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TENSIONER WITH INCREASED DAMPING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.

61/716,894 filed October 22, 2012 the contents of which are incorporated herein in their

entirety.

FIELD

[0002] This disclosure relates to tensioners and in particular tensioners that

operate to tension synchronous endless drive members such as a timing belt on an

engine.

BACKGROUND

[0003] Tensioners are known devices for maintaining tension in belts (e.g. timing

belts) or other endless drive members that are driven by an engine and that are used to

drive certain components, such as camshafts. A tensioner typically includes a base that

mounts to the engine, a tensioner arm that is pivotable with respect to the base about a

pivot axis, a pulley that is mounted at a free end of the arm for engagement with the

belt, and a spring that acts between the base and the arm to drive the arm into the belt.

The direction into the belt (i.e. the direction in which the spring drives the arm) may be

referred to as a direction towards a free arm position (i.e. towards a position that the

tensioner arm would reach if no belt were present to stop it). This is a direction of

lessening spring potential energy. The tensioner arm in general moves in this direction

as the belt tension drops. The direction away from the belt (i.e. the direction against the

biasing force of the spring) may be referred to as a direction towards a load stop

position, and is a direction of increasing spring potential energy. The tensioner arm in

general moves in this direction as the belt tension increases. It is known that it is

desirable to provide damping on a tensioner in order to assist the tensioner arm in

resisting being thrown off a belt during sudden increases in belt tension which can



accelerate the tensioner arm suddenly towards the load stop position. In at least some

demanding applications, however, the damping that is available from a typical prior art

tensioner is not sufficient to satisfactorily inhibit such an event from happening. It would

be desirable to provide a tensioner that has increased damping.

SUMMARY

[0004] In an aspect, a tensioner for an endless drive member, comprising a shaft

and base that are mountable to be stationary relative to an engine, a tensioner arm that

is pivotable relative to the shaft about a tensioner arm axis, a pulley on the tensioner

arm rotatable about a pulley axis that is offset from the tensioner arm axis, and that is

engageable with an endless drive member, a tensioner spring that is positioned to urge

the tensioner arm towards a free arm position, a damping element that engages the

tensioner arm and that is engaged by a plurality of axially spaced segments of the

tensioner spring.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1 is a sectional side view of a prior art tensioner;

[0006] Figure 2A is a sectional side view of another prior art tensioner;

[0007] Figure 2B is a magnified sectional side view of a portion of the tensioner

shown in Figure 2 ;

[0008] Figure 3 is a side view of an engine with a tensioner in accordance with an

embodiment of the present invention;

[0009] Figure 4 is a sectional side view of the tensioner shown in Figure 3;



[0010] Figures 4A and 4B are exploded perspective views of a variant of the

tensioner shown in Figure 4 ;

[0011] Figure 5 is a magnified sectional side view of a portion of the tensioner

shown in Figure 4 ;

[0012] Figure 6 is a sectional view of a 'bottom' or 'proximal' portion of the

tensioner shown in Figure 4 , that contacts the engine;

[0013] Figure 7 is a sectional view of an 'upper' or 'distal' portion of the tensioner

shown in Figure 4 ;

[0014] Figure 8 is a plan view of a spring and a damping element from the

tensioner shown in Figure 4;

[0015] Figure 8A is a perspective view of the spring from the tensioner shown in

Figure 4 ;

[0016] Figure 9 is a sectional side view of the spring and the damping element

shown in Figure 8 ;

[0017] Figure 10 is a sectional side view of a tensioner in accordance with

another embodiment of the present invention;

[0018] Figure 11 is a magnified sectional side view of a portion of the tensioner

shown in Figure 10;

[0019] Figure 12 is a graph illustrating the hub load on the pulley from the

tensioners shown in Figure , Figure 2 and Figure 4;

[0020] Figures 13 and 14 are sectional side and plan views of another prior art

tensioner;

