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(57) ABSTRACT 
A belt tensioner having a sleeve bearing pivotally 
mounting a pivoted structure on a fixed structure for 
spring pressed movement between first and second 
positions. The sleeve bearing is larger than and sur 
rounds a ball bearing assembly rotatably mounting a 
pulley on the pivoted structure. The pulley has a canti 
levered rim which axially overlaps and annularly sur 
rounds the sleeve bearing. One of the structures and the 
sleeve bearing have slidably interengaging surfaces 
which are compressed together by the belt load force in 
the pivoted structure and the reactionary force acting in 
the fixed structure so as to provide a damping torque 
resistance to the pivotal movement of the pivoted struc 
ture which prevents movements resulting from dy 
namic changes in the belt load force within a range. The 
arrangement is such that independent vibrational forces 
instantaneously release the damping torque resistance to 
permit instantaneous movements otherwise prevented. 

4,504,252 3/1985 Honma , 50 Claims, 3 Drawing Sheets 
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Re. 34,543 
1. 

BELTTENSIONER WITH RELEASABLE BELT 
LOAD DAMPNG 

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. 

This invention relates to belt tensioners and more 
particularly to belt tensioners of the type used in auto 
motive engine serpentine belt systems and timing belt 
systems. 
A typical belt tensioner includes a fixed structure, a 

pivoted structure mounted on the fixed structure by a 
pivot bearing for pivotal movement about a pivotal axis 
and a belt tensioning pulley mounted on the pivoted 
structure by a rotational bearing for rotational move 
ment about a rotational axis parallel with the pivotal 
axis. A torsion spring is provided for resiliently biasing 
the pivoted structure to pivot from a first limiting posi 
tion corresponding to a loosened belt mounting position 
toward a second position during which the belt is en 
gaged and tensioned. The torsion spring applies a 
torque to the pivoted structure which when the belt is 
tensioned is equal and opposite to a belt load torque. 
The spring torque decreases as the pivoted structure 
moves from its first position toward its second position 
and so does the belt load torque. While the belt load 
torque decreases over the range of movement provided, 
it is desirable that the belt load force and hence the belt 
tension be maintained relatively constant throughout 
the range of movement provided. The pulley is posi 
tioned with respect to the belt such that the lever arm 
through which the belt load force acts decreases as the 
pivoted structure moves from the first position to the 
second position so as to maintain the static belt load 
force substantially constant. In this way, the belt ten 
sioner operates to maintain a constant static belt tension 
throughout a range of movement capable of accommo 
dating belt wear and extension, 
When the belt is moved, the dynamic belt load force 

acting on the tensioning pulley varies from the static 
load force resulting in movements away from the static 
equilibrium position which are either resisted by or 
effected by the torque applied by the spring. If this 
resilient movement is allowed to take place without 
control, a resonant vibratory movement of the pulley 
can ensue with disastrous results. Such control has here 
tofore been provided by providing a separate mecha 
nism which provides sufficient resistance to pivotal 
movements of the structure as to dampen the same and 
thus prevent damage due to resonant vibratory move 
nets. 
A tensioner embodying such a separate damping 

mechanism which has been widely used in commercial 
automotive applications is disclosed in U.S. Pat. No. 
4,473,362. The damping mechanism which provides the 
necessary resistance to pivoting, operates on the princi 
ple of utilizing sliding surface friction as the means to 
provide the damping resistance. The magnitude of the 
resistance is a function of the forces creating the pres 
sure between the surfaces providing the sliding friction, 
the coefficient of friction of the surfaces, and the radial 
distance from the pivotal axis to the friction surfaces. 
Since the torque provided by the spring decreases as the 
position of the pivoted structure approaches the second 
position, in order to provide optimum damping, it was 
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2 
recognized as desirable to similarly vary the damping 
torque resistance. The resultant proportional damping, 
as disclosed in the aforesaid patent, is accomplished by 
providing a spring support which applies a component 
of the spring force through the sliding surfaces. In this 
way, the pressure between the surfaces varies as the 
spring pressure and, since the coefficient of friction and 
lever arm are otherwise constants, the damping torque 
resistance is proportional to the spring pressure torque. 

Proportional damping in accordance with the princi 
ples enunciated in U.S. Pat. No. 4,473,362 has the dis 
tinct advantage that damping could be maximized 
throughout the operating range of the pulley without 
the occurrence of hang-ups as the operating position of 
the pulley approached the second position. A disadvan 
tage of separate proportional damping is that the resis 
tance to pivotal movement or damping torque acts with 
essentially the same magnitude in both directions of 
pivotal movement. Since pivotal movement in the di 
rection toward the second position occurs as a result of 
the spring torque, the resistance or damping torque thus 
had to be limited to a value below the spring torque to 
an extent necessary to accommodate coefficient of fric 
tion increases which may occur due to atmospheric 
conditions in order to prevent hang-up. Consequently, a 
significant amount of pulley movement occurred during 
operation even though such movement was adequately 
controlled. The sliding friction which occurred during 
such movement also resulted in wear. Consequently, a 
greater useful life could be secured, if the amount of 
operative movement could be restricted. 
The damping arrangement disclosed in commonly 

assigned United States patent application, Ser. No. 
029,695, filed Mar. 24, 1987, now U.S. Pat. No. 
4,725,260, constituted an effort to achieve less operative 
movement. The principle disclosed in the application 
for achieving this result is to apply the pressure between 
the sliding friction damping surfaces in such a manner 
that there is a greater gripping action or pressure ap 
plied in one direction of movement than the other. Spe 
cifically, the mechanism for carrying out the principle 
constituted a band brake. In one embodiment, the band 
brake was mounted in series with the torsion spring so 
that proportional damping was available when move 
ment did occur. In a second embodiment, the band 
brake is mounted by a separate spring which allowed 
the dynamic vibrations incident to engine operation and 
belt movement to be used to release the gripping action 
under dynamic loading conditions. 

