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CLUTCH PACK TRAVEL COMPENSATOR
FOR REDUCED DRAG

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(e) of U.S. Provisional Application No. 61/453,752 filed Mar.
17, 2011, which application is incorporated herein by refer-
ence.

TECHNICAL FIELD

The present disclosure relates to a clutch control assembly
for a clutch pack in a transmission. In particular, the present
disclosure relates to a clutch control assembly for reducing
drag in the clutch pack while optimizing response time for
clamping the clutch pack.

BACKGROUND

FIG. 12 is a prior art pressure versus travel diagram for a
clutch piston plate in a transmission. For a typical known wet
clutch used as a shifting clutch in a transmission a piston is
displaced to close the clutch by pressurized oil behind the
piston. Elements of a clutch pack for the clutch must be held
apart when the clutch is not applied in order to minimize drag
and improve fuel economy. This can be accomplished with a
return spring. A typical lift-off gap is 2 mm which results in
about 0.2 mm of lift-off per friction surface. In order to close
the clutch, force is applied to the piston to move the piston
into contact with the clutch pack and the force is increased to
clamp the clutch pack. As shown in FIG. 12, in this example,
a piston plate for the clutch travels 2.0 mm before contacting
the clutch pack.

There is a conflict in wet clutch pack design between drag
torque and shift time. That is, as the lift-off gap is increased,
drag torque drops but shift time goes up. This is because the
piston must be moved through the larger lift-off gap. This
movement requires a larger amount of oil and a subsequent
increase in time to supply the oil. In fact, 24 of the oil needed
to apply the clutch is used simply to close the lift-oft gap.
Therefore, known wet clutches are designed with more drag
than desired in order to minimize shift time. Furthermore, the
point at which the piston contacts the clutch pack can be
difficult to determine. The point varies as friction material in
the clutch pack sets or wears and varies as a function of time
since the piston was last applied. This uncertainty necessi-
tates the added complexity of control algorithms to avoid
rough shifts. Because the lift-oft gap is so critical, tolerance
adjusting methods are used when producing friction packs.
These methods can include measuring the assembled pack
and installing a select fit washer, or sorting plates and com-
bining those that will give a nominal stack. Both methods add
to production cost.

SUMMARY

According to aspects illustrated herein, there is provided a
clutch control assembly for a transmission, including a piston
plate including a first side having a first ramp, and a second
side. The assembly includes an adjustment ring in contact
with the first ramp, and at least one rotary piston with a first
end fixed to the adjustment ring. In response to a first force
applied to the second radially disposed side and the at least
one rotary piston, the at least one rotary piston is displaceable
to urge the adjustment ring in a first circumferential direction
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along the first ramp such that the adjustment rings displaces in
a first axial direction away from the piston plate.

According to aspects illustrated herein, there is provided a
clutch control assembly for a transmission, including: a pis-
ton plate; and an adjustment ring in contact with the piston
plate. In response to a first force on the piston plate, the
adjustment ring is displaceable in a first axial direction to
contact a clutch pack for the transmission while the piston
plate remains in a fixed axial position. In response to a second
force, greater than the first fluid force, on the piston plate, the
piston plate is displaceable in the first axial direction such that
the adjustment ring clamps the clutch pack.

According to aspects illustrated herein, there is provided a
clutch control assembly for a transmission, including a piston
plate with a first side having a plurality of circumferentially
aligned and axially extending ramps, and a second side. The
assembly includes an adjustment ring in contact with the
plurality of ramps; a plurality of rotary pistons passing
through respective openings in the piston plate and with
respective first ends fixed to the adjustment ring; and a plu-
rality of springs disposed about respective outer circumfer-
ences of the plurality of rotary pistons and engaged with the
second side of the piston plate and the plurality of rotary
pistons. The plurality of springs urges the adjustment plate in
a first circumferential direction along the plurality of ramps
such that the adjustment plate displaces in a first axial direc-
tion. In response to a first force applied to the second side and
the plurality of rotary pistons, the plurality of rotary pistons is
displaceable to urge the adjustment ring in a second circum-
ferential direction, opposite the first circumferential direc-
tion, along the plurality of ramps such that the adjustment
rings displaces in a second axial direction, opposite the first
axial direction, to contact a clutch pack for the transmission.
In response to a second fluid force, greater than the first fluid
force, applied to the second side, the piston plate is displace-
able in the second axial direction such that the adjustment ring
clamps the clutch pack for the transmission.