[0021] Figure 15A-15G are graphs illustrating the belt tension in relation to the

arm position of several different tensioner configurations;



[0022] Figure 16 is a diagram illustrating the setup for the tensioners tested from

which the curves in Figures 15A-15G were generated;

[0023] Figures 17-19 are plan views of the spring and the damping element, with

different relative angles between two ends of the spring; and

[0024] Figure 20 is a diagram illustrating the vector sum of the forces acting on

the ends of the spring in either of Figures 18 and 9.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0025] A prior art tensioner is shown at 10 in Figure 1, and includes a damping

structure 12 that absorbs kinetic energy from a timing drive and converts the kinetic

energy to heat through friction between components of the damping structure 12. The

tensioner 10 includes a shaft 14, a base 15, a bushing 16, a tensioner arm 18, a pulley

20 that rotates on the arm 18 via a bearing 2 1 (e.g. a ball bearing) and a tensioner

spring 22. The bushing 16 pivots with the tensioner arm about the shaft 14 during

operation of the tensioner 10 in response to changes in tension of the endless drive

member against which the pulley 20 is engaged. The endless drive member is not

shown in Figure 1, but it will be understood that it may be a timing belt or the like.

[0026] One source of friction is between the shaft 14 and the oscillating bushing

16 (which may be termed 'shaft-bushing friction'). In some applications the shaft-

bushing friction is sufficient to control timing drive dynamics. However, sometimes more

friction is required, as insufficient damping may lead to catastrophic failure of the belt

and consequently catastrophic failure of the engine particularly in interference engine

designs where the valves could collide with the pistons if the valve timing is incorrect.

Referring to Figure 2A, a spring support 24 is provided. The spring support 24 may in

some instances be rotationally locked to the base 15 by a locking feature. Also, the

axial force of the spring 22 against the spring support 24 can at least somewhat prevent

rotation of the spring support 24 relative to the base 15 (i.e. a high frictional torque may



exist between the spring support 24 and the base 15 which means that the spring

support 24 is not 'fixed' to the base 15 but would not be expected to rotate under most

operating conditions. The first coil of the spring 22 engages the spring support 24 and

applies a force F on it radially inwardly towards the tensioner arm pivot axis Aa. An

example of the spring support is shown in Figures 13 and 14, which are figures from US

Patent 4,473,362, the contents of which are hereby incorporated by reference. It will be

noted that Figures 13 and 14 are reproductions of figures from the aforementioned US

patent including reference numerals used in that patent. Accordingly, the reference

numerals in those two figures do not relate to items in this description. For example,

item 1 2 as used in this description is not related to reference numeral 112 as it

appears in Figures 13 and 14.

[0027] The spring support 24 may be made of nylon or any other suitable

material. The compressive force F of the spring 22 on the spring support 24 urges the

spring support 24 against the tensioner arm 18, which generates friction as the

tensioner arm 18 pivots and slides against the spring support 24 during operation of the

tensioner 10.

[0028] The spring 22 (which may be a torsion spring as shown) generates a

torque T. The spring 22 has first and second ends 23 and 25 which end in tangs that

are not shown in the sectional views in Figures 2A and 2B but which engage the base

5 and the arm 18 respectively. The first end 23 is hooked to the base 15 so as to be

stationary relative to the engine, and is positioned at a distance rc from the spring

centre. The second end 25 moves with the tensioner arm 18. Thus along the helical

length of the spring 22, there is progressively more and more rotational oscillation

movement starting from the stationary first end 23 along the length of the spring 22 to

the oscillating second end 25. A force F acts on the first end 23 of the spring 22. This

force is transmitted to the spring support 24. The friction coefficient between the

engaged surfaces of the arm 18 and the spring support 24 is represented by a. The

radius of the arm 18 at the region where the arm 18 contacts the spring support 24 is

represented by ra as shown in Figure 2B. The frictional torque generated by the spring



support 24 is: Ma= ra
*

a
* F. Additionally, the compression of the spring support 24 in

turn compresses the arm 18 by some amount, which in turn causes additional shaft-

bushing friction. This additional frictional torque will be ignored for the purposes of this

description. The shaft-bushing frictional torque (ignoring compressive effects from the

spring support 24) may be calculated as: M = r * b*Hi, where rb is the bushing radius,

is the friction coefficient between the engaged surfaces of the bushing 16 and the

shaft 14, and H is the hubload vector. In an example, where the tensioner 10 has a