In all of the prior art belt tensioners, it has been rec 
ognized that the reactionary force which acts through 
the pivot bearing to resist the belt load force imposed on 
the tensioning pulley established some resistance to 
pivotal movement. However, the effort in the past has 
been to make the pivot bearing small in diameter size 
and of antifriction material to minimize wear and insure 
a long bearing life. Consequently, the resistance pro 
vided was insignificant compared with the amount of 
resistance required to accomplish effective damping. 
The need to provide a separate mechanism which func 
tions to provide the required additional dominant damp 
ing resistance introduced a complexity and cost which it 
would be desirable to eliminate. 

It is an object of the present invention to provide a 
belt tensioner which achieves all of the advantages of 
the belt brake type tensioner while at the same time 
eliminating the complexity and cost factor introduced 
by virtue of the provision of a separate damping mecha 
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nism. In accordance with the principles of the present 
invention, this objective is accomplished by providing a 
belt tensioner which provides interengaging surfaces 
arcuate about a fixed pivotal axis parallel with the rota 
tional axis of the pulley so as to slide relative to one 
another and define the pivotal movements of the piv 
oted structure with respect to the fixed structure be 
tween a first position wherein the pulley can be trans 
versely aligned with a loosely trained belt and a second 
position. A spring resiliently biases the pivoted struc 
ture in a direction toward the second position with a 
spring torque which varies as the position of the pivoted 
structure approaches the second position. The pulley is 
manually movable into the first position against such 
resilient bias so that upon manual release the resilient 
bias moves the pulley into an intermediate operating 
static equilibrium position wherein the spring torque is 
equal and opposite to a belt load torque which varies 
with the variation in the spring torque as the intermedi 
ate operating position approaches the second position 
due to belt elongation by maintaining the belt load force 
acting on the pulley generally constant and varying the 
lever arm to the pivotal axis through which the belt 
load force acts. Preferably, the spring is mounted with 
respect to the pivoted structure such that the resultant 
spring torque is balanced in the radial direction with 
respect to the pivotal axis. Moreover, the position of the 
pivotal axis and the rotational axis are so related to the 
position of the engagement of the pulley with the belt 
when the tensioner is in operation that the belt load 
force transmitted to the pivoted structure is resisted by 
a reactionary force created in the fixed structure 
thereby compressing the interengaging surfaces to 
gether so as to establish a damping torque resistance 
which is a function of the fixed distance between the 
arcuate interengaging surfaces and the pivotal axis, the 
coefficient of friction with respect to the materials de 
fining the interengaging surfaces and the magnitude of 
the belt load and reactionary forces. Finally, the materi 
als defining the interengaging surfaces have a design 
static coefficient of friction such that pivotal move 
ments of the pivoted structure (1) in a direction toward 
the first position by the belt load torque as a result of 
dynamic increases in the belt load forces and (2) in a 
direction toward the second position by the spring 
torque as a result of dynamic decreases in the belt load 
force are prevented so long as the surfaces remain im 
mobile with respect to one another and the reactionary 
force is of a magnitude above the predetermined per 
centage of the constant belt load force, the arrangement 
being such that vibratory forces independent of the 
dynamic belt load forces instantaneously release the 
damping torque resistance either by mobilizing the sur 
faces so as to reduce the coefficient of friction function 
from static to dynamic or reducing the reactionary 
force or both so as to enable instantaneous pivotal 
movements to take place which would otherwise be 
prevented. 

Preferably the independent vibratory forces which 
release the damping torque resistance are provided by 
an automotive internal combustion engine. Conse 
quently, in accordance with the principles of the present 
invention, there is provided a novel combination which 
includes an internal combustion engine including an 
engine frame subject to vibrational forces resulting from 
the operation of the internal combustion engine, a plu 
rality of shafts mounted for rotational movement about 
parallel axes fixed with respect to the engine frame, a 
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4. 
plurality of pulleys fixed to the plurality of shafts, one of 
the plurality of shafts constituting the output shaft of 
the internal combustion engine, an endless flexible belt 
of a size capable of being loosely trained about the 
plurality of pulleys, and a belt tensioner. The belt ten 
sioner comprises a fixed structure fixed with respect to 
the engine frame, a pivoted structure, and a belt tension 
ing pulley mounted on the pivoted structure for rota 
tional movement about a rotational axis. The pivoted 
structure is mounted on the fixed structure for pivotal 
movement about a fixed pivotal axis parallel with the 
rotational axis between a first position and a second 
position. A spring resiliently biases the pivoted struc 
ture in a direction toward the second position with a 
spring torque which varies as the position of the pivoted 
structure approaches the second position so that the belt 
tensioning pulley is biased into an intermediate operat 
ing static equilibrium position in tensioning engagement 
with the belt wherein the spring torque is equal and 
opposite to a belt load torque which varies with the 
variation in the spring torque as the intermediate opera 
tion position approaches the second position due to belt 
elongation by maintaining the belt load force generally 
constant and varying the lever arm to the pivotal axis 
through which the belt load force acts. The pivotal 
movements of the pivoted structure are damped as a 
result of dynamic belt load forces varying from the 
generally constant belt load force when the belt is mov 
ing by sliding friction surfaces which establish a damp 
ing torque resistance sufficient to restrict the pivotal 
movements of the pivoted structure by virtue of the 
pressure of interengagement of the sliding friction sur 
faces and the position of interengagement of the sliding 
friction surfaces from the pivotal axis to an extent such 
that movements in response to dynamic changes in the 
belt load force within a range of changes are prevented. 
The arrangement is operable in response to the vibra 
tional forces to which the engine frame is subject to 
instantaneously release the damping torque resistance to 
a level permitting instantaneous pivotal movements in 
response to dynamic changes in the belt load force 
which would otherwise be prevented by the sliding 
friction surfaces as being within the range of changes. 
An advantage which accrues as a result of the in 

