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(57) Abstract

(54) Title: TENSIONER WITH SECOND PIVOT-ARM FOR DAMPING MECHANISM

A tensioner with a base (30), a pivot-arm (32) that oscillates about a pivot (34) secured to the base (30), a puliey (22) attached to
the pivot-arm (32), a compression spring (36) with a first end (38) operatively connected to the pivot-arm (32) and z second end (50)
operatively connected to a shoe (52) that presses a convex surface (54) of the shoe (52) against a concave arcuate surface (46) of the
pivot-armt (32), and a second pivot-arm (60} secured to the shoe (52) and a second pivot (66) secured to the base (30).




TENSIONER WITH SECOND PIVOT-ARM FOR DAMPING MECHANISM

5 Background of the invention

The invention relates to a tensioner for tensioning a belt, of a belt drive
system, but more particularly, the invention relates to a damping mechanism
for a spring type tensioner where the spring biases the position of a pivot-arm

10 (o which a pulley is attached. While the tensicner of the invention may be

used in various applications for tensioning betts, it is particularly useful in

controlling belt tension of a V-ribbed belt as associated with a front end
"o accessory drive or a synchronous belt as associated with a camshaft belt
drive sysiem for automotive applic_;ations.
L 18

Automatic tensioners of the mechaniéal type ‘have designs for

accommodating a particular type of spring to bias a position of the tensioner's

: pivot-arm. Various types of springs are * used to accommodate a
particular design 'and include belville springs, volute springs, compression
. " 20 springs, tension springs, or torsional springs. Each type of spring offers some
advantages while also introducing some design limitations for a tensioner.
Perhapsi tr{e spring most used today in automotive tensioners is"a coiled
torsional spring. An advantage of using a torsional spring is that four forces

are needed to define two couples for winding the spring and wherein at least

25 one of the forces can be advantageously used or “tapped” to operate a

damping mechanism that inhibits movement of the pivot-arm.

While springs with torsional type tensioners have some design
advantages such as the option to use one of the spring winding forces to
generate damping, they also have some limitations. For example, the amount

of available damping is limited to a function of a radius at which friction

1a




surface sliding takes place to effect damping. Also, torsional spring type
tensioners must be mounted with its pivot-arm angled in a geometric manner

relative to an engaged belt so that a trigonometric shortening and lengthening

S of the pivot-arm compensates for variations introduced by the coiled torsional

spring.

10
Some of the disadvantages of using a coiled torsional spring for a
tensioner may be overcome with a tensioner designed to use 2 compression-
spring. A compressnon spring may be operatively connected between a base
member and a pivot-arm in such a manner that it provides substantially a
15 constant torque output as measured at a pivot-arm.  Aiso, the radius or
sieenl moment about which friction surface sliding takes place may be increased to
e effect a larger percentage of damping.

While such tensioners solve some of the problems associated

ETITRN ) with torsional springs such as by providing a constant torque output and a

larger radius at which damping takes place with friction surface sliding, they
: also introduce their own disadvantages. One of the disadvantages is that only
,:-:-, two forces are available to “tap” with a compression spring as opposed to four
forces ava1able for tapplng with a torsional spring. Consequently, and with

25 only two available forces, there is no force of a compression spring that is
easily “tapped" to provide a force for a damping mechanism. More particularly,
there is a problem of defining a force for damping that is additive to a hub load
to effect a total force available for a damping mechanism. in other words, the
prior art tensioners are unable to define a spring force for a damping

30 mechanism in conjunction with a single compression spring that biases a
position of a pivot-arm. The prior art solved the sprihg force problem for

damping with the addition of a second spring such as a U-shaped leaf spring

W Moni\BR\Speci4 143-89.0oc
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3
or a second compression spring where the springs provide a constant force
which results in constant (as opposed to variable) damping of a pivot arm.’

The above discussion of documents, acts, materials, devices, articles
and the like is included in this specification solely for the purpose of providing a
context for the present invention. It is not suggested or represented that any of
these matters formed part of the prior art base or were common general
knowledge in the field relevant to the present invention as it existed in Australia
before the priority date of each claim of this application.

This invention is directed to those tensioner designs that incorporate a
compression spring to bias the position of a pivot-arm and to soiving the prior
art problem of the necessity of using a second spring to provide a force to a

damping mechanism to effect damping by friction surface sliding.

