 through the plurality of passages 68 defined by
the first plurality of exterior friction plates 20. The rotational movement of brake/clutch
hub 114 during operation of clutch/brake unit 110 will circumferentially distribute the
lubricating fluid. The lubricating fiuid flows radially inward through passages 68 and
then travels through a plurality of passages 180 formed in brake/clutch hub 114 and
then axially to the left as shown in Figure 1 through a plurality of passages 182
defined by brake/clutch hub 114. The fluid flow then turns radially outward through
a plurality of passages 184 in bake/clutch hub 114 and then through the plurality of
passages 68 defined by the second plurality of exterior friction plates 20'. The
centrifugal force exerted on the lubricant due to the continued rotation of the second
plurality of exterior friction plates 20" improves the flow of lubricant radially outward.
Fluid flow from passages 68 defined by the second plurality of exterior friction plates
20" flows into a cavity 186 which is in communication with outlet 162. Lubricating fluid
exits outlet 162 and returns to the source of lubricating fluid for cleaning and/or
cooling prior to again being supplied to inlet 160.

Thus, lubricant flow is directed through passages defined by the components
of the drive (exterior and interior friction plates 20, 20" and 22, 22") which require
lubrication for reducing friction and removing heat. By directing the lubricant flow
directly into the interface between the friction plates, an improved lubrication system
has been developed which ensures an adequate supply of lubricating fluid is always
available for clutch/brake unit 110.

While the above detailed description describes the preferred embodiment of
the present invention, it should be understood that the present invention is susceptible
to modification, variation and alteration without deviating from the scope and fair

meaning of the subjoined claims.
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CLAIMS:

1. A clutch/brake drive comprising:

a housing having a fluid inlet and a fluid outlet, said fluid outlet being separated from
said fluid inlet;

a clutch ring rotatably disposed with respect to said housing;

a hub rotatably disposed with respect to said housing;

a brake disposed between said housing and said hub, said brake being movable
between an applied condition where said hub is locked to said housing and a released condition
where said hub can rotate with respect to said housing, said brake comprising a first plurality
of friction plates alternately splined, respectively, to said housing and said hub;

a clutch disposed between said hub and said clutch ring, said clutch being movable
between an engaged condition where said hub is locked to said clutch ring and a disengaged
condition where said clutch ring can rotate relative to said hub, said clutch comprising a second
plurality of friction plates alternately splined, respectively, to said hub and said clutch ring; and

a lubricant passage extending from said fluid inlet through said brake, through said
clutch and to said fluid outlet, said lubricant passage being partially defined by a first radial
passage in said first plurality of friction plates and a second radial passage in said second
plurality of friction plates as well as by said housing surrounding said first and second plurality
of friction plates, said lubricant passage directing lubricant flow serially from said fluid inlet
radially inward through said first plurality of friction plates, then axially to said second plurality
of friction plates then radially outward to said fluid outlet.

2. The clutch/brake unit according to claim 1 wherein, said lubricant passage is partially

defined by a radial passage in said first plurality of friction plates.

3. The clutch/brake unit according to claim 2 wherein, said lubricant passage is partially

defined by an axial passage in said first plurality of friction plates.

4. The clutch/brake unit according to claim 1 wherein, said lubricant passage is partially

defined by an axial passage in said first plurality of friction plates.

5. The clutch/brake unit according to claim 1 wherein, said lubricant passage is partially
defined by a first axial passage in said first plurality of friction plates and a second axial

passage in said second plurality of friction plates.
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6. The clutch/brake drive according to claim 1 wherein, said first plurality of friction plates
comprise a plurality of exterior friction plates and a plurality of interior friction plates, said
lubricant passage being partially defined by a radial passage in at least one of said plurality of

exterior friction plates.

7. The clutch/brake unit according to claim 6 wherein, said lubricant passage is partially
defined by an axial passage in at least one of said plurality of interior friction plates.

8. The clutch/brake drive according to claim 1 wherein, said first plurality of friction plates
comprise a plurality of exterior friction plates and a plurality of interior friction plates, said
lubricant passage being partially defined by a radial passage in at least one of said plurality of

interior friction plates.