crease in the size of the pivot bearing is that it can be 
made large enough to surround the rotational bearing 
thus enabling the belt tensioner to be readily axially 
balanced. Axially balanced arrangements are known 
and exemplified by U.S. Pat. Nos. 4,077,272, 4,551,120, 
and 4,634,407. However, in all of these prior art ar 
rangements, the rotational bearing is of a size greater 
than the pivotal bearing. Traditionally, the rotational 
bearing is a ball bearing assembly which increases sub 
stantially in cost as size increases, whereas the pivotal 
bearing is traditionally a sleeve bearing which does not 
increase in cost with increase in size to the same extend 
as a ball bearing assembly. Consequently, in accordance 
with the principles of the present invention there is 
provided a belt tensioner which includes a fixed struc 
ture including a fixed pivotal bearing portion defining a 
fixed pivotal bearing surface arcuate about a fixed piv 
otal axis. The fixed pivotal bearing portion extends in 
cantilevered fashion in one axial direction. The pivoted 
structure includes a movable pivotal bearing portion 
having a movable pivotal bearing surface disposed in 
axially lapped opposed relation with respect to the fixed 
pivotal bearing surface and a pivoted annular bearing 
portion defining a rotational axis parallel with the piv 
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otal axis. The pulley includes a radially extending wall, 
an annular belt engaging wall concentric with the rota 
tional axis and extending axially from an outer portion 
of the radially extending wall in cantilevered fashion in 
an axial direction opposed to the one axial direction and 
a rotational annular bearing portion concentric with the 
rotational axis extending axially from an inner portion 
of the radially extending wall in cantilevered fashion in 
the opposed axial direction and in axially lapped op 
posed relation with respect to the pivoted annular bear 
ing portion. The rotational bearing between the annular 
bearing portions mounts the pulley on the pivoted struc 
ture for rotational movement about the rotational axis. 
The pivotal bearing between the fixed and movable 
pivotal bearing surfaces mounts the pivoted structure 
on the fixed structure for pivotal movement about the 
fixed pivotal axis between a first position wherein the 
pulley can be transversely aligned with a loosely trained 
belt and a second position. The pivotal bearing has 
exterior and interior bearing surfaces engaging the fixed 
and movable pivotal bearing surfaces, the exterior and 
interior bearing surfaces being disposed in an annular 
plane surrounding the rotational bearing and the annu 
lar bearing portions. The belt engaging annular wall 
extends in axially lapped surrounding relation with 
respect to the pivotal bearing and the rotational bearing 
such that the belt load force acting on said pulley is 
transmitted to said pivoted structure through said rota 
tional bearing means so as to establish a belt load force 
in said pivoted structure opposed by an equal and oppo 
site reactionary force in said fixed structure transmitted 
to said pivotal bearing means in an axially balanced 
fashion. 
Another object of the present invention is the provi 

sion of a belt tensioner of the type described which is 
simple in construction, effective in operation and eco 
nomical to manufacture. 
These and other objects of the present invention will 

become more apparent during the course of the follow 
ing detailed description and appended claims. 
The invention may best be understood with reference 

to the accompanying drawings wherein illustrative 
embodiments are shown, 

IN THE DRAWINGS: 

FIG. 1 is a front elevational view of an automotive 
internal combustion engine having a serpentine belt 
system including a belt tensioner embodying the princi 
ples of the present invention; 
FIG. 2 is an enlarged fragmentary sectional view 

taken along the line 2-2 of FIG. 1; 
FIG. 3 is a sectional view taken along the line 3-3 of 

FIG. 2; 
FIG. 4 is a sectional view taken along the line 4-4 of 

FIG. 2; 
FIG. 5 is a fragmentary front elevational view illus 

trating a portion of an automotive internal combustion 
engine having a timing belt assembly including a belt 
tensioner embodying the principles of the present in 
vention; 

FIG. 6 is a side elevational view of the belt tensioner 
shown in FIGS. 2-4 with parts broken away to show a 
modified form of damping torque resistance releasing 
mechanism. 

Referring now more particularly to the drawings, 
there is shown in FIG. 1 an automotive internal com 
bustion engine, generally indicated at 10, which in 
cludes a engine frame 12 and an output shaft 14. Fixed 
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6 
to the output shaft 14 is a drive pulley 16 forming a part 
of a serpentine belt system, generally indicated at 18, the 
belt system 18 includes an endless belt 20. The belt 20 is 
of the thin flexible type, as, for example, a poly-V belt. 
The belt 20 is trained about the drive pulley 16 and a 
plurality of further pulleys 22, 24, 26, 28, and 30 each of 
which is fixed to respective shafts 32, 34, 36, 38, and 40. 
The shafts are connected to operate various engine 
accessories. For example, shaft 32 drives a power steer 
ing device, shaft 34 an engine water pump, shaft 36 an 
air pump of the type used in an anti-pollution system for 
the engine, shaft 38 an engine electrical alternator, and 
shaft 40 a compressor of an air conditioning system for 
the automobile utilizing the engine 10. 

