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CLUTCHED DAMPER FOR A BELT
TENSIONER

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATION

This application 1s a divisional of application Ser. No.
12/265,268 filed Nov. 5, 2008.

TECHNICAL FIELD

The present mvention relates generally to tensioners and
more particularly to an asymmetrically damped tensioner
utilizing a ramp-ramp clutch assembly operatively engaged
with the tensioner arm.

BACKGROUND

It 1s common for a belt tensioner to have a means to dampen
movement of the tensioner arm caused by belt tension fluc-
tuation. The required magnitude of this damping depends on
many drnive factors including geometry, accessory loads,
accessory inertia, engine duty cycle and others. For instance,
drive systems that have higher torsional input or certain tran-
sient dynamic conditions may require higher damping to
suificiently control tensioner movement. Although higher
damping is very effective at controlling arm movement, it can
also be detrimental to other critical tensioner functions (e.g.
slow or no response to slack belt conditions). In addition,
variation or change in damping that occur as a result of
manufacturing variation, operating temperature and compo-
nent break-in or wear can also cause the tensioner to be
unresponsive.

Timing belt systems have benefited from the use of asym-
metric damping to address this problem. An asymmetrically
damped tensioner provides damping when additional belt
tension 1s encountered but 1s free to respond to slack belt
conditions. Although asymmetric functionality may not be
required for all other front end accessory drive tensioners, the
potential for increased service life, solving other transient
dynamic system problems including belt slip during a 1-2
gear shift, or simply making the tensioner less sensitive to
damping variation make it a desirable design option.

One current solution to this problem uses a viscous linear
damper mechamsm, such as a shock absorber, attached to a
prvoting arm. Asymmetric damping 1s achieved through, for
example, check valves and different orifice sizes in the shock
absorber. This solution, however, tends to be expensive and
requires more packaging space than a conventional tensioner.
Other solutions use wedges that increase damper friction
during wind-up or spring loaded seli-energizing brake shoe
clements. These designs, however, tend to be complex with
many small parts to assemble.

One-way clutch mechamisms have been proposed, for
example 1n U.S. Pat. Nos. 4,583,962 and 6,422,962, for tim-
ing belt tensioners for the purpose of preventing or limiting
back travel to prevent tooth jump. These “ratcheting™ tension-
ers, however, lack the ability to relieve belt tension suili-
ciently when not required. Other timing belt tensioner pro-
posals including, for example, U.S. Pat. Nos. 4,832,665 and
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6,375,588, use a one-way device coupled to a viscous damper.
Although these devices offer good functionality, retention of
the viscous fluid throughout the service life can be difficult.
Yet another design disclosed 1n U.S. Patent App. Publication
2003/0008739 uses Iriction generated by the clamping action
of a wrap spring clutch to provide damping.

The alorementioned tensioner designs are not ideal.
Accordingly, a new tensioner design 1s desired.

SUMMARY

One aspect of the invention 1s a belt tensioner including a
ramp-ramp assembly. In one embodiment, the tensioner
includes a tensioner axle defining a pivot axis, an arm
mounted on the tensioner axle so as to permit the arm to pivot
about the p1vot axis, a first tensioner component having first
ramp features, a second tensioner component having second
ramp Ieatures, and a ramp bushing having an upper ramp
surface and a lower ramp surface. The first tensioner compo-
nent 1s engaged to the arm for rotation therewith and the
second tensioner component 1s coupled to the tensioner axle.
The ramp bushing 1s disposed between the first tensioner
component and the second tensioner component such that the
upper ramp surface seats within the first ramp features and the
lower ramp surtface seats within the second ramp features.

In another embodiment, the tensioner includes a tensioner
axle defining a pivot axis, an arm pivotable about the pivot
ax1s 1n a first direction and a second direction, a spring case
pivotable about the pivot axis and engaged to the arm for
rotation therewith, and an end cap coupled to the spring case.
The spring case includes first ramp features and the end cap
includes second ramp features. The tensioner includes a ramp
bushing disposed between the spring case and the end cap.
The ramp bushing has a spring case side having a first ramp
surface that seats within the first ramp features and an end cap
side having a second ramp surface that seats within the second
ramp features. The tensioner also includes a torsional spring
disposed within the spring case. The torsional spring 1is
coupled to the arm such that the spring winds up when the arm
pivots about the pivot axis 1n a first direction and unwinds
when the arm pivots about the pivot axis 1n a second direction
to provide asymmetric dampening.

In another embodiment, the tensioner includes a tensioner
axle defining a pivot axis, an arm mounted on the tensioner
axle so as to permit the arm to pivot about the pivot axis, and
a clutch assembly mounted at least partially to the tensioner
axle and coupled to the arm. The clutch assembly comprises
a first tensioner component having first ramp features, a sec-
ond tensioner component having second ramp features, a
flatwire spring having a first end and a second end, and a
damper bushing coupled to the first tensioner component. The
first tensioner component 1s engaged with the arm to rotate
therewith and the second tensioner component 1s coupled to
the tensioner axle. The first end of the flatwire spring 1s
coupled to the first tensioner component and the damper
bushing 1s positioned for frictional contact with the arm such
that when the arm experiences wind-up the spring case rotates
with the arm and moves up the second ramp features of the
second tensioner component which pushes the damper bush-
ing against the arm for frictional damping.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s an exploded perspective view of an embodiment
ol a tensioner including a ramp-ramp assembly.