These and other objects and advantages of the present
disclosure will be readily appreciable from the following
description of the invention and from the accompanying
drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are disclosed, by way of example
only, with reference to the accompanying schematic drawings
in which corresponding reference symbols indicate corre-
sponding parts, in which:

FIG. 1A is a perspective view of a cylindrical coordinate
system demonstrating spatial terminology used in the present
application;

FIG. 1B is a perspective view of an object in the cylindrical
coordinate system of FIG. 1A demonstrating spatial termi-
nology used in the present application; and,

FIG. 2 is a front perspective exploded view of a clutch
control assembly for a transmission;

FIG. 3 is a back perspective exploded view of the clutch
control assembly shown in FIG. 2;

FIG. 4 is a front view of the clutch control assembly shown
in FIG. 2 with an adjustment ring in a refracted position;

FIG. 5isacross-sectional view of the clutch control assem-
bly shown in FIG. 2, generally along line 5-5 in FIG. 4;

FIG. 6 is a front view of the clutch control assembly shown
in FIG. 2 with an adjustment ring in an extended position;

FIG. 7 isa cross-sectional view of the clutch control assem-
bly shown in FIG. 2, generally along line 7-7 in FIG. 6;
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FIG. 8 is arear view of the clutch control assembly shown
in FIG. 2 in a transmission housing;

FIG. 9 is a cross-sectional view of the clutch control assem-
bly and transmission housing shown in FIG. 8, generally
along line 9,10-9,10 in FIG. 8, showing the adjustment ring in
the retracted position, and a clutch pack for the transmission;

FIG. 10 is a cross-sectional view of the clutch control
assembly and transmission housing shown in FIG. 8, gener-
ally along line 9,10-9,10 in FIG. 8, showing the adjustment
ring in the extended position, and a clutch pack for the trans-
mission;

FIG. 11 is a pressure versus travel diagram for the piston
plate in the clutch shown in FIGS. 9 and 10; and,

FIG. 12 is a prior art pressure versus travel diagram for a
clutch piston plate in a transmission.

DETAILED DESCRIPTION

At the outset, it should be appreciated that like drawing
numbers on different drawing views identify identical, or
functionally similar, structural elements of the disclosure. It is
to be understood that the disclosure as claimed is not limited
to the disclosed aspects.

Furthermore, it is understood that this disclosure is not
limited to the particular methodology, materials and modifi-
cations described and as such may, of course, vary. It is also
understood that the terminology used herein is for the purpose
of describing particular aspects only, and is not intended to
limit the scope of the present disclosure.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
to one of ordinary skill in the art to which this disclosure
belongs. It should be understood that any methods, devices or
materials similar or equivalent to those described herein can
be used in the practice or testing of the disclosure.

FIG. 1A is a perspective view of cylindrical coordinate
system 80 demonstrating spatial terminology used in the
present application. The present invention is at least partially
described within the context of a cylindrical coordinate sys-
tem. System 80 has a longitudinal axis 81, used as the refer-
ence for the directional and spatial terms that follow. The
adjectives “axial,” “radial,” and “circumferential” are with
respect to an orientation parallel to axis 81, radius 82 (which
is orthogonal to axis 81), and circumference 83, respectively.
The adjectives “axial,” “radial” and “circumferential” also
are regarding orientation parallel to respective planes. To
clarify the disposition of the various planes, objects 84, 85,
and 86 are used. Surface 87 of object 84 forms an axial plane.
That is, axis 81 forms a line along the surface. Surface 88 of
object 85 forms a radial plane. That is, radius 82 forms a line
along the surface. Surface 89 of object 86 forms a circumfer-
ential plane. That is, circumference 83 forms a line along the
surface. As a further example, axial movement or disposition
is parallel to axis 81, radial movement or disposition is par-
allel to radius 82, and circumferential movement or disposi-
tion s parallel to circumference 83. Rotation is with respect to
axis 81.