3mm arm (i.e. the offset between the pulley axis shown as Ap and the tensioner arm

axis Aa is 3mm), and assuming an angle between the tensioner arm 8 and the hubload

vector of 90°, the frictional torque generated by the spring support 24 is approximately

100%* Ma/M = 54% of the frictional torque generated by bushing (where ra = 12.5mm,

R = 3mm, a = 0.2, r = 20mm, r = 10mm , = 0.07). Thus the frictional torque

provided by the spring support 24 may be substantial, compared to the frictional torque

provided by the engagement between the shaft 14 and bushing 16.

[0029] It would be advantageous to provide other sources of friction, aside from

those described above in at least some situations. For example, in belt-in-oil

applications the friction generated between the shaft 14 and bushing 16 is reduced due

to lubrication caused by the presence of the oil. Thus an additional source or alternative

source of friction is desirable. Also, in many applications it would be advantageous to

be able to use a relatively longer tensioner arm (i.e. where R>3mm). A longer tensioner

arm may have better/larger take-up than a shorter arm, where 'take-up' is the amount of

belt length the tensioner can compensate per one degree of rotation of the tensioner

arm. Additionally, a longer arm permits more stable tension control. A longer arm may

permit relatively easy pull-the-pin installation of the tensioner as compared to some

tensioners which are complicated to install due to their use of an installation eccentric,

which is an offset between the center of the shaft 14 and a pivot axis of the shaft 14 that

is used to adjust the position of the shaft 14 during installation of the tensioner. Once

the shaft 14 is correctly positioned, it is fixedly captured in its current position using a

bolt or the like so that it does not pivot. Installation of such tensioners, however, can be

complicated as noted above.



[0030] Long arm tensioners of the prior art, however, can sometimes generate

too little frictional torque at the shaft-bushing interface precluding their use in some

situations. In order to keep the bearings in the tensioner small (to keep costs down), an

increase of the arm length can lead to a reduced shaft diameter, which in turn results in

less frictional torque at the shaft-bushing interface. In an example, for a tensioner with

a 30mm inner diameter ball bearing, the ratio of the frictional torque to produced torque

may be determined as follows: A 3mm arm may be packaged with a 20mm diameter

shaft. It may have a 15mm bearing radius - 3mm (arm eccentric) - m (aluminum arm

wall) - 1mm (bushing thickness) = 10mm (shaft radius). A 5mm arm may only be

packaged in the same bearing with 16mm diameter shaft using a similar calculation as

above. For a 3mm arm, the damping ratio would be 10mm (shaft radius) * 0.1 (friction

coefficient) * F (load)/3mm (arm eccentric) *F = 0.33. For a 5mm arm, the damping ratio

would be 8* 0.1/5 = 0.16. With such a low damping ratio, the tensioner with a 5mm arm

would not be able to control timing drive dynamics in some cases. A damping ratio in

the range of about 0.3 to about 0.4 may be suitable in some applications.

[0031] A tensioner 100 as shown mounted to an engine 101 in Figure 3 , which

provides additional damping as compared to the tensioner shown in Figures 2A and 2B.

The tensioner 100 acts on a timing belt 103 that transfers rotational power from a

crankshaft 104 to a pair of camshafts 105a and 105b. The additional damping provided

by the tensioner 00 is provided via a spring support as shown at 124 in Figure 4 . As a

result, the tensioner 100 may have a tensioner arm length of more than 3mm (e.g.