FIG. 2 1s a side, cross-sectional view of the assembled
tensioner of FIG. 1.
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FIG. 3 1s a plan view, 1n section, along line 3-3 in FIG. 2.
FIG. 4 1s a rear cut away, perspective view of the ramp

bushing 1n FIG. 1.

FIGS. SA-5C are schematic views depicting the interface
between the first tensioner component, a ramp bushing, and a
second tensioner component according to one embodiment.

FIG. 6 1s a side, cross-sectional view of a second embodi-
ment of a tensioner having a ramp-ramp assembly.

FIGS. 7A and 7B are exploded perspective views of the
ramp-ramp assembly of the tensioner of FIG. 6.

DETAILED DESCRIPTION

The tensioner disclosed herein provides an asymmetric
frictional damper that will activate during a wind-up (i.e.
untensioning) to mitigate the deleterious effects of wind-up.
Wind-up results when increasing belt tension causes the belt
to lift the tensioner arm 1n a direction away from the belt. To
mitigate the negative effects of wind up, 1t 1s desirable to have
a frictional damper on the tensioner arm that will resist the
lifting of the tensioner arm from the belt without adversely
clfecting movement of the tensioner arm toward the belt. This
kind of frictional damping operating to resist lifting of the
tensioner arm only 1s generally known as asymmetric damp-
ng.

The tensioner disclosed herein achieves asymmetric damp-
ing in part by using a brake element, which may be referred to
herein as a ramp-ramp assembly. The ramp-ramp assembly
may be comprised of at least two tensioner components hav-
ing ramp features that interface with each other. The ramp-
ramp assembly may also include a ramp bushing.

At least one of the tensioner components having a ramp
feature 1s moveable such that one-way or asymmetric iric-
tional damping 1s provided to oppose the movement of the
tensioner arm when the arm begins to move away from the
belt. The moveable component enables the device to apply
progressively more frictional damping to counteract the lift-
ing of the tensioner arm from the belt the further the tensioner
arm 1s lifted. The ability to progressively increase frictional
damping relative to displacement of the tensioner arm enables
the device to provide greater frictional damping 1n response to
greater displacements of the tensioner arm away from the
belt. This creates a feedback loop to combat the deleterious
elfects of wind-up; the more the tensioner arm 1s driven away
from the tensioned belt, the more Irictional damping is
applied to stop the wind-up. The asymmetric damping may be
tailored such that 1t will not restrict all movement in the
wind-up direction thereby providing additional compliance
that 1s advantageous for some applications. Since the damp-
ing 1s asymmetric in nature by design, as the tensioner returns
to normal operation—whereby the tensioner arm returns back
to a tensioming contact with the belt—the amount of frictional
damping applied to the motion of the device 1n the tensioning
direction 1s less than that applied during wind-up.

Referring now to the embodiment shown 1n FIGS. 1 and 2,
the tensioner 10 includes an arm 1, a tensioner axle 12 defin-
ing a pivot axis 11, a first tensioner component S having a first
set of ramp features 9, a second tensioner component 4 having
a second set of ramp features 6, and a ramp bushing 3. The
tensioner axle 12 1s substantially coaxial with the pivot axis
11 and the arm 1 1s mounted on the tensioner axle 12 so as to
permit the arm 1 to pivot about the pivot axis 11.

The first tensioner component 3 may be coupled to the arm
1 to pivot therewith. Additionally, the first tensioner compo-
nent 5 may house a torsional spring 2, and thus may be a
spring case. Alternately, one skilled in the art will appreciate
that the first tensioner component may be any other compo-

10

15

20

25

30

35

40

45

50

55

60

65

4

nent of the tensioner that has a first set of ramp features and 1s
coupled to the arm 1 so that the component pivots when the
arm 1 pivots about the pivot axis 11. Referring to the embodi-
ment of FIG. 1, the second tensioner component 4 may be
coupled to the tensioner axle 12, and may be an end cap that
at least partially closes the tensioner. Alternately, one skilled
in the art will appreciate that the second tensioner component
4 1s not limited to the end cap, but may be any other compo-
nent of the tensioner having a second set of ramp features. The
ramp bushing 3, if present, may be disposed between the first
tensioner component 5 and the second tensioner component
4. The ramp bushing 3 includes an upper ramp surface 7 and
a lower ramp surface 8. The upper ramp surface 7 seats within
the first set of ramp features 9 on the first tensioner component
5. The lower ramp surface 8 seats within the second set of
ramp features 6 on the second tensioner component 4. The use
of the ramp bushing 3 1s advantageous in that 1t provides a
lower coellicient of Iriction between the ramp features 6 and
9 and can prevent the ramp features 6 and 9 from wearing
grooves 1nto one another. The bushing also provides a more
stable coellicient of friction between the two surfaces thereby
maintaining a more consistent asymmetry ratio throughout
the life of the tensioner.