Summary of- the invention

According to the invention there is provided a tensioner for tensioning a belt, the
tensioner having a base; a pivot-arm that oscillates about a pivot secured to the
base; a pulley attached to the pivot-arm and for engaging the belt; a
compression spring with a first end operatively connected to the pivot-arm at an
operative radius in relation to the pivot; and a damping mechanism that inhibits
oscillatory movements of the pivot arm; including '

the pivot-arm including a concave arcuate surface that moves with the
pivot-arm and is spaced a distance from the pivot, the concave
arcuate surface oriented to generally face the pivot and a

second end of the compression Spring;

?\(i/;w:\mnh\BF\Soed\A41l>w.m
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the damping mechanism including a moveable shoe with a convex
arcuate friction surface substantially complimentary to and
engaging the concave arcuate surface of the pivot-arm, a
second pivot-arm with a first end secured to the shoe and a
second end secured at a second pivot to the base, the shoe
having a spring receiving portion that faces and attaches to the
second end of the spring; and wherein the spring is biased
between the pivot-arm and shoe and operates to press the

.' convex' suf'face of the shoe against the concave surféce of the

pivot-am.,

In accordance with the invention, an automatic mechanical tensioner is
provided that is useful to tension a belt of a belt drive system. The tensioner
may be used in conjunction with a synchronous belt drive system or a V-
ribbed front- end-accessory drive belt system, both of which are used in

automotive applications.

In accordance with the invention, only a single comp‘ression spring is
required. The spring is "hooked up” in such a way that the same spring force
used to bias position of the pivot-arm, is also ‘”lapped" and used as a force for
the damping mechanism,

An object of the invention is to use only one compression spring to
provide both a biasing force to a pivot-arm and a contributory force to a

damping mechanism.

An advantage of the'invention is that a pulley attached to a pivot-arm
receives a belt load and generates a spring force that adds to a force for the
damping mechanism when the pulley moves in a direction that compresses

the spring.
W.konia\BF\Spedwd 143-09.00¢
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Another advantage of the invention is that the damping mechanism is
self-energizing in one direction of rotation of the pivot-arm which results in

asymmetric damping of the pivot-arm.

These and other objects or advantages of the invention will be

apparent after reviewing the drawings and description thereof wherein:

Figure 1 is a front view schematic of a synchronous (timing) belt
drive system of the automotive type which includes a tensioner

of the invention; and

fe Figure 2 is a view taken generally within the line 2-2 of Figure 1
and showing an enlarged and partially broken away view of a

belt tensioner of the invention.
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Description of Preferred Embodiments

Referring to Figure 1 and for purpose of illustration without limitation to
a particular belt drive system, a synchronous “timing” belt drive system 10
includes a toothed belt 12 entrained and tensioned around a crank puliey 14,
an idler pulley 16, and an injection pump pulley 18, a cam shaft pulley 20, and

a tensioning pulley 22 of a tensioner 24 of the invention.

The tensioning pulley 22 engages the belt 12 and receives a belt load
in the form of belt tension of adjacent belt spans 26, 28. The belt tension of
the spans combine to generate a belt force component BF which oftentimes is
referred to as “hub load.” The belt force component BF occurs along a

bisector of an angle formed between the belt spans 286, 28.

Referring more particularly to Figure 2, the tensioner includes: a base
30; a pivot-arm 32 that oscillates about a pivot 34 secured fo the base 30, a
pulley 22 attached to the pivot-arm and for engaging the belt 26 and receiving
a belt force BF; a compression spring 36 with a first end 38 operatively
connected to the pivot-arm 32 such as by a boss 40 located at an operative
radius 42 in relation to the pivot; and a damping mechanism 43. A bushing 44
is interpositioned between the pivot and pivot-arm in known fashion and the
puliey is attached to the pivot-arm by way of a ball bearing 45, also in known
fashion.

The pivot-arm 32 inciudes an extension or portion in the form of a
concave arcuate surface 46 that moves with the pivot-arm and is spaced a
radial distance 48 from the pivot 34. The concave arcuate surface 46 is
oriented to generally face the pivot 34 and a second end 50 of the

compression spring 36.



10

15

20

25

30

WO 99/63246 PCT/US99/12290

The arcuate surface 46 is substantially concentric with the pivot and
optionaily, has a radial distance 48 that is equal or greater than the operative
radius 42 for greater damping (i.e. the larger the radius, the larger the

damping torque for a given damping force).

The damping mechanism 43, includes a moveable shoe 52 with a
convex arcuate friction surface 54 that is complimentary to and engages the
concave arcuate surface 46 of the pivot-arm. As shown, the shoe may be in
two-part form with a pad of friction material 56 attached to and backed up 58
by the shoe. A second pivot-arm 60 has a first end 62 secured to the shoe
such as by being integrally formed with the shoe as shown. A second end of
the second pivot-arm is secured at a second end 64 to a second pivot 66 that
is secured to the base 30. The shoe has a spring receiving portion such as a
boss 68 that faces and attaches the second end 50 of the compression
spring. A bushing 70 such as of the polymeric type, or of any other suitable
material such as PTFE with bronze fabric, may be optionally interpositioned
between the second pivot and second pivot-arm. A bushing is not essential
because the second pivot-arm does not continually oscillate. The second
pivot-arm only slowly rotates as the friction surface of the shoe wears when

the tensioner is in use.

The compression spring being biased between the first pivot-arm and
shoe atiached to the second pivot-arm, operates to press the convex surface
94 of the shoe (pad 56) against the concave surface 46 of the pivot-arm 32 to
effect damping.