5mm) in some instances. The tensioner 100 has a shaft 14 that may be similar to the

shaft 14, a base 115 that is staked to one end of the shaft 114, a bushing 116 that may

be similar to bushing 16, a tensioner arm 18 that may be similar to the tensioner arm

18, a pulley 120 that may be similar to the pulley 20, a bearing 121 that may be similar

to the bearing 2 1, and a tensioner spring 122 that may be similar to the spring 22.

[0032] The tensioner arm 118 is pivotable about a tensioner arm pivot axis Aa

shown in Figure 4 . The pulley 120 is rotatable about a pulley axis Ap, which is offset



from the tensioner arm pivot axis Aa, wherein the amount of offset is the length of the

tensioner arm.

[0033] A retaining washer 35 is staked to the other end of the shaft 114 to hold

selected components together. A polymeric bushing plate 137 is provided between the

retaining washer 135 and the tensioner arm 1 8 to prevent metal-to-metal contact

therebetween. The bushing 116 and the damping element 124 may together be

generally referred to as a damping system 112.

[0034] In the embodiment shown in Figure 4 an installation eccentric 139 is

provided in an aperture 141 in the shaft 114, which permits adjustment of position of the

tensioner arm 118 during installation of the tensioner 100 on an engine. A fastener

shown at 119 in Figure 3 , passes through the aperture 141 (Figure 4) but is offset from

the center of aperture 141 by the installation eccentric 139 to mount the tensioner 100

to the engine. However, in a preferred variant shown in Figures 4B and 4B, there is no

installation eccentric, and a longer tensioner arm length 118 can be provided (e.g. 5mm

as opposed to 3mm). In this variant, a fastener (not shown) passes through the

aperture 141 (and is centered therein), to mount the tensioner 100 to the engine. The

variant shown in Figures 4A and 4B may otherwise be similar to the embodiment shown

in Figure 4 .

[0035] Figure 6 is a sectional view of a 'bottom' or 'proximal' portion of the

tensioner 100 that contacts the engine. Figure 7 is a sectional view of an 'upper' or

'distal' portion of the tensioner 100. Figure 8 is a plan view of the spring 122 and the

damping element 124. Figure 8A is a perspective view of the spring 122 alone. Figure

9 is a sectional side view of the spring 122 and the damping element 124.

[0036] As shown in Figures 8 and 8A, the tensioner spring 122 has a first end

123 and a second end 125, each of which ends in a tang. As shown in Figures 4A and

6 , the tang at the first end 123 engages the base 115 (more particularly it engages a

slot 111 in the base 115) so as to anchor the first end 123 of the spring 122.

Additionally, as shown in Figure 7 the tang at the first end 123 passes through a slot



7 in the damping element 124, which rotationally fixes the damping element 124 to

the base 115, while still permitting the damping element 124 to slide as needed to

engage the tensioner arm 118. As shown in Figures 4B and 7 the tang at the second

end 125 engages the tensioner arm 118 (more particularly it engages a slot 113 in the

tensioner arm 118) so as to apply a biasing force urging the tensioner arm 118 into the

belt 103. Referring to Figure 8A, the spring 122 may be a helical torsion spring that

includes more than one coil wherein a coil is defined as a segment of the spring 122

that extends through 360 degrees. In this embodiment the spring 122 has 2.5 coils

including a first end coil 129a, a second end coil 129b, and a 180 degree segment

shown at 129c between the first and second end coils 129a and 129b. Delimiters

between the coils 129a, 129b and the segment 129c are shown at 131 .