The arm 1 may be mounted over the tensioner axle 12 so as
to pivot about axis 11. The distal end of the arm 1, opposite the
prvot axis 11, may be configured to receive a belt-contacting
pulley 22. The pulley may be mounted on the distal end of the
tensioner arm 1 by a bolt 23 or other fastener known to one of
skill in the art and may include a cover 24. The torsional
spring 2 exerts a force on the arm 1 to bias the pulley 22 1n the
direction A to tension a belt. Wind-up of the tensioner 1n the
opposite direction B 1s resisted by bias of the torsional spring
2 augmented by the asymmetric frictional damping mecha-
nism. The asymmetric frictional damping does not substan-
tially impede movement of the arm in direction A while
substantially limiting movement of the arm 1n direction B
through the application of progressively greater frictional
damping as the tensioner arm 1s further displaced.

The second tensioner component 4, which may be an end
cap provides means for affixing the tensioner to an engine or
device. Multiple methods of allixing a tensioner relative to a
belt to be tensioned are well known 1n the art including, but
not limited to, the use of welds, bolts, screws, and locking
structures. Alternatively, the tensioner may be amounted to
the engine or device on the opposite side of the tensioner arm
from the end cap using an axle passing through the tensioner
along the pivot axis. Regardless of the method of mounting
the device to the engine or device, the approaches taken to
create the asymmetric forces to combat wind-up are substan-
tially unchanged.

Referring to the embodiment shown in FIGS, 1 and 2, the
tensioner axle 12 provides a bearing surface that enables both
rotational and translational movement of components 1n the
tensioner 10. Translational motion 1s substantially parallel to
and along the p1vot axis 11. The ramp features 6 of the second
tensioner component 4 are formed on 1ts interior surface
facing the tensioner arm and are arrayed substantially circum-
ferentially around the tensioner axle 12.

The second tensioner component 4, imncluding the ramp
features 6, tensioner axle 12 and other elements can be fab-
ricated as a single unit using a variety of techniques including
forging, casting, die-casting, sintering, or machining or fab-
ricated in different components and then joined together
using a variety ol methods such as sintering, welding, bond-
ing, bolting, and even interference fits. In an alternative
embodiment, for example, the ramp features 6 can be formed
as a separate plate that may be integrated with the second
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tensioner component 4. By fabricating the individual ele-
ments as separate components it may be easier to provide
specific surface or heat treatments or coatings to a component
separate from the entire integrated unat.

Still referring to the embodiment in FI1G, 1, the tensioner 10
includes aramp bushing 3 having an upper ramp surface 7 and
a lower ramp surface 8 opposite the first side. The ramp
bushing 3 1s both rotatable about and translatable along the
prvot axis 11 within the tensioner 10. The ramp bushing 3
interfaces with the second tensioner component 4 via the
lower ramp surface 8 of the ramp bushing 3 which seats
within the ramp features 6 of the second tensioner component
4. The lower ramp surface 8 has the opposite feature profile of
the upper ramp surface 7 which mterfaces with the ramp
teatures 9 located on the tensioner component 5.

The tensioner component 5 houses a torsional spring 2 or
other components of the tensioner. The torsional spring 2 may
be a coil spring, a round wire spring, a flatwire spring, or other
spring types known to one of skill in the art. As shown 1n
FIGS. 1 and 3, an outer tang 14 of torsional spring 2 engages
the tensioner component 3 at a first spring engagement point
17a. The first spring engagement point 17a may be sized to
suitably accept both the spring tang 14 and a plug 26, which
may be deformable. An inner tang 13 of spring 2 engages the
tensioner arm 1 at a second spring engagement point 17b
along the arm arbor 16.

The spring 2 provides a torsional force to bias the tensioner
arm 1 1nto the belt being tensioned to tension the belt during
normal operations. The spring 2 also provides an opposing
torsional force to urge the ramp bushing 3 to rotate in the
opposite direction from the tensioner arm 1. The force
imposed on the first tensioner component 5 by the spring 2
causes the first tensioner component 5 to move up the ramp
teatures of erther the ramp bushing 3 or the second tensioner
component 4 an equilibrium state 1s reached.

If the torsional spring 2 1s a tlatwire spring, spring tape 21
may be positioned between the coils of the flatwire spring as
shown 1n FIGS. 1-3. The spring tape 21 may be coiled in a
juxtaposed position with the flatwire spring 2, such that the
spring tape 21 1s between the coils of the flatwire spring and
may also be between the tlatwire spring 2 and the interior
walls of the tensioner component that houses the spring. The
use of spring tape 21 reduces Irictional wear of the spring or
other negative effects of friction such that spring collapse 1s
reduced.