For use, the tensioner 24 is located adjacent its installed position to an
automotive engine and fasteners such as bolts 72, attach the tensioner to an
engine (not shown). A toothed belt 12 is entrained around the crank pulley
14, idier pulley 16, injection pump pulley 18, and cam pulley 20. A wrenching

surface 74 is optionally provided as a means to rotate the tensioner with a
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wrench (in this case counterclockwise) to a position away from the belt for
easy belt instaliation. With the belt in the correct position, the pivot-arm is
allowed to rotate (clockwise) to where the pulley presses against the belt to
its belt engaging position as shown in Figure 1. The toothed belt 12 is

tensioned as the pulley is positioned in pressing engagement against the belt.

The pulley is pressed into engagement by means of the compression
spring pushing on the pivot-arm at its operative radius 42 so as to rotate the
pivot-arm which in this case, is clockwise. The compression spring also
presses against the damping shoe which is held in position relative to the
base by means of the second pivot-arm 60. The spring presses the shoe
against the concave arcuate surface 46 of the pivot-arm. The arcuate surface
46 angularly oscillates A,B in response to angular movements of the pivot-arm
32. The damping shoe 52 (pad 56) operates to damp angular movements of
the pivot-arm by friction surface sliding between the conca_vg;rcuate surface
46 of the pivot-arm and convex arcuate surface 54 of the damping shoe. The
second pivot-arm in conjunction with the concave surface operates to keep
the second end of the spring in substantially a fixed position in relation to the
base so that the spring can bias the pivot-arm to press the pulley against the
belt.

The location of the second pivot 66 is below one end 84 of the damping
shoe. Consequently, the shoe is "self energizing” as the concave arcuate
surface 46 moves counterclockwise (in the B direction) and it releases as the
concave arcuate surface 46 moves clockwise (in the A direction). The self-
energizing arrangement results in increased friction surface sliding in the
counterclockwise direction and reduced friction surface sliding in the

clockwise direction which results in asymmetric damping of the pivot-arm 32.

Should the tension in the belt spans 26, 28, momentarily increase from

an engine operating condition, the belt will press against the pulley with an

7
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increased force BF that operates to rotate the pivot-arm counterclockwise B
and further compress the compression spring 36 resulting in an increased
spring force. The increase in spring force operates to press against the
damping shoe with increased force and thereby increases friction surface
sliding at the shoe which operates to inhibit the pivot-arm from moving in the
counterclockwise direction. Once the tension in the span decreases and the
belt force reduces, the pulley is quickly pressed against the belt span by
means of the compression spring 36 so as to maintain a belt tension (by a

decreased damping level).

Optionally, an adjustable stop 76 may be provided between the pivot-
arm 32 and base 30. The adjustable stop is in the form of a slot 78 formed in
the base, a moveabie stop member 80 which is attached to the pivot-arm by

means of a fastener 82.

The foregoing description is made for purpose of illustration only and is
not intended to limit the scope of the invention which is to be determined by

the appended claims.
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9
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A tensioner for tensioning a belt, the tensioner having a base; a pivot-
arm that oscillates about a pivot secured to the base; a pulley attached to the
pivot-arm and for engaging the belt; a compression spring with a first end
operatively connected to the pivot-arm at an operative radius in relation to the
pivot; and a damping mechanism that inhibits oscillatory movements of the pivot
arm; including:

the pivot-arm including a concave arcuate surface that moves with the
pivot-arm and is spaced a distance from the pivot, the concave
arcuate surface oriented to generally face the pivot and a
second end of the compression spring;

the damping mechanism including a moveable shoe with a convex
arcuate friction surface substantially complimentary to and
engaging the concave arcuate surface of the pivot-arm, a
second pivot-arm with a first end secured to the shoe and a
second end secured at a second pivot to the base, the shoe
having a spring receiving portion that faces and attaches to the
second end of the spring; and wherein the spring is biased
between the pivot-arm and shoe and operates to press the
convex surface of the shoe against the concave surface of the
pivot-arm.

2 The tensioner as claimed in claim 1 wherein the spaced distance of the
concave arcuate surface of the pivot-arm from the pivot is equal to or greater
than the operative radius for the spring.

3. The tensioner as claimed in claim 1 or claim 2 wherein the concave
arcuate surface of the pivot-arm is substantially concentric with the pivot.

4, The tensioner as claimed in any one of the preceding claims wherein the
shoe is self energizing in one direction relative to movement of the concave
arcuate surface.

Y:\volet\No delelev4143-89 doc
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5. The tensioner as claimed in any one of the preceding claims wherein the
shoe is integrally formed as part of the second pivot-arm and includes a pad of

polymeric material that forms the convex arcuate surface.

6. A tensioner for tensioning a belt substantizally as herein before described

with reference to the illustrations.

10 DATED: 13 December 2000
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
THE GATES CORPORATION
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