It will be understood that the internal combustion 
engine 10 may be of any known construction. In accor 
dance with conventional practice, the operation of the 
engine is such as to impart vibratory forces to the en 
gine frame 12. All of the accessories are mounted on the 
engine frame 12 so that the shafts are rotated about 
parallel axes which are fixed with respect to the engine 
frame 12 and parallel with the output shaft 16 thereof. 
The belt 20 is tensioned by a belt tensioner, generally 
indicated at 42, which embodies the principles of the 
present invention. The belt tensioner 42 is also mounted 
on the engine frame 12. It will be understood that the 
engine frame 12 is mounted on the chassis of the auto 
motive vehicle which through appropriate shock ab 
sorbing mounts which serve to isolate the vibratory 
forces which are established by the operation of the 
internal combustion engine from the vehicle frame but 
not from the engine frame. As will be more fully ex 
plained hereinafter, the vibratory forces which are es 
tablished by the operation of the internal combustion 
engine 10 to which the engine frame 12 is subjected are 
also transmitted to the belt tensioner 42 through the 
fixed mount thereof. 
As shown the fixed nount is in the form of a bracket 

44 fixed at one end to the engine frame 12 and its other 
end to a fixed structure, generally indicated at 46, form 
ing a part of the belt tensioner 42. As best shown in 
FIG. 2, the fixed structure 46 is in the form of an annu 
lar member including a cylindrical wall portion 48, 
having a radial wall portion 50 extending radially out 
wardly from one end thereof and an end wall portion 
52, which is centrally recessed and apertured extending 
radially inwardly from the opposite end thereof. Ex 
tending axially outwardly in cantilever fashion from the 
outer periphery of the radial wall portion 50 is an annu 
lar bearing wall portion 54 which is generally of cylin 
drical configuration. The bearing portion 54 includes an 
interior cylindrical bearing surface 56 disposed in en 
gagement with an exterior peripheral bearing surface 58 
of a sleeve bearing 60. 
As shown, the sleeve bearing 60 includes an rearward 

radially inwardly extending flange 62 which engages 
the adjacent surface of the radial wall portion 52 of the 
fixed structure 46. The sleeve bearing 60 also includes 
an interior periphery bearing surface 64 which engages 
an exterior cylindrical bearing surface 66 of a pivoted 
structure, generally indicated at 68. It will be under 
stood that the sleeve bearing 60 can have its surfaces 
relieved in accordance with the teachings contained in 
the aforesaid application, the disclosure of which is 
hereby incorporated into the present specification. 
Moreover, while it is preferred that the surfaces 66 and 
64 be slidable and the surfaces 56 and 58 fixed, it will be 
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understood that the slidable and fixed relationship can 
be reversed or both could be made slidable. 
The pivoted structure 68 generally consists of an 

annular member 70 having a stem 72 extending rear 
wardly from one end thereof. The end of the stem 72 is 
of reduced diameter and threaded to receive a locking 
nut 74. The locking nut 74 serves to engage a rigid 
washer 76 which, in turn, engages an annular washer 78 
of flexible material, as, for example, Zytel or the like. 
The annular washer 78 serves to maintain the axial 
alignment of the pivoted structure 68 with the fixed 
structure 46 in a forward direction, whereas the flange 
62 of the sleeve bearing 60 maintains axial alignment in 
the opposite direction. It can be seen that by virtue of 
the sliding pivotal movement of the exterior peripheral 
bearing surface 66 of the pivoted structure 68 with the 
interior peripheral bearing surface 64 of the sleeve bear 
ing 60, the pivoted structure 68 is confined to pivot with 
respect to the fixed structure 46 about a pivotal axis 80 
(shown in phantom lines in FIG, 2) which is coincident 
with the axis of the stem 72. Formed in the forward 
portion of the pivoted structure 68 in radially offset 
relation with respect to the pivotal axis 80 is a cylindri 
cal recess 82 within which is mounted a ball bearing 
assembly 84. The ball bearing assembly 84 serves to 
rotatably mount a stepped hub portion 86 of a belt tight 
ening pulley, generally indicated at 88, for rotational 
movement about a rotational axis 90 (shown in phantom 
lines in FIG. 2) which is disposed in parallel relation 
with the pivotal axis 80. As best shown in FIG. 2, the 
pulley 88 also includes a circular wall 92 which is con 
centric with and extends radially outwardly from the 
hub portion 86 and is disposed forwardly adjacent the 
forward end of the pivoted structure 68 and the outer 
bearing portion 54 of the fixed structure 46. Extending 
axially rearwardly in cantilever fashion from the outer 
periphery of the circular radial wall 92 of the pulley 88 
is an annular wall or rim portion 94 which serves to 
engage the belt 20 in the serpentine belt system 18. It 
will be noted that the rim portion 94 of the pulley 88 is 
disposed in axially overlapping and annularly surround 
ing relation with respect to the outer annular bearing 
portion 54 of the fixed structure 46 and the sleeve bear 
ing 60 which, in turn, is disposed in axially overlapping 
and annularly surrounding relation with respect to the 
ball bearing assembly 84 and the rotational axis 80 de 
fined thereby. As shown in FIGS. 2 and 4, the pivoted 
structure 68 is formed with an arcuate slot 96 on its 
rearward portion within which extends a stop pin 98 
suitably fixed to the mounting bracket 44 and the radial 
wall portion 50 of the fixed structure 46. The engage 
ment of the pin 98 within the slot 96 serves to limit the 
pivotal movement of the pivoted structure 68 with re 
spect to the fixed structure 46 between first and second 
positions which have an arcuate extent of approxi 
nately 70. 