The tensioner 10, as shown 1 FIGS. 1 and 2, may also
include a damper bushing 18, and a pivot bushing 15. The
pivot bushing 15 1s a substantially cylindrical structure that 1s
inserted into the arm arbor 16 of the tensioner arm 1 that 1s
substantially aligned with the pivot axis 11. The pivot bushing
15 provides a bearing surface for the rotation and translation
of elements of the tensioner 10 along and about the pivot axis
11. The damper bushing 18 may act as a cover for the ten-
sioner component 5 to dampen sound and/or vibration and to
contain the spring 2 within the tensioner component 5 when 1t
houses the spring 2. The tensioner 10 may also include an arm
plate bushing 19 and an arm plate 20 connected to the ten-
sioner arm 1. An end nut, bolt, or fastener may hold the
tensioner 10 together along the pivot axis when assembled as
shown 1n FIG. 2. The end nut bolt or fastener may also attach
or allix the tensioner 10 to an engine or device as discussed
above.

The tensioner 10, as shown 1n FIG. 1, may include a tab and
notch for assembling the second tensioner component 4 and
the first tensioner component 5. The second tensioner com-
ponent 4, as shown 1n this embodiment, includes anotch 27 in
its periphery and the first tensioner component 5 includes a
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tab 28 that extends toward the second tensioner component 4
and 1s recervable 1n notch 27. The notch 27 1s larger than tab
28 such that the notch 27 does not act as a stop to mhibit
rotational motion of the arm during wind-up. In other words,
notch 27 1s large enough to provide the amount of rotational
motion of the tensioner arm 1 pre-selected to reach the maxi-
mum amount of frictional damping the tensioner 1s to pro-
vide. Alternately, however, the notch 27 may act as a stop in
the direction opposite of the wind-up 11 the belt breaks. 11 the
belt breaks, the notch 27 would stop the first tensioner com-
ponent 5 once 1t moved back down the ramp and would keep
the first tensioner component 5 from moving up the adjacent
ramp up 1n the direction opposite of the wind-up.

Referring now to FIG. 4, the upper ramp surface 7 of the
ramp bushing 3 has ramp features arranged 1n a substantially
circular array around the p1vot axis 11. The ramp features 6 of
the second tensioner component 4, the tensioner component
5, and the lower ramp surface 8 of the ramp bushing 3 may
also be arranged similarly. The upper ramp surface 7 and
ramp features 9 of the tensioner component 3 are designed to
be 1n contact during normal operation of the tensioner 10.
Likewise, the lower ramp surface 8 and the ramp features 6 of
the second tensioner component 4 are designed to be 1n con-
tact during normal operation of the tensioner 10. The ramp
teatures depicted 1n FIG. 4 show a substantially symmetric
pattern whereby each discrete repeating ramp element has
substantially the same pattern up and down. The ramp fea-
tures may vary in the radial direction from the pivot axis in
order to maintain a constant interface with the mating surface
and modulate specific properties of the damper during opera-
tion. Although the upper ramp surface 7 of the ramp bushing
3 shows a symmetrical repeating pattern, the ramp features
can have a unique or alternatively an asymmetric pattern to
achieve specific operational characteristics. The general
structure of an arbitrary section of ramp features on both the
upper and lower ramp surfaces 7, 8 of the ramp bushing 3, the
second tensioner component 4, and the tensioner component
5 can be broken into four repeating elements. These elements
are lower dwell 30, ramp-up 32, upper dwell 31, and ramp-
down 33, as shown 1n FIG. 4.

A schematic detail view of the ramp bushing 3 positioned
between the first tensioner component 5 and the second ten-
sioner component 4 1s shown 1n FIG. SA as contact region 34.
The lower dwell 30, ramp-up 32, upper dwell 31, and ramp-
down 33 are shown for the second tensioner component 4 1n
FIG. 5B and for the ramp bushing 1n FIG. 5C. Although the
contact region 34 shown in FIG. SA details a set of straight-
line features, two 1important points must be recognized. First,
in the radial direction away from the axis of rotation of the
device, the actual ramp profiles may vary significantly along
this reference line 1n order to minimize relative slipping,
reduce Iriction, provide balanced loading, and achieve other
objectives. An example of one embodiment of this approach
can be seen 1n the 1sometric profile shown 1n FIG. 4 where the
same lower dwell 30, ramp-up 32, upper dwell 31, and ramp-
down 33 surface features are depicted. Second, although the
profiles shown 1n FIGS. SA-5C are straight lines, the device
can use any number of alternative profiles for the ramps
including multi-faceted or curvilinear forms. For example,
the upper and lower dwells 31 and 30 respectively could be
merely fillets or radius connecting the upward and downward
ramps, similar to the embodiment shown 1n FIG. 4.

Alternatively the dwells 30, 31 and ramps 32, 33 could be
constructed 1n such a way as to provide a detent or delay 1n
switching between normal operation and the asymmetric
damping needed during a wind-up situation. The shape of the
ramp features (up and down and dwells) may be selected from
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a wide variety of profiles with a wide range of rectilinear and
curvilinear shapes. The ramp features may be repeated at any
arbitrary interval over the length of the ramp feature or be
unique with no repeating pattern whatsoever. Although the
embodiment depicted here has a symmetric repeating profile,
where each edge of a specific ramp feature has equivalent
features on each side, 1t 1s also possible to use an asymmetric
profile. The asymmetric profile can at the extreme resemble a
saw-tooth configuration, where the areas of the ramp features
not i contact are typified by a sharp drop rather then a gradual
ramp-down. The number of ramp features, as defined as a
single unit may be selected from a wide range of possible
alternative arrangements. Preferably the number of ramp fea-
ture units 1s equal to or more than four. More preferably the
number of ramp features 1s equal to or more than six. Most
preferably the number of ramp features 1s equal to or greater
than eight.