The adverbs “axially,” “radially,” and “circumferentially”
are with respect to an orientation parallel to axis 81, radius 82,
or circumference 83, respectively. The adverbs “axially,”
“radially,” and “circumferentially” also are regarding orien-
tation parallel to respective planes.

FIG. 1B is a perspective view of object 90 in cylindrical
coordinate system 80 of FIG. 1A demonstrating spatial ter-
minology used in the present application. Cylindrical object
90 is representative of a cylindrical object in a cylindrical
coordinate system and is not intended to limit the present
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invention in any manner. Object 90 includes axial surface 91,
radial surface 92, and circumferential surface 93. Surface 91
is part of an axial plane, surface 92 is part of aradial plane, and
surface 93 is a circumferential surface.

FIG. 2 is a front perspective exploded view of clutch con-
trol assembly 100 for a transmission.

FIG. 3 is a back perspective exploded view of clutch con-
trol assembly 100 shown in FIG. 2. The following should be
viewed in light of FIGS. 2 and 3. Clutch control assembly 100
includes piston plate 102, adjusting ring 104, a plurality of
pistons 106, and a plurality of springs 108 disposed about
pistons 106. For example, each spring is disposed about outer
circumference 110 for a respective piston. In an example
embodiment, the pistons are made of plastic, or steel or alu-
minum wire. The piston plate includes radially disposed side
112 having a plurality of circumferentially aligned, or dis-
posed, and axially extending ramps 114, and radially dis-
posed side 116. Pistons 106 include respective ends 118 fixed
to the adjustment ring. In an example embodiment, the adjust-
ment ring includes a plurality of circumferentially aligned, or
disposed, and axially extending ramps 122 in contact with
ramps 114, for example, surfaces 124 of ramps 114.

FIG. 4 is a front view of clutch control assembly 100 shown
in FIG. 2 with the adjustment ring in a retracted position.

FIG. 5 is a cross-sectional view of clutch control assembly
100 shown in FIG. 2, generally along line 5-5 in FIG. 4. The
following should be viewed in light of FIGS. 2-5. In an
example embodiment, the rotary pistons pass through open-
ings 126 in the piston plate and are sealed with respect to the
piston plate by seals 128. Ends 118 of the pistons are fixedly
secured to the adjustment ring, for example, to axial protru-
sions 130. Springs 108 include ends 132 in contact with the
piston plate and opposite ends 134. Pistons 106 include ends
136 opposite ends 118. Ends 134 are at least indirectly
engaged with ends 136. In an example embodiment, the pis-
tons include protrusions 138 proximate ends 136 and ends
134 are engaged with the protrusions. In an example embodi-
ment, the protrusions are clips attached to the pistons.

The plurality of springs urge the rotary pistons in direction
PD1, drawing ends 118 closer to openings 126. This move-
ment urges the adjustment plate in circumferential direction
CD1, which causes ramps 122 to advance down and along
ramps 114, such that the adjustment plate displaces in axial
direction AD1, for example, toward the piston plate. Thus,
outer portion 140 of the adjustment ring is drawn closer to the
piston plate. This is the retracted position shown in FIGS. 4
and 5.

FIG. 6 is a front view of clutch control assembly 100 shown
in FIG. 2 with the adjustment ring in an extended position.

FIG. 7 is a cross-sectional view of clutch control assembly
100 shown in FIG. 2, generally along line 7-7 in FIG. 6. The
following should be viewed in light of FIGS. 2-7. To operate
assembly 100, fluid, and subsequent force from the fluid, is
applied to side 116 of the piston plate and to the portion of the
rotary pistons disposed on side 116 of the piston plate, for
example, ends 134. For force below a first level, the rotary
pistons are displaced in direction PD2, opposite PD1, pushing
ends 136 closer to openings 126. This movement urges the
adjustment plate in circumferential direction CD2, opposite
direction CD1, which causes ramps 122 to advance up and
along ramps 114, such that the adjustment plate displaces in
an axial direction AD2, opposite direction AD1. Thus, outer
portion 140 of the adjustment ring is pushed away from the
piston plate. This is the extended position shown in FIGS. 6
and 7. The piston plate remains in a fixed axial position. As
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further described infra, in the extended position, the adjust-
ment ring can be brought into contact with a clutch pack for a
transmission.