In accordance with conventional practice, the piv 
oted structure 68 is resiliently biased to move in a direc 
tion toward its second position by a torsional coil spring 
100. As best shown in FIG. 2, the rearward surface of 
the pivoted member 70 is recessed to receive one end of 
the torsional spring 100 which is bent upwardly, as 
indicated at 102, and engaged within a radial slot con 
municating with the recess. The opposite end of the 
torsional spring is bent upwardly, as indicated at 104, to 
engage within an opening formed in the rearward end 
of the cylindrical wall portion 48. 
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8 
It can be seen that by virtue of the connection of the 

torsional spring 100 between the fixed and pivoted 
structures the spring will apply a spring force to the 
pivoted structure which progressively decreases as the 
pivoted structure is moved toward its second position. 
This spring force is continually applied to the pivoted 
structure through a fixed lever arm so that a spring 
torque is established which likewise diminishes as the 
pivoted structure moves towards its second position. It 
will be noted that only the bent ends 102 and 104 of the 
coil spring 100 contact the fixed and pivoted structures 
so that the radial forces of the spring are balanced with 
respect to the pivoted structure 68. 
The forward portion of the pivoted structure 68 is 

formed with a rectangular recess 106 and the circular 
wall 92 of the pulley 88 is formed with a similarly 
shaped opening 108 at a position which can be regis 
tered with the recess 106. The recess 106 is provided to 
receive an installation tool (not shown) which enables 
the operator to dispose the belt tensioner 42 in operative 
engagement within the serpentine belt system 18. It will 
be noted that the belt 26 of the system 18 is of a size to 
be loosely trained about the pulleys 16, 22, 24, 26, 28, 
and 30. After the mounting bracket 44 has been fixedly 
installed on the engine frame 12, the installation tool is 
engaged within the square recess 106 and the pivoted 
structure 68 is then manually moved about the pivotal 
axis 80 in a direction toward the first position wherein 
the loosely trained belt 20 can be axially aligned with 
the belt engaging wall 94 of the pulley 88. When the 
installation tool is manually released, the spring torque 
acting on the pivoted structure 68 by virtue of the 
mounting of the torsional spring 100 causes the pivoted 
structure to move away from its first position and 
towards its second position into tensioning engagement 
with the belt 20. By suitable manipulation of the tool, an 
appropriate tension can be placed upon the belt which 
in turn applies a belt load torque to the pivoted struc 
ture 68 which is equal and opposite to the spring load 
torque. The belt load torque is produced by a belt load 
force corresponding with the belt load tension which 
acts on the pulley 88 in a direction toward the rotational 
axis 90 which bisects the angle of wrap of the belt 20 
with respect to the pulley rim 94. As is conventional, 
the position of the angle of wrap is such that as the 
pulley moves toward the second position the lever arm 
to the pivotal axis 80 of the belt tensioner progressively 
diminishes, Consequently, the belt load torque is made 
to diminish with the spring torque as the pivoted struc 
ture moves towards its second position by virtue of the 
diminishing of the lever arm through which the belt 
load force acts, the belt load force itself being main 
tained generally constant corresponding with a gener 
ally constant tension in the belt. The position of the belt 
tensioner where the belt load torque is initially made 
equal to the spring torque constitutes an operative posi 
tion of static equilibrium at which the pulley 88 and the 
belt tensioner 42 operates. 

Moreover, it will be noted that the belt load force 
which acts through the ball bearing assembly 84 on the 
pivoted structure 68 in the aforesaid direction not only 
produces a torque about the pivotal axis of the pivoted 
structure but constitutes a linear force tending to move 
the peripheral bearing surface 66 of the pivoted struc 
ture 66 into engagement with the bearing surface 64 of 
the sleeve bearing 60. This force applied to the bearing 
structure is resisted by the fixed structure 46 by the 
establishment therein of a reactionary force which is 



Re. 34,543 
equal and opposite to the belt load force. These two 
forces compress the adjacent portions of the bearing 
surfaces 66 and 64 into interengagement. This interen 
gagement establishes a danping torque resistance to the 
pivotal movement of the pivoted structure 68 with re 
spect to the fixed structure 46 which is a function of the 
magnitude of the forces, the radial distance of the sur 
faces 64 and 66 from the pivotal axis 80 and the coeffici 
ent of friction of the materials which form the surfaces 
64 and 66. 

It is desirable to limit the minimum size of the sleeve 
bearing 60 to one which will surround the ball bearing 
assembly 84. This relationship is desired since it enables 
the belt load force to be transmitted in an axially aligned 
position from the pulley 88 to the pivoted structure 68 
and then to the sleeve bearing 60 so as to be distributed 
axially or uniformly to the sleeve bearing thereby en 
abling the bearing to wear evenly. 

Since for any particular installation, the radial dimen 
sion of the bearing is fixed and the desired constant 
static belt load is fixed, the extent of the damping can be 
varied by choosing materials having a desired coeffici 
ent of friction. It will be understood that once the belt is 
set in motion by the operation of the engine the load 
characteristics of the various pulleys and instrumentali 
ties driven thereby will cause dynamic changes in the 
belt tension which are reflected as dynamic changes in 
the belt load force applied to the pulley 88. An increase 
in the belt load force from the constant belt load force 
will result in a movement of the pivoted structure 68 in 
a direction toward its first position against the bias of 
the spring 100. A decrease in the belt load force will 
result in the spring force effecting a movement of the 
pivoted structure in a direction toward the second posi 
tion. These movements will take place unless the afore 
said damping torque resistance is chosen to be suffi 
ciently high to prevent such movements. It is within the 
contemplation of the present invention to choose the 
materials so that the coefficient of friction will permit 
movements of this type throughout the operation of the 
system. It is noted that the arrangement is such that the 
damping torque resistance is proportional to the belt 
load and hence the damping torque resistance will in 
crease as the load force is increased above the constant 
static belt load force. On the other hand, while the 
damping torque resistance diminishes as the belt load 
diminishes below the constant static belt load force, the 
spring torque will not decrease to the same extent thus 
insuring a reducing damping torque resistance in the 
direction tending to tighten the belt. 