Referring to FIGS. SA-5C, a contact region 34 1s shown
between the second tensioner component 4 having ramp fea-
tures 6 and the first tensioner component 3 having ramp
teatures 9. The contact region 34, as shown, also 1includes a
ramp bushing 3 having an upper ramp surface 7 and a lower
ramp surface 8 positioned between the first tensioner compo-
nent 5 and the second tensioner component 4. FIG. SA shows
the first tensioner component 5 seated 1n a down-ramp posi-
tion 36. During a wind-up condition (1.e., the tensioner arm 1s
moving away irom the belt), the rotation of the tensioner arm
provides a torsional force that can move the tensioner com-
ponents 4, 3 relative to one another such that one component
moves up the ramp-up 32 of the other. The movement of a
component up a ramp creates a normal force that moves a
component of the tensioner 10 against the arm 1 to apply
frictional damping to the arm 1 such that the arm 1 can resist
being moved away from the belt. FIG. 3B shows the first
tensioner component 5 and the ramp bushing 3 having moved
rotatably 1n response to a torsional force (F,) where F . 1s
equal to the friction torque applied from the damper bushing
18 by the rotation of the tensioner arm 1 nto an up-ramp
position 38. Alternately, as shown 1n FIG. 5C the first ten-
sioner component 3 may move rotatably 1n response to a
torsional force (F,) applied by the rotation of the tensioner
arm 1nto an up-ramp position 39 while the ramp bushing 3
remains seated against the ramp features 6 of the second
tensioner component 4. Then from either of the up-ramp
positions 38 or 39 the first tensioner component 5 may move
back to the down-ramp position once the torsional force (F )
dissipates enough to allow the spring torque to move the first
component down ramp-up 32.

When the first tensioner component 5 1s in either of the
up-ramp positions 38 or 39 there 1s a translational movement
of the first tensioner component 5 relative to the pivot axis,
which will increase the normal force applied against the ten-
sioner arm 1 for frictional damping by pressing the first ten-
sioner component 5 itself or a damper bushing 18 coupled to
the first tensioner component 5 against the tensioner arm 1.
When the wind-up condition dissipates, the torque on the arm
1 1s reduced and the arm 1 no longer moves away from the
belt. The torsional spring 2 can now apply a force to the arm
to move the arm into the belt and back toward 1ts normal
operating condition thereagainst. As the arm moves back
toward 1ts normal operating condition, the torque on the tor-
s1onal spring 2 1s reduced which reduces the torque on the first
tensioner component 3 such that the first tensioner compo-
nent 5 will move back down the ramp-up 32 to a down-ramp
position 36, as shown 1n FIG. 5A, to restore the torsional
spring 2 to its pre-wind up state. When the first tensioner
component 5 moves down the ramp-up, the normal force 1s

10

15

20

25

30

35

40

45

50

55

60

65

8

reduced and ultimately the frictional force on the arm 1 1s
reduced and achieves the desired asymmetric damping.

The magnitude of tension provided by the tensioner arm 1
against the belt during normal operation 1s predominantly
controlled by the torsional spring 2 which 1s dictated by the
amount of pre-loading, spring constant, and other well-con-
trolled characteristics of torsional springs know to those of
ordinary skill 1n the art. The spring constant of the torsional
spring 2 1s controlled 1n order to create the rotational force
experienced by the first tensioner component 5 during both
normal operation and during the wind-up condition. The use
of a flatwire spring 2 1n the tensioner 10, as shown 1n FIG. 1,
1s advantageous because the tlatwire spring has a lower torque
per degree of rotation and less degrees of variation than a
round wire spring. A flatwire spring also has less resonance
issues than a round wire spring and the use of spring tape
between the spring’s coils can further reduce noise. Addition-
ally, the tlatwire spring reduces the tensioner’s 10 axial height
(H) for the clutch assembly 25, FIG. 2, (minimally the second
tensioner component 4, first tensioner component 5, the tor-
sional spring 2, and the damper bushing 18 and optionally
including the ramp bushing 3 and pivot bushung 15), which
can be advantageous in installing the tensioner in various
motor configurations. While the flatwire spring provides
reduced axial height (H), the width (W) of the clutch assem-
bly may be increased, which actually provides an advantage
in that the damper bushing which applies the frictional damp-
ing against the arm will have a larger surface area allowing for
decreased pressure against the arm to produce the friction
force resulting in less wear on the arm and the damper bush-
ing and reduced change of the arm and damper bushing “lock-
g’ up.