When the fluid force on side 116 of the piston plate is
increased beyond the first level, the piston plate displaces in
direction AD2, for example, to clamp the clutch pack in
contact with the adjustment ring.

In an example embodiment, the piston plate includes belled
sections 142 including openings 126. Sections 142 provide
portions 144 that provide support and orientation for ends 132
of the springs. In an example embodiment, the assembly
includes clip ring 148 and seals 150 and 152. Ring 148 retains
seal 150 with respect to the piston plate to seal the outer
circumference of the piston plate, for example with respect to
a housing as shown infra. Ring 148 retains seal 152 with
respect to the piston plate to seal the inner circumference of
the piston plate as shown infra. Axial protrusions 154 retain
seals 128 and include openings 156 through which the pistons
pass.

FIG. 8 is a rear view of clutch control assembly 100 shown
in FIG. 2 in transmission housing 158.

FIG. 9 is a cross-sectional view of clutch control assembly
100 and transmission housing 158 shown in FIG. 8, generally
along line 9,10-9,10 in FIG. 8, showing the adjustment ring in
the retracted position, and clutch pack 160 for the transmis-
sion.

FIG. 10 is a cross-sectional view of clutch control assem-
bly 100 and transmission housing 158 shown in FIG. 8, gen-
erally along line 9,10-9,10 in FIG. 8, showing the adjustment
ring in the extended position, and clutch pack 160 for the
transmission. The following should be viewed in light of
FIGS. 2 through 10. By clutch pack we mean a combination
of clutch plates, for example clutch plates 162, and friction
material, for example, friction material 164. Typically, the
clutch plates are connected in alternating fashion to two inde-
pendently rotatable elements. For example, plate 162A is
connected to one of housing 158 or an inner clutch carrier (not
shown) and plate 162B is connected to the other of the hous-
ing or inner carrier. In an example embodiment, housing 158
is a transmission housing and clutch pack 160 is for a trans-
mission brake. In an example embodiment, housing 158 is an
outer clutch housing and clutch pack 160 is for a transmission
clutch. Clamping the clutch pack enables torque to be trans-
mitted between the two independently rotatable elements
through the clutch plates, for example, between housing 158
and the inner carrier, or to stop rotation of a rotating element
through the clutch plates, for example, to connect the rotating
inner carrier with the stationary transmission housing. As
noted supra, to operate assembly 100, a pressure force is
applied to side 116 of the piston plate and to the portion of the
rotary pistons disposed on side 116 of the piston plate, for
example, ends 134. In FIGS. 8 through 10, this force is sup-
plied by fluid in chamber 168.

The position of assembly 100 in FIG. 9 is analogous to the
position of assembly 100 in FIG. 5. For example, the adjust-
ment ring is in the retracted position and is not in contact with
clutch pack 160. Seal 150 seals the piston plate against hous-
ing 158 and seal 152 seals the piston plate against shaft 166.

The position of assembly 100 in FIG. 10 is analogous to the
position of assembly 100 in FIG. 7. For example, the adjust-
ment ring is in the extended position and is in contact with
clutch pack 160. In one embodiment, assembly 100 includes
retaining element 170, for example a spring, which exerts
force on the piston plate in direction AD1. As noted supra, for
force on side 116 of piston plate 102 below a first level, the
rotary pistons displace while the piston plate remains fixed. In
FIGS. 8 through 10, element 170 provides a force about equal
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to the first level to counteract the force from chamber 168 and
to hold the piston plate in place. Stated otherwise, element
170 is preloaded with a force about equal to the first level.
When the adjustment ring contacts the clutch pack, equilib-
rium is reached between the force on the rotary pistons and
the adjustment ring and the compression force for the clutch
pack. When the fluid pressure in chamber 168 is increased
such that the force on the piston plate increases beyond the
first level noted above, that is, the force from the fluid in
chamber 168 is greater than the preloading force from ele-
ment 170, the piston displaces in direction AD2 to clamp the
clutch plates.