Q. The clutch/brake drive according to claim 1 wherein, said first plurality of friction plates
comprise a first plurality of exterior friction plates and a first plurality of interior friction plates,
said second plurality of friction plates comprise a second plurality of exterior friction plates and
a second plurality of interior friction plates, said lubricant passage being defined by a first radial
passage in at least one of said first plurality of exterior friction plates and a second radial

passage in at least one of said second plurality of exterior friction plates.

10.  The clutch/brake unit according to claim 9 wherein, said lubricant passage is partially
defined by a first axial passage in at least one of said plurality of first interior friction plates and
a second axial passage in at least one of said plurality of second interior friction plates.

11.  The clutch/brake drive according to claim 1 wherein, said first plurality of friction plates
comprise a first plurality of exterior friction plates and a first plurality of interior friction plates,
said second plurality of friction plates comprise a second plurality of exterior friction plates and
a second plurality of interior friction plates, said lubricant passage being defined by a first axial
passage in at least one of said first plurality of interior friction plates and a second axial passage
in at least one of said second plurality of interior friction plates



CA 02320862 2000-08-17

SWVUHVV / /7 VL UV 1

WCEAUS 8 114R 000

1/4

s

O
QO
O

4[

~N

N
3

O
O

S\ N
NA

O
M

SN

X1

I

NNV N N N

NN NN NY [

LN NN NI -

l ' ‘.‘.‘ ‘.\

S S S SO

AW WY
S N NN

sJ““
;. [[T77/
////

.
s

~¢
g

bty
>

7
LS

\\sﬂ,l <

/
W

O

T e ——— T — - e a

4

/6

N

/

N

AN A\
\ /

/f

.mvz,mm”
S
NN

P XX 2 .
ﬂ.-bwf.l.jr“u,
[ .?’!’ .
AN N IS NI
SRNANA YA NN ‘v
/i

,‘nﬂmmW

62

/4

£D SHEET

AMEND



CA 02320862 2000-08-17 SVVHUV 7 77 v L UL

2/4

38

Fig—4 70?

AMENDED SHec

- o ww.4v:é-“‘=W:ﬂlW\1MW-m{“wmmmu.-sm.--,.-t.w..,,.. e e e . .



WO 99/42740

CA

02320862 2000-08-16

/2

/2

42

PCT/US99/02687

s

Fig—3




N s I W o

ABEANS U 8 nar zuy

TWUWUV ¢/ /¢

186
148

4/4
174

CA 02320862 2000-08-17

0 o
N M =
W—

30

AW.=)
A

I!If E——

——Two ] RS
_”-mE /ﬂ

SN NN N N

i} VAV AP AV AV .AYA
AVAVANANE L 28

I 8V AV Ay .AVENewa

i

\

g
e

-
' " N ’

SasaulNpS
(7 72 7 7 1 u ‘

mmﬁm.u”ﬂ _—
/

%"
160

17

J"‘..

(L L & & A

’
NP
’F""‘I

E——— NSSSasa

H NN NANA AN m
N

L L L L L I

I £ L L L L
"“r‘y‘.

.V""‘m‘

3 ﬂ ”’ n”..wn ﬁ.Mlm/. ’ ¥ Saa e
” ‘\ A”l...l_ _’ ) ~
r QhWAE .
S v//‘ymmmm—_m o 4 3 m

Y

38
777

\“‘.

\‘ i
N
=
N
N

(T



12
74

0
VN
18

20

3

ue...

;_\ X/l
/
l r'j'",‘
. [ | ".”I.;’l

a

AR ARV AR AR A 4 R

) ’,’"

W AV N AV ey .4 R l

m_.vw”w
\\

7
l..mm

-...... Il

L L IS A S AN

L & £ £ 271 1 |

L BN A N N\ |

e L L g g 1 1 |

1 P R Y

A, W sy . wh =

4%.,-,.,

7%

=

62

74



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - abstract drawing