The operation of the tensioner 10 and the rate or profile of
asymmetric damping can be modulated by controlling several
teatures of the tensioner using techniques known to those of
ordinary skill in the art. The upper and lower ramp surfaces 7,
8 of the ramp bushing 3, the ramp features 9 of the tensioner
component 5, and/or the ramp features 6 of the second ten-
sioner component 4 may be modulated to vary the amount of
frictional force generated due to application of a specific
normal force. These components may be modulated by
changing the characteristics of the ramp features, such as the
profile, size, number, structure, and relative friction thereof,
on at least one of the components having ramp features. The
ramp features can have a variety of different profiles and
shapes 1n order to modily the operation of the device and
translate the rotational movement of the first tensioner com-
ponent 5 mto an axial movement of the damper bushing 18
into the tensioner arm 1. Additionally, the frictional proper-
ties of the interface between the ramp bushing 3 and the first
tensioner component 3 and the second tensioner component 4
may be modulated. There are a number of different methods
for adjusting the friction properties of surfaces including
specific surface treatments and finishes, structures, and even
material selection.

The ramp features may be coated or otherwise treated 1n
order to mimmize the ramp feature to ramp feature interface
friction. Specific methods of achieving this goal can include
coating the surface with a number of different materials
including metallic, ceramic, and or plastic materials, includ-
ing, but not limited to brass, aluminum, o1l 1mpregnated
bronze, silicon nitride, Teflon® (polytetratluoroethylene—
PTFE), ultra high molecular weight polyethylene (UH-
MWP), or high density polyethylene. These materials may
either form the entire ramp feature as one unit or be applied to
a substrate or structural materials in order to achieve specific
load bearing and friction characteristics.
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FIGS. 6 and 7A-7B depict another embodiment of a ten-
sioner, generally designated 100, with asymmetric damping
that may be adapted to support an 1dler pulley 22 shown in
FI1G, 1. The tensioner 100 includes a tensioner arm 102 that
defines a cup 104 and an arm arbor 106 and 1s pivotable about
a prvot axis 111, a spring case 140 having a spring case arbor
141 for connecting the spring case 140 to the arm 102, and a
main spring 142 between the arm 102 and the spring case 140
such that the spring case houses the main spring. The main
spring may be a torsional spring such as a coil spring, round-
wire spring, a flatwire spring, or any other type of spring
known to one of skill in the art to provide spring torque to the
arm 102 to tension a belt. The main spring 142 may have a first
and a second spring tang. The first spring tang may connect
the main spring 142 to the arm arbor 106 and the second tang
may connection the main spring 142 to the spring case 140.
These connections may be similar to the connections shown
in FIGS. 7A and 7B for the damper spring 114 or any other
connection known to one of skill in the art. The tensioner 100
may also include a pivot bushing 144 that fits between the arm
arbor 106 and the spring case arbor 141 and a spring bushing
146 positioned where the outer edge of the spring case 140
meets the arm 102 to reduce friction therebetween and facili-
tate the rotation of the arm relative to the spring case.

The tensioner 100 also includes a ramp-ramp assembly 101
that may be received in the cup 104. The cup 104 of the arm
102 may be recessed into the arm enough to accept at least
part of the ramp-ramp assembly 101 and 1s shaped and sized
so the ramp-ramp assembly 101 1s freely rotatable within the
cup 104 and about the tensioner axle 108. The ramp-ramp
assembly 101 may include a damper bushing 110, a ramp hub
112, adamper spring 114, aramp bushing 116, and an end cap
118.

The damper bushing 110 may be substantially an outward
flared cone shape with an at least partially flat bottom that
includes one or more tabs 128, shown 1n FIG. 7A, for mating
the damper bushing 110 to the ramp hub 112. The ramp hub
112 may likewise have substantially outward flared cone
shaped sides or a substantially cylindrical shaped sides that
allow the ramp hub 112 to fit within the cone shape of the
damper bushing 110. The ramp hub 112 may include hub
ramp features 113, a first tang receptor 124, and one or more
notches 130 spaced to recerve the one or more tabs 128 of the
damper bushing 110. The hub ramp features 113 may be
similar to those described above 1n detail. One of skill in the
art will appreciate that numerous ways of mating the damper
bushing 110 to the ramp hub 112 are known besides a tab and
notch arrangement. The exterior of the damper bushing 110
may form a friction interface with the inside of the cup 104 of
the tensioner arm 102. The damper bushing 110 and the cup
104 can adopt a number of different forms including, as
shown, a cup and cone shape or alternately a more cylindrical
shape, ball and socket shape, or the like. The friction interface
between the damper bushing 110 and the cup 104 rotatably
links the movement of the ramp hub 112 through its connec-
tion to the damper bushing 110 to the rotation of the tensioner
arm 102 such that rotation of the arm rotates the ramp hub 112
in the same direction about the pivot axis 111.

The ramp hub 112 may be adapted to recerve the damper
spring 114 therein and as such acts as a damper spring case.
The damper spring 114 may be a torsional spring such as a
coil spring, roundwire spring, a tlatwire spring, or any other
type of torsional spring known to one of skill in the art. The
damper spring 114 may have a first tang 120 and a second tang
122. The first tang 120 may be received 1n a {irst tang receptor
124 of the ramp hub 112. The second tang 122 may be

received 1n a second tang receptor 126 located 1n the end cap
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118. The end cap 118 may also include end cap ramp features
119 for mating with the hub ramp features 113. The end cap
ramp features 119 may be similar to those described 1n detail
above.