Preferably, it is within the contemplation of the pres 
ent invention to select materials which will have a static 
coefficient of friction which is sufficiently high to pre 
vent movement within a range of belt load force 
changes. For example, in the serpentine system 18 illus 
trated in FIG. 1, an exemplary range is a range which is 
above - 50% of the constant static belt load force. 
Exemplary materials which will achieve this coefficient 
of friction are Zytel for the sleeve bearing 60 and mild 
steel for the pivoted structure 68. With these materials 
so long as the surfaces 64 and 66 remain immobile and 
the reactionary force remains equal and opposite to the 
belt load force, any dynamic change in the belt load 
force which constitutes at least a reduction of 50% of 
the static belt load force will not have the effect of 
moving the pivoted structure 68. 
As previously indicated, the operation of the internal 

combustion engine 10 is such as to impart vibratory 
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forces to the engine frame 12. Since the bracket 44 is 
fixed to the engine frame 12 and to the fixed structure 46 
of the belt tensioner 42, these vibratory forces are di 
rectly transmitted to the fixed structure of the belt ten 
sioner. Since the pivoted structure 68 and pulley 88 are 
movably mounted with respect to the fixed structure 46, 
the vibratory forces acting on the fixed structure will 
dynamically change the magnitude of the reactionary 
force with respect to the belt load force. When the 
vibratory forces are such as to reduce the reactionary 
force so that the pressure between the surfaces 64 and 
66 are relieved, the retained belt load force is sufficient 
to effect movements which would be otherwise pre 
vented. Of course, only the component of the vibratory 
forces which act in the direction of the belt load forces 
would have a relative effect on the reactionary forces. 
The component of the vibratory forces which act in an 
axial direction can have the effect of disturbing the 
immobility between the two surfaces 64 and 66 by estab 
lishing small axial movements. Once the surfaces 6466 
are set into motion, the damping torque resistance now 
becomes a function of the dynamic coefficient of fric 
tion rather than the static coefficient of friction. It is 
well known that the dynamic coefficient of friction for 
dry surfaces is much less than the static coefficient of 
friction. It is within the contemplation of the present 
invention to set the damping torque resistance at a level 
which would permit movement any time the dynamic 
coefficient of friction comes into play rather than the 
static coefficient of friction. However, this level of 
resistance is less than the preferred level of -50% or 
greater. With this arrangement relative changes in the 
reactionary force magnitude with respect to the belt 
load force magnitude are required in order to effect 
release of the damping torque resistance to a point en 
abling pivotal movement to take place which would 
otherwise be prevented. This arrangement has the desir 
able effect of restricting the movements which can take 
place during operation to the instances of time that the 
vibratory forces are such as to effect release. The 
amount of movement during operation is therefore sub 
stantially reduced resulting in a reduction in wear and 
hence an increase in the useful like of the belt tensioner. 
The vibratory forces which are produced by an inter 

nal combustion engine are a known factor and can be 
readily calculated. In order to establish a relative 
change in the reactionary force and the belt load force 
it is contemplated that the mass of the pivoted structure 
68 and pulley 88 can be varied to accommodate or be in 
tune with the particular vibratory forces of the particu 
lar engine so as to achieve release. For example, where 
the internal combustion engine 10 is a General Motors 
model 3200 V -6, above - 50% release can be 
achieved utilizing a pivoted structure and a pulley mass 
of 1 b, 

FIG. 5 illustrates a timing belt system, generally indi 
cated at 110, for the internal combustion engine 10. In 
this system, a toothed pulley 112 is fixed to the output 
shaft 14 of the engine and an internally toothed belt 114 
is driven by the pulley 112 and is rained about a second 
externally toothed pulley 116 fixed to a camshaft 118 of 
the engine. As before, a bracket 44 serves to mount the 
belt tensioner 42 in operative tensioning relation with 
the belt 114. 

In the tensioner 42 for the timing belt system 110 the 
variables are chosen such that the danping torque resis 
tance will prevent movement when dynamic changes in 
the belt load force are within an even greater range than 
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with the serpentine belt system 18 so as to provide a 
greater resistance to movement. Greater resistance is 
necessary to prevent tooth dislodgement on shut-off 
which presents the most severe change. With the timing 
belt 110, the range is greater than - 80% of the static 
belt load force. 

It will be understood that release of the damping 
torque resistance of the belt tensioner 42 when used in 
the timing belt system 110 is released in the same fashion 
as in the serpentine belt system 18 since the vibratory 
forces of the engine 10 in operation are sufficient to 
effect release. 
Where the vibratory characteristics of some engines 

require undesirable extensive additions of mass to the 
pivoted structure and/or pulley, additional independent 
sources of vibration may be utilized to effect release 
without adding more weight. Such additional vibration 
sources are also useful when the belt system is driven by 
electric notors or other essentially non-vibratory prime 
OWes. 
Such an additional source of vibrational forces is 

shown in FIG. 6 in the form of an electrically operated 
vibratory mechanism, schematically illustrated at 120. 
As shown, the vibratory mechanism 120 is mounted on 
the stem 72 and adjacent portion of the member 70 of 
the pivoted structure 68 in offset relation from the posi 
tion the belt load force and reactionary force oppose 
one another. It will be understood that the mechanism 
could be applied to the end of the stem 72 in which case 
the release would be effected solely by the change in the 
coefficient of friction function from static to dynamic in 
the manner previously indicated. 