[0037] Referring to Figures 8 , 8A and 9 , the spring support 124 may be similar to

the spring support 24, however, in the tensioner 100, the spring support 124 is

configured such that a first segment 127a in the first end coil 129a and a second

segment 127b in the second end coil 129b both engage the spring support 124. The

segments 127a and 127b are shown in a perspective view in Figure 8A. In Figure 6 ,

only a portion of the spring 122 is shown so that the segment 127a is not obstructed. In

Figure 7 , a different portion of the spring 122 is shown so that the segment 127b can be

seen unobstructed. As can be seen in Figures 6 , 7 and 8A, delimiters shown at 133

show the extents of the segments 127a and 127b (i.e. they show the ends of the

portions of the spring 122 that contact the spring support 124). As can be seen, the first

segment 127a and the second segment 127b are axially offset or spaced from one

another, and are in the first end coil 129a and second end 129b, respectively. Also, as

can be seen in Figure 8A, the first and second segments 127a and 127b are generally

aligned axially.

[0038] As shown in Figure 8 , the overall force exerted on the spring support 124

by the spring 122 is F at the first end 123 and F at the second end 125. As a result, the

overall frictional torque (and therefore damping) generated by the spring support 124

and the arm 118 is greater than (i.e. approximately double) that produced in the



embodiment shown in Figures 2A and 2B (and the embodiment shown in Figure 1).

This is based on the assumption that the force F that is exerted at the two ends 123 and

125 of the spring 122 are approximately in the same direction, which is true when the

spring ends 123 and 125 are approximately 180 degrees apart angularly about the

spring axis, shown at As (Figure 8). Their relative positions are shown in an example in

Figure 8 . Their ranges of relative positions during use over a range of belt tensions are

shown in Figures 17-19. When they are 180 degrees apart, the forces are aligned and

are purely additive. When they are at some other angle relative to each other, the

forces are not purely additive and vector components of the forces must be considered

to determine the overall force exerted on the spring support 124.

[0039] As noted above the second spring end 125 oscillates together with the

tensioner arm 118. Thus, there is friction generated between second spring end 125

and the stationary spring support 124, and consequently there is the potential for wear

on the spring support 124. In a belt-in-oil application this wear may be acceptable. In

applications where the wire used for the spring 122 has a square cross-sectional shape,

the pressure of the spring 122 on the spring support 124 is lower than the pressure

exerted by a spring 122 round cross-section (since there is more contact area on the

square cross-section spring). Thus in embodiments where a square (or rectangular)

cross-section spring 122 is used, such as is shown in Figure 4 , the wear may be

acceptable. The wear may also be acceptable even in embodiments that include a

round cross-section spring 122.

[0040] Based on the above, it can be seen that, as compared to the embodiment

shown in Figures 2A and 2B, the frictional torque generated using the embodiment

shown in Figure 4 is as follows: approximately twice the frictional torque generated by

the spring support 24, a limitedly higher frictional torque that is generated between the

shaft 14 and bushing 16, and additional friction generated between the second end 125

of the spring 122 and the spring support 124, which has no analogous arrangement in

the embodiment in Figures 2A and 2B. The additional damping provided by the

embodiment shown in Figure 4 may permit the use of a longer arm tensioner than is



possible with the embodiment shown in Figures 2A and 2B. It may also permit the

tensioner 100 to be used in a belt-in-oil application, in either a short-arm or long-arm

configuration. The spring support 124 may be referred to as a damping element or a

damper due to its increase role in the damping.

[0041] It will be noted that, while the spring 122 constricts during operation and

applies a compressive force on the damping element 124 it may push oil away (in a

helical direction - along the length of the spring coils) from the contact area between the

spring 122 and the damping element 124. As a result, the presence of oil may not

cause a large reduction in friction between the spring 122 and the damping element

124. It will also be noted that, while the spring 122 may be made from a spring wire

having a square or rectangular cross-section, the wire may twist by some angle during

operation and thus may engage the damping element at some points along a corner of

the cross-sectional shape and not along a flat face of the cross-sectional shape. This

will reduce by some amount lubricating effects of any oil that is present that would

reduce the friction between the spring 122 and the damping element 124.

[0042] As shown in Figures 10 and 11, instead of only engaging the damping

element 124 with segments 127a and 127b in the first and second end coils 129a and

129b of the spring 122 as shown in Figures 4 and 5 , it is alternatively possible to

provide an embodiment where at least one additional spring segment engages the

damping element 124. For example, in the embodiment shown in Figures 10 and 11,

the segment shown at 127c, which is axially between the first and segments 127a and

127b, also engages the damping element 124. The overall force exerted by the spring

122 remains as being 2F, (based on the force F that is applied to the spring 122 at both

ends 123 and 125 as shown in Figures 8 and 9), but because there are three spring

segments that contact the damping element 124, the force exerted on the damping

element 124 by each of the three spring segments 127a, 127b and 127c, is 2F/3, as

shown in Figures 10 and 11. As a result, there is a reduced pressure applied by each

coil on the damping element 124 as compared to the embodiment shown in Figures 4

and 5 . Consequently there may be less wear on the damping element 124. If more



than three axially spaced segments are in contact with the damping element 124, the

force applied by each coil may be reduced further, thereby reducing the pressure on the

damping element while maintaining the overall force (i.e. 2F).

[0043] As noted above, all along the helical length of the spring 122, the

magnitude of the oscillatory movement increases progressively along the helical length

of the spring 122 from the stationary first end 123 to the second end 125 which

oscillates with the arm 118. Thus each segment 127a, 127c, 127b has progressively

more sliding movement with the damping element 124. While the first segment 127a

has some non-zero amount of sliding movement with the damping element 124 it is

relatively small and may be ignored for its impact on the overall damping provided by

the tensioner 100. In an example if there are three segments 127a, 127b, and 127c and

the tensioner arm 118 (and therefore the second end 125) oscillates with an amplitude

of ±6 degrees, then the third segment 127c would oscillate with an amplitude of about

±3 degrees, and the first segment 127a would substantially not oscillate). In the

embodiment shown in Figures 10 and 11, the frictional torque provided by the damping

element 124 may be about 2.5 times the frictional torque provided by the spring support

24 of the tensioner 10 shown in Figures 2A and 2B. This increase in frictional torque

(and therefore damping) is provided at essentially no added cost or complexity and

without adding new components. The performance of the tensioner 100 relative to the

tensioner 10 is shown in Figure 12, which shows hysteresis curves for the tensioner 100

at 180, the tensioner 10 with a spring support at 182 and the tensioner 10 with no

damping element (as shown in Figure 1) at 184.

[0044] In applications where the friction surfaces will be exposed to oil, features

may be provided to assist in removing oil from them so as to reduce the risk of sudden

drops in friction and damping that can occur from the presence of oil. Slits (which may

be referred to as channels or grooves) shown at 86 in Figure 9 in the damping element

124 are designed to provide oil reservoirs or transport channels to help to transfer oil

out from contacting surfaces between the damping element 124 and the arm 118 (not

shown in Figure 9). The channels 186 may be provided with sharp edges which can



scrape oil from the surface of the arm 118 to reduce the risk of development of an oil

film between the contacting surfaces of the damping element 124 and the arm 118. The

presence of the channels 186 reduces the overall contact area between the damping

element 124 and the arm 118, which increases the surface pressure between them.

The size and/or number of the channels 186 can be selected to provide a selected

surface pressure that may be high enough to squeeze oil out from between the

contacting surfaces.

[0045] Another feature that may be provided on the damping element 124 may

be reductions in wall thickness 188, which may be referred to as flex joints 188. The

flex joints 188 increase the flexibility of the damping element wall (shown in Figure 9 at

190) which increases the contact area between the wall 190 and the tensioner arm 18

which in turn makes for less wear and more stable friction between them. These flex

joints 188 can be provided any suitable way. For example, the flex joints 188 may

extend axially along the axial length of the damping element wall 190. They may, in

some embodiments, be provided on the face of the wall 190 that faces the arm 118. In

the embodiment shown in Figures 8 and 9 , it can be seen that the flex joints 188 are

formed by slots that pass through the entirety of the wall thickness and which extend

substantially along the entire axial length of the damping element 124 and which are

closed at a first end 188a and open at a second end 188b. As can be seen in Figure 8

in particular, these slots separate a portion of the damping element 124 into segments

shown at 191 .