The ramp-ramp assembly 101 may include a ramp bushing
116. The ramp bushing 116 may have a hub side having a hub
ramp surface 132 and a cap side having a cap ramp surface
134. The ramp bushing 116 may be disposed between the
ramp hub 112 and the end cap 118 and may be 1n direct
contact therewith. When the ramp bushing 116 1s so disposed,
the hub ramp surface 132 mates with the hub ramp features
113 and the cap ramp surface 134 mates with the cap ramp
teatures 119. The ramp bushing 116 may be both rotatable
about and translatable up and down the pivot axis 111.

The end cap 118 may be substantially fixed to the tensioner
axle 108 such that 1t does not substantially translate or rotate
along or about the pivot axis 111. The end cap 119 may be
fastened to the spring case arbor 141 such as by riveting,
welding, bolting, adhering, or other fastening techniques
known to one of skill in the art as explained above.

During normal tensioning, when a belt presses against a
pulley attached to the tensioner arm 102, the arm will rotate
about the pivot axis 111 thereby winding the main torsional
spring 142. The main torsional spring 142 upon winding will
apply spring torque against the arm 102 to move, hold, or
press the arm and pulley against the belt. When the arm 102
rotates about the pivot axis 111 winding the main torsional
spring 142, the frictional contact between the arm 102 and the
damper bushing 110 causes the damper bushing and the ramp
hub 112 connected thereto to rotate, which un-winds the
damper spring 114. The wound damper spring 114 provides
spring torque against the ramp hub 112 and damper bushing
110 urging the ramp hub 112 in the opposite direction as the
main spring 142 thereby increasing damping, or arm resis-
tance 1n one direction against the belt.

During belt tensioning when no rotation of the tensioner
arm has occurred, the ramp features of the ramp hub 112, of
the ramp bushing 116, and of the end cap 118 are seated 1n a
down-ramp position relative to one another so the distance
between the ramp hub 112 and the end cap 118 1s minimized
and likewise the Irictional damping between the damper
bushing 110 and the tensioner arm 102 1s minimized because
the damper bushing 110 1s not pushing against the tensioner
arm 102 with as much force (i.e., the Normal force applied to
the arm 1s reduced).

When the tensioner arm 102 1s pushed away from the belt
(wind-up), the movement of the tensioner arm 102 rotates the
damper bushmg 110 and the ramp hub 112 and unwinds the
damper spring 114. The rotation of the ramp hub 112 causes
the ramp hub’s ramp features 113 to move up the hub ramp
surface 132 of the ramp bushing 116 or to move with the ramp
bushing 116 up the ramp features 119 of the end cap 118. This
may be called an up-ramp position. The movement of the
ramp hub 112 up the ramp moves the ramp hub 112 and the
damper bushing 110 translationally 1n relation to the pivot
axis 111 and maximizes the distance between the ramp hub
112 and the end cap 118. The translational movement of the
ramp hub 112 pushes the damper bushing 110 against the
tensioner arm 102 (i.e., increasing the Normal force) for
frictional damping. The movement of the ramp hub 112 up the
ramp 1s partially dictated by the severity of the wind-up con-
dition, the configuration of the ramp features 113 and 119 and
the hub ramp surface 132 and the cap ramp surface 134, and
the characteristics of the torsional spring 114. The character-
istics of these components may be pre-selected to achieve
desired asymmetric damping profiles relative to the wind-up
conditions encountered, 1.e. the profile and characteristics of
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the ramp features 113, 119 and of the hub and cap ramp
surfaces 132, 134 of the ramp bushing 116, and the friction
interfaces between the various components, using techniques
as described above.

After the wind-up condition dissipates the torque, the
damper spring 114 provides a spring torque to the damper
bushing 110 and ramp hub 112 that moves the ramp hub 112
relative to the end cap 118 back into the down-ramp position.
When the ramp hub 112 moves down the ramp, the distance
between the ramp hub 112 and the end cap 118 1s again
mimmized or reduced. This movement reduces the force
pressing the damper bushing 110 against the tensioner arm
102, which reduces the normal force applied to the friction
interface therebetween to reduce the frictional damping. This
second embodiment will have the same advantages as the first
embodiment 1n relation to using a ramp bushing and a flatwire
spring as shown i FIGS. 6 and 7A-7B.

The embodiments of this invention shown 1n the drawing
and described above are exemplary of numerous embodi-
ments that may be made within the scope of the appended
claims. It 1s contemplated that numerous other configurations
of the tensioner assemblies may be created taking advantage
of the disclosed approach. In short, 1t 1s the applicant’s 1nten-
tion that the scope of the patent 1ssuing herefrom will be
limited only by the scope of the appended claims.