It thus will be seen that the objects of this invention 
have been fully and effectively accomplished. It will be 
realized, however, that the foregoing preferred specific 
embodiments have been shown and described for the 
purpose of illustrating the functional and structural 
principles of this invention and are subject to change 
without departure from such principles. Therefore, this 
invention includes all modifications encompassed 
within the spirit and scope of the following claims. 
What is claimed is: 
1. The combination comprising 
an internal combustion engine including an engine 

frame subject to vibrational forces resulting from 
the operation of said internal combustion engine, 

a plurality of shafts mounted for rotational movement 
about parallel axes fixed with respect to said engine 
frame, 

a plurality of pulleys fixed to said plurality of shafts, 
one of said plurality of shafts constituting an output 

shaft of said internal combustion engine, 
an endless flexible belt of a size capable of being 

loosely trained about said plurality of pulleys, and 
a belt tensioner comprising 
a fixed structure fixed with respect to said engine 

frane, 
a pivoted structure, 
a belt tensioning pulley mounted on said pivoted 

structure for rotational movement about a rota 
tional axis, 

said pivoted structure being mounted on said fixed 
structure for pivotal movement about a fixed piv 
otal axis parallel with said rotational axis between a 
first position and a second position. 

spring means for resiliently biasing said pivoted struc 
ture in a direction toward said second position with 
a spring torque which varies as the position of said 
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pivoted structure approaches said second position 
so that said belt tensioning pulley is biased into an 
intermediate operating static equilibrium position 
in tensioning engagement with said belt wherein 
the spring torque is equal and opposite to a belt 
load torque which varies with the variation in the 
spring torque as the intermediate operation posi 
tion approaches said second position due to belt 
elongation by maintaining the belt load force gen 
erally constant and varying a lever arm distance to 
said pivotal axis through which the belt load force 
acts, 

means for damping the pivotal movements of said 
pivoted structure as a result of dynamic belt load 
forces varying from the generally constant belt 
load force when the belt is moving, 

said damping means including sliding friction surface 
means for establishing a damping torque resistance 
sufficient to restrict the pivotal movements of said 
pivoted structure by virtue of the pressure of inter 
engagement of said sliding friction surface means 
and the position of interengagement of said sliding 
friction surface means from said pivotal axis to an 
extent such that movements in response to dynamic 
changes in the belt load force within a range of 
changes are prevented, 

said damping means being operable in response to the 
vibrational forces to which said engine frame is 
subject to instantaneously release the damping 
torque resistance to a level permitting instanta 
neous pivotal movements in response to dynamic 
changes in the belt load force which would other 
wise be prevented by said sliding friction surface 
means as being within said range of changes. 
said range of belt load force changes varying from the 
generally constant belt load force to a positive extent 
wherein the belt load force increases and to a negative 
extent wherein the belt load force decreases, the range 
being such that the positive extent exceeds the negative 
extent sufficiently to provide within the excess extent 
positive changes in the resistance to movement which 
exceed the negative change in the resistance to move 
ment heretofore considered the limit necessary to 
prevent hang-up. 

2. The combination as defined in claim 1 wherein said 
plurality of shafts includes a camshaft forming a part of 
said internal combustion engine, said belt having teeth 
on a pulley engaging side thereof, all of said pulleys 
having exterior teeth meshingly engaging the belt teeth. 

3. The combination as defined in claim 2 wherein said 
range of changes is a range above -80% of the constant 
belt load force. 

4. The combination as defined in claim 3 wherein said 
pivoted structure is pivotally mounted on said fixed 
structure by a pivotal bearing means, said sliding fric 
tion surface means comprising a first bearing surface on 
said pivotal bearing means and a second bearing surface 
on one of said structures disposed in slidable engage 
ment with said first bearing surface. 

5. The combination as defined in claim 4 wherein said 
pivotal bearing means is a sleeve bearing surrounding 
said rotational axis. 

6. The combination as defined in claim 5 wherein said 
belt tensioning pulley includes a cantilevered belt en 
gaging wall axially overlapping and annularly sur 
rounding said sleeve bearing. 

7. The combination as defined in claim 6 wherein said 
belt tensioning pulley is rotationally mounted on said 
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pivoted structure by a ball bearing assembly axially 
overlapped and annularly surrounded by said cantilev 
ered belt engaging wall and said sleeve bearing. 

8. The combination as defined in claim 1 wherein said 
plurality of shafts include a plurality of shafts connected 
with engine accessories and said belt is a thin serpentine 
belt. 

9. The combination as defined in claim 8 wherein said 
range of changes is a range above -50% of the constant 
belt load force. 

10. The combination as defined in claim 9 wherein 
said pivotal bearing means is a sleeve bearing surround 
ing said rotational axis. 

11. The combination as defined in claim 10 wherein 
said belt tensioning pulley includes a cantilevered belt 
engaging wall axially overlapping and annular sur 
rounding said sleeve bearing. 

12. The combination as defined in claim 11 wherein 
said belt tensioning pulley is rotationally mounted on 
said pivoted structure by a ball bearing assembly axially 
overlapped and annularly surrounded by said cantilev 
ered belt engaging wall and said sleeve bearing. 

13. The combination as defined in claim 1 wherein 
said pivoted structure is pivotally mounted on said fixed 
structure by a pivotal bearing means, said sliding fric 
tion surface means comprising a first bearing surface on 
said pivotal bearing means and a second bearing surface 
on one of said structures disposed in slidable engage 
ment with said first bearing surface. 

14. The combination as defined in claim 13 wherein 
said pivotal bearing means is a sleeve bearing surround 
ing said rotational axis. 

15. The combination as defined in claim 14 wherein 
said belt tensioning pulley includes a cantilevered belt 
engaging wall axially overlapping and annularly sur 
rounding said sleeve bearing. 

16. The combination as defined in claim 15 wherein 
said belt tensioning pulley is rotationally mounted on 
said pivoted structure by a ball bearing assembly axially 
overlapped and annularly surrounded by said cantilev 
ered belt engaging wall and said sleeve bearing. 

17. A belt tensioner comprising 
a fixed structure, 
a pivoted structure, 
a pulley mounted on said pivoted structure for rota 

tional movement about a rotational axis, 
means defining interengaging surfaces operatively 

associated with said structures arcuate about a 
fixed pivotal axis parallel with said rotational axis 
so as to slide relative to one another and define 
pivotal movements of said pivoted structure with 
respect to said fixed structure between a first posi 
tion wherein said pulley can be transversely 
aligned with a loosely trained belt and a second 
position, 

spring means for resiliently biasing said pivoted struc 
ture in a direction toward said second position with 
a spring torque which varies as the position of said 
pivoted structure approaches said second position 
permitting manual movement of said pulley into 
said first position against such resilient bias so that 
upon manual release the resilient bias moves said 
pulley into an intermediate operating static equilib 
rium position wherein the spring torque is equal 
and opposite to a belt load torque which varies 
with the variation in the spring torque as the inter 
mediate operating position approaches said second 
position due to belt elongation by maintaining the 
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belt load force acting on said pulley generally con 
stant and varying a lever arm distance to said piv 
otal axis through which the belt load force acts, 

said spring means being mounted with respect to said 
pivoted structure such that the resultant spring 
torque is balanced in a radial direction with respect 
to the pivotal axis, 

the position of said pivotal axis and said rotational 
axis being so related to the position of engagement 
of said pulley with the belt when said tensioner is in 
operation that the belt load force transmitted to 
said pivoted structure is resisted by a reactionary 
force created in said fixed structure thereby com 
pressing said interengaging surfaces together so as 
to establish a damping torque resistance which is a 
function of the fixed distance between said arcuate 
interengaging surfaces and said pivotal axis, the 
coefficient of friction with respect to the means 
defining said interengaging surfaces and the magni 
tude of said belt load and reactionary forces, 

the means defining said interengaging surfaces having 
a design static coefficient of friction such that piv 
otal movements of said pivoted structure (1) in a 
direction toward said first position by the belt load 
torque as a result of dynamic increases in the belt 
load forces and (2) in a direction toward said sec 
ond position by said spring torque as a result of 
dynamic decreases in said belt load force are pre 
vented so long as the surfaces remain immobile 
with respect to one another and the reactionary 
force is of a magnitude above a predetermined 
percentage of said constant belt load force, the 
arrangement being such that vibratory forces inde 
pendent of said dynamic belt load forces instanta 
neously release the damping torque resistance ei 
ther by mobilizing the surfaces so as to reduce the 
coefficient of friction function from static to dy 
namic or reducing the reactionary force or both so 
as to enable instantaneous pivotal movements to 
take place which would otherwise be prevented. 

18. A belt tensioner as defined in claim 7 wherein the 
magnitude of said predetermined percentage is -50%. 

19. A belt tensioner as defined in claim 17 wherein the 
magnitude of said predetermined percentage is - 80%. 

20. A belt tensioner as defined in claim 17 wherein 
said means defining said interengaging surfaces com 
prises a sleeve bearing defining a first annular bearing 
surface constituting one of said interengaging surfaces 
and an annular portion on one of said structures defin 
ing a second annular bearing surface constituting the 
other of said interengaging surfaces. 

21. A belt tensioner as defined in claim 20 wherein 
said sleeve bearing is cylindrical. 

22. A belt tensioner as defined in claim 21 wherein 
said sleeve bearing is formed of Zytel. 

23. A belt tensioner as defined in claim 20 wherein 
said pulley is mounted on said pivoted structure by 
rotational bearing means disposed in axially overlapped 
and annularly surrounded relation by said sleeve bear 
Ing. 

24. A belt tensioner as defined in claim 21 wherein 
said pulley includes a cantilevered belt engaging wall 
axially overlapping and annularly surrounding said 
sleeve bearing. 

25. A belt tensioner comprising 
a fixed structure, 
a pivoted structure, 
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a belt tensioning pulley mounted on said pivoted 
structure for rotational movement about a rota 
tional axis, 

said pivoted structure being mounted on said fixed 
structure for pivotal movement about a fixed piv 
otal axis parallel with said rotational axis between a 
first position wherein said pulley can be trans 
versely aligned with a loosely trained belt, 

spring means for resiliently biasing said pivoted struc 
ture in a direction toward said second position with 
a spring torque which varies as the position of said 
pivoted structure approaches said second position 
permitting manual novement of said pulley into 
said first position so that upon manual release the 
resilient bias moves said belt tensioning pulley into 
an intermediate operating static equilibrium posi 
tion wherein the spring torque is equal and oppo 
site to a belt load torque which varies with the 
variation in the spring torque as the intermediate 
operating position approaches said second position 
due to belt elongation by maintaining the belt load 
force generally constant and varying a lever arm 
distance to said pivotal axis through which the belt 
load force acts, 

means for damping the pivotal movements of said 
pivoted structure as a result of dynamic belt load 
forces varying from the generally constant belt 
load force when the belt is moving