[0046] In other embodiments, the wall thickness at these flex joints 188 may be

about half of the wall thickness elsewhere, or it may be a different non-zero fraction of

the wall thickness away from the flex joints 188.

[0047] The graphs in Figures 15A-15G illustrate tension control provided by the

tensioner 100. There are three curves shown in each graph. The top curve represents

high tension (i.e. the tensioner 100 is pushed out by the belt shown at 192 in Figure 16);

the bottom curve is low tension (i.e. the tensioner 100 follows a slack belt 192) and the

center curve is the mathematical average of two extreme forces for each tensioner arm



position. The graphs illustrate the performance of various tensioner configurations (e.g.

different lengths of tensioner arm, use of spring support 24, use of damping element

124, no damping element). The graphs in Figures 15A- 5C represent a tensioner with

a 3mm arm length with no spring support, a tensioner with a 3mm arm length with a

spring support similar to spring support 24, and a tensioner with a 3mm arm length with

a damper similar to damper 124 respectively. The graphs shown in Figures 15D-15F

represent a tensioner with a 5mm arm length with no spring support, a tensioner with a

5mm arm length with a spring support similar to spring support 24, and a tensioner with

a 5mm arm length with a damper similar to damper 124 respectively. The graph in

Figure 15G shows a 5mm arm tensioner with a damper similar to damper 124 and extra

travel to allow for installation of a pull pin (100 degrees travel vs 62 degrees travel for a

standard installation method). The increased travel creates the challenge to control

tension in a stable manner. Tension curves from the graphs in Figures 15A-15G are

proportional to tensioner hysteresis curves at each angular position of the tensioner

arm. The distance between the top and bottom curves on each graph is proportional to

the tensioner damping, such that a wider distance means that more damping is

provided. The graphs are prepared assuming that damper/spring contact points are

always vertically aligned, for simplicity. The damping element 124 reduces its influence

when forces are not aligned (illustrated in Figures 18-19) which helps to stabilize

tension control at the extreme positions (i.e. at the ends of its range of travel). With

reduced damping, the curve representing the maximum tension force is not as steep

and the distance between the maximum and minimum tensions does not grow as much

as is shown on the graphs close to the end of the tensioner travel. This reduction in the

distance between the maximum and minimum tensions at the extremes of travel is

advantageous for tensioners that have pull pins that are removed after installation,

which require extra travel to compensate for engine and belt build tolerances. In some

applications, the tensioner 100 may be configured to substantially align the damping

element forces when the tensioner 100 is close to the center of its travel as shown in

Figure 17. The alignment of the forces may be tailored to address a particular

application requirement. For example, the tensioner 100 may be configured to have



increased resistance as it approaches its load stop position so as to reduce the

likelihood of actual contact with a limit surface on the tensioner that defines the load

stop position.

[0048] The graphs in Figures 15A-15G have the same vertical scale so as to

facilitate visually comparing the distance between the tension curves to draw

conclusions as to which tensioner has more damping and will be more stable in use on

an engine. It will be noted that:

► the 5mm arm tensioners have more stable tension control (i.e. the curves are

relatively flat) but less damping (i.e. there is a smaller distance between max and min

curves);

► the 5mm arm tensioner with the damper has more damping then the 3mm tensioner

with no damper (and will therefore oscillate less on the engine); and

► the tension characteristics of the 5mm arm pull-the-pin installation tensioner are

similar (i.e. similarly parabolic) to those of a 3mm arm tensioner that has an installation

eccentric and its associated complicated installation procedure. Providing a pull-the-pin

installation feature requires more arm travel to compensate for engine and belt

dimensional tolerances. It can be difficult to design a pull-the-pin type tensioner with a

3mm arm length due to arm "over center" condition, whereby the tensioner arm locks up

due to the geometry of the forces acting on it.

[0049] The tensioner 100 can provide good damping even in the presence of oil

facilitates its use in a belt-in-oil arrangement, as a replacement for a timing chain design

on an engine. For greater certainty however, it will be noted that the tensioner 100 may

be advantageous in applications where no oil is present.

[0050] While the damping element 124 has been described as being made from

nylon, other materials may be used, such as nylon with a Teflon™ coating on the inner

surface (i.e. the surface that contacts the arm 118) or on the outer surface (i.e. the

surface that contacts the spring 122) or on both the inner and outer surfaces. The



spring 122 could be coated with a low friction material if desired so as to reduce wear

that might occur on the damping element 124. Materials and coatings may be selected

so that damping and wear characteristics may be as desired for a particular application.

[0051] Providing the tensioner 100 which has a plurality of axially spaced

segments of the spring 122 in contact with the damping element 124 permits an

improvement in damping which can facilitate the use of the tensioner 100 in a belt-in-oil

application and/or the use of a longer arm tensioner than is possible using some

damping structures of the prior art.

[0052] While a spring 122 having 2.5 coils in helical length is shown in the

figures, it will be understood that the springn 122 could have fewer or more than 2.5

coils. For example, the spring 122 could have 1.5 coils and still have ends that are 180

degrees apart angularly, and would still have two segments that engage the damping

element 124. In another example, the spring 122 could have 1.25 coils of helical length

and would have ends that are 90 degrees apart angularly, while still having two

segments that engage the damping element, although the forces applied at the spring

ends would add in a vector sum of about 1.4F in such an instance. Other spring lengths

are possible, such that three, four or any suitable number of segments of the spring 122

would engage a suitably lengthened version of the damping element 124.

[0053] The above-described embodiments are intended to be examples only, and

alterations and modifications may be carried out to those embodiments by those of skill

in the art.



Claims:

. A tensioner for an endless drive member, comprising:

a shaft and base that are mountable to be stationary relative to an engine;

a tensioner arm that is pivotable relative to the shaft about a tensioner arm axis;

a pulley on the tensioner arm rotatable about a pulley axis that is offset from the

tensioner arm axis, wherein the pulley is engageable with an endless drive member;

a tensioner spring that is positioned to urge the tensioner arm towards a free arm

position; and

a damping element that engages the tensioner arm and that is engaged by a

plurality of axially spaced segments of the tensioner spring.

2 . A tensioner as claimed in claim 1, wherein the plurality of axially spaced

segments are positioned on two end coils of the tensioner spring.

3 . A tensioner as claimed in claim 2 , wherein the plurality of axially spaced

segments includes at least one segment of the spring positioned between the two end

coils.

4 . A tensioner as claimed in claim 1, wherein the tensioner spring is generally

helical and has a first end and a second end, wherein torsional forces are transmitted

into the spring via the first and second ends, and wherein the first and second ends are

angularly approximately 180 degrees apart from each other about an axis of the

tensioner spring.

5 . A tensioner as claimed in claim 1, wherein the tensioner spring is made from a

wire having a generally rectangular cross-section.

6 . A tensioner as claimed in claim 1, wherein the tensioner spring is made from a

wire having a generally square cross-section.



7 . A tensioner as claimed in claim 1, wherein the damping element has an inside

face that contacts the tensioner arm and wherein the inside face includes channels.

8 . A tensioner as claimed in claim 1, wherein the damping element has a wall that

contacts the tensioner arm and wherein the wall has flex joints that extend axially along

an axial length of the wall to permit an effective reduction in radius of the wall to

increase the contact area between the wall and the tensioner arm under a compressive

force from the spring.

9 . A tensioner as claimed in claim 1, wherein there is relative sliding movement

between the spring and the damping element and a consequent frictional torque

provided thereby.
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