FIG. 11 is a pressure versus travel diagram for piston plate
102 in the clutch shown in FIGS. 9 and 10. As noted supra, at
the beginning of line 172, the adjustment ring has already
been advanced to contact the clutch pack, As pressure in
chamber 168 is increased, the piston plate overcomes the
preload on element 170 and begins to clamp the clutch pack,
Line 172 represents the travel, or axial displacement, of pis-
ton plate 102 to clamp clutch pack 160. Line 174 shows the
axial displacement of a prior art piston plate for a transmis-
sion, for example, as shown in FIG. 12. The prior art piston
plate must advance 2.0 mm to contact the clutch pack at which
point the prior art piston plate can further advance to clamp a
clutch pack. Advantageously, as seen in FIG. 11, the travel for
clutch plate 102 is much less than the travel for the prior art
clutch plate (1.0 mm versus 3.0 mm in this example).

Assembly 100 provides at least the following advantages:

1. The total oil required to clamp a clutch pack can be
greatly reduced, since the travel of the piston plate is so
greatly reduced. For example, in FI1G. 11, the amount of
oil is reduced by more than 50%.

2. The total work done on the piston plate to clamp the
clutch packis reduced by 25%. This is because the piston
plate, with its greater surface area, is not used to close the
relatively large lift-off gap. Instead, pistons 106, with
dramatically smaller surface areas, and the adjustment
ring are used to fill the gap between the assembly and the
clutch pack. This enables a smaller transmission pump
to be used, which further improves fuel economy.

3. Shift time is reduced since the rotary pistons can be
advanced in less time than the main piston because less
fluid pressure is needed to advance the pistons. Also, the
shift time is reduced since no control algorithm, such as
a touch point “feeling” routine, is needed.

4. Lift-off gap can be increased due to the reduction in shift
time. An increase in lift-off gap typically increases shift
time, but this increase in shift time due to the gap is
compensated by the shift time reduction noted above. An
increase in lift-off gap results in lower drag torque (for
example, from a typical 3 Nm to 1 Nm) and better fuel
economy.

5. No tolerance correcting measures are needed for the
clutch pack since the gap filling mechanism fill to a
predefined load regardless of gap. That is, pistons 106
automatically displace as needed such that the adjust-
ment ring contacts the clutch pack. This reduces fabri-
cation cost and complexity.

Although clutch control assembly 100 has been shown
with a particular configuration of components, it should be
understood that clutch control assembly 100 is not limited to
the particular configuration of components shown and that
other configurations of components are possible.

It will be appreciated that various of the above-disclosed
and other features and functions, or alternatives thereof, may
be desirably combined into many other different systems or
applications. Various presently unforeseen or unanticipated
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alternatives, modifications, variations, or improvements
therein may be subsequently made by those skilled in the art
which are also intended to be encompassed by the following
claims.

I claim:

1. A clutch control assembly for a transmission, compris-
ing:

a piston plate including:

a first side having a first circumferentially aligned and
axially extending ramp; and,
a second side;

an adjustment ring in contact with the first ramp; and,

arotary piston with a first end engaged with the adjustment

ring, wherein in response to a first force applied to the
second side and to the rotary piston, the rotary piston is
displaceable to urge the adjustment ring in a first circum-
ferential direction along the first ramp such that the
adjustment ring displaces in a first axial direction away
from the piston plate.

2. The clutch control assembly of claim 1 wherein the
adjustment ring includes a second circumferentially disposed
and axially extending ramp in contact with the first circum-
ferentially aligned and axially extending ramp.

3. The clutch control assembly of claim 1 wherein the
adjustment ring is displaceable to contact a clutch pack for the
transmission.

4. The clutch control assembly of claim 1 wherein:

the piston plate is in an axial position; and,

in response to the first force the piston plate remains in the

axial position.

5. The clutch control assembly of claim 1 wherein in
response to second force, greater than the first force, applied
to the second side, the piston plate is displaceable in the first
axial direction such that the adjustment ring clamps a clutch
pack for the transmission.

6. The clutch control assembly of claim 1 wherein the
rotary piston passes through an opening in the piston plate.

7. The clutch control assembly of claim 1 further compris-
ing a spring, wherein:

the rotary piston passes through an opening in the piston

plate;

the spring is disposed about an outer circumference of the

rotary piston; and,

the spring urges the adjustment plate in a second circum-

ferential direction, opposite the first circumferential
direction, such that the adjustment plate displaces in a
second axial direction, opposite the first axial direction.

8. The clutch control assembly of claim 7 wherein:

the rotary piston includes a second end with a protrusion;

the spring includes a first end engaged with the second side

of' the piston plate; and,

the spring includes a second end, opposite the first end,

engaged with the protrusion.

9. A clutch control assembly for a transmission, compris-
ing:

a piston plate; and,

an adjustment ring in contact with the piston plate,

wherein:

in response to a first force on the piston plate, the adjust-
ment ring is displaceable in a circumferential direc-
tion and a first axial direction to contact a clutch pack
for the transmission while the piston plate remains in
a fixed axial position; and,

in response to a second force, greater than the first force,
on the piston plate, the piston plate is displaceable in
the first axial direction such that the adjustment ring
clamps the clutch pack.
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10. The clutch control assembly of claim 9 further com-
prising a plurality of rotary pistons with respective first ends
fixed to the adjustment ring, wherein:

the piston plate includes:

a first radially disposed side having a first plurality of
circumferentially aligned and axially extending
ramps; and,

a second side;

the adjustment ring is in contact with the first plurality of
ramps; and,

in response to the first force, the plurality of rotary pistons
is displaceable to urge the adjustment ring in a circum-
ferential direction along the first plurality of ramps such
that the adjustment ring displaces in the first axial direc-
tion.

11. The clutch control assembly of claim 10 wherein the
adjustment ring includes a second plurality of circumferen-
tially aligned and axially extending ramps in contact with the
first plurality of circumferentially aligned and axially extend-
ing ramps.

12. The clutch control assembly of claim 10 wherein the
plurality of rotary pistons passes through respective openings
in the piston plate.

13. The clutch control assembly of claim 9 further com-
prising:

a plurality of rotary pistons with respective first ends fixed

to the adjustment ring; and,

a plurality of springs, wherein:
the plurality of rotary pistons passes through respective

openings in the piston plate;

each spring from the plurality of springs is disposed
about an outer circumference of a respective rotary
piston from the plurality of rotary pistons; and,

the plurality of springs urges the adjustment plate in a
circumferential direction such that the adjustment
plate displaces in a second axial direction, opposite
the first axial direction.

14. The clutch control assembly of claim 13 wherein:

the plurality of rotary pistons includes respective second
ends with respective protrusions; and,

the plurality of springs includes:
respective first ends engaged with a second radially dis-

posed side of the piston plate; and,

respective second ends, opposite the respective first end,
engaged with the respective protrusions.

15. A clutch control assembly for a transmission, compris-
ing:

a piston plate including:

a first side having a plurality of circumferentially
aligned and axially extending ramps; and,

a second side;

an adjustment ring in contact with the plurality of ramps;

a plurality of rotary pistons passing through respective
openings in the piston plate and with respective first ends
fixed to the adjustment ring; and,

a plurality of springs disposed about respective outer cir-
cumferences of the plurality of rotary pistons and
engaged with the second side of the piston plate and the
plurality of rotary pistons, wherein:
the plurality of springs urges the adjustment plate in a

first circumferential direction along the plurality of
ramps such that the adjustment plate displaces in a
first axial direction toward the piston plate;

in response to a first force applied to the second side and
the plurality of rotary pistons, the plurality of rotary
pistons is displaceable to urge the adjustment ring in a
second circumferential direction, opposite the first
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circumferential direction, along the plurality of ramps
such that the adjustment ring displaces in a second
axial direction, opposite the first axial direction, to
contact a clutch pack for the transmission; and,
in response to a second fluid force, greater than the first 5

fluid force, applied to the second radially disposed
side, the piston plate is displaceable in the second
axial direction such that the adjustment ring clamps
the clutch pack for the transmission.
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