What 1s claimed 1s:

1. A tensioner comprising;:

a support structure having a tensioner axle that defines a

p1vot axis;

an arm coupled to the support structure so as to permit the

arm to pivot about the tensioner axle, the arm having a

lower surface that faces the support structure and an

upper surface that 1in part defines a cup;

a damping mechanism at least partially seated 1n the cup of

the arm, the damping mechanism comprising:

a first tensioner component being cup-shaped having
first ramp features on the rim thereof, the first ten-
sioner component engaged to the arm for rotation
therewith:

a second tensioner component having second ramp fea-
tures, the second tensioner component being non-
rotatable about the pivot axis; and

a damper spring coupling the first tensioner component
to the second tensioner component;

wherein the first ramp features are aligned with the sec-
ond ramp features and rotation of the first tensioner
component 1n a first direction moves the first ramp
features relative to the second ramp features such that
the first tensioner component translates mto a damp-
ing engagement with the arm.

2. The tensioner of claim 1 wherein the damper spring has
an mner tang and an outer tang, wherein the outer tang is
coupled to the first tensioner component and the inner tang 1s
coupled to the second tensioner component.

3. The tensioner of claim 2 wherein the damper spring 1s a
flatwire spring.

4. The tensioner of claim 1 further comprising a damper
bushing positioned between the first tensioner component
and the cup of the arm, wherein the damper bushing 1s mated
to the first tensioner component for rotation and translation
therewith and 1s 1n frictional engagement with the cup.

5. The tensioner of claim 1 further comprising a torsional
spring coupling the arm to the support structure.

6. The tensioner of claim 5 wherein the torsional spring 1s
a flatwire spring.

7. The tensioner of claim 5 wherein the support structure 1s
a spring case that houses the torsional spring.
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8. The tensioner of claim 1 wherein the first ramp features
and the second ramp features have geometries pre-selected to
provide a desired change in frictional damping 1n response to
the arm pivoting about the pivot axis.

9. The tensioner of claim 1 wherein the second tensioner
component 1s an end cap enclosing the damping mechanism
within the cup of the arm.

10. The tensioner of claim 1 further comprising a ramp
bushing having an upper ramp surface and a lower ramp
surface, the ramp bushing being disposed between the first
tensioner component and the second tensioner component
such that the upper ramp surface seats against the first ramp
features and the lower ramp surface seats against the second
ramp features.

11. The tensioner of claim 10 wherein the ramp bushing 1s
translatable along the pivot axis and rotatable about the pivot
axis.

12. A tensioner comprising:

a support structure having a tensioner axle that defines a

p1vot axis;

an arm coupled to the support structure so as to permit the
arm to pivot about the tensioner axle, the arm having a
lower surface that faces the support structure and an
upper surface [that in part defines a cup] opposite
thereof.

a damping mechanism [at least partially] seated [in the
cup] on the upper surface of the arm, the damping
mechanism comprising:

a first tensioner component having first ramp features,
the first tensioner component engaged to the arm for
rotation therewith;

a second tensioner component having second ramp fea-
tures, the second tensioner component being non-
rotatable about the pivot axis; and

[a damper spring coupling the first tensioner component
to the second tensioner component; and]

a damper bushing positioned between the first tensioner
component and the [cup] upper surface of the arm,
wherein the damper bushing 1s mated to the first ten-
sioner component for rotation and translation there-
with and is in frictional engagement with the [cup]
upper surface of the arm;

wherein the first ramp features are aligned with the sec-
ond ramp features such that rotation of the first ten-
sioner component 1n a first direction moves the first
ramp features relative to the second ramp features
such that the first tensioner component translates rela-
tive to the second tensioner component into a damp-
ing engagement with the arm.

13. The tensioner of claim 12 [wherein the] further com-
prising adamper spring [is a flatwire spring] coupling the first
tensioner component to the second tensioner component.

14. The tensioner of claim [13] /2 wherein the first ten-
sioner component defines a spring case that houses [the
flatwire] a damper spring coupling the first tensioner compo-
nent to the second tensioner component.

15. The tensioner of claim 14 wherein the first ramp fea-
tures define the upper surtace of the outer wall of the spring
case.

16. The tensioner of claim 15 wherein the second tensioner
component is an end cap enclosing the [damping mechanism]
damper spring within the [cup of the arm] spring case.

17. The tensioner of claim [16] /2 wherein the damper
spring [has] is a flatware spring having an inner tang and an
outer tang, wherein the outer tang 1s coupled to the first
tensioner component and the mner tang i1s coupled to the
second tensioner component.
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18. The tensioner of claim [17] /2 further comprising a
ramp bushing having an upper ramp surface and a lower ramp
surface, the ramp bushing being disposed between the first
tensioner component and the second tensioner component
such that the upper ramp surface seats against the first ramp
teatures and the lower ramp surface seats against the second
ramp features.

19. The tensioner of claim 12 further comprising a tor-
sional spring coupling the arm to the support structure.

20. The tensioner of claim 19 wherein the torsional spring
1s a flatwire spring.

21. The tensioner of claim 14 wherein the damper spring
has a first tang and a second tang, wherein the first tang is
coupled to the first tensioner component and the second tang
is coupled to the second tensioner component.

22. The tensioner of claim 12 wherein the first tensioner
component defines an annular-shaped cavity having the first
ramp features on a vim theveof.

23. The tensioner of claim 22 wherein a damper spring is
seated in the annular-shaped cavity and has a first tang
connected to the first tensioner component and a second tang
connected to the second tensioner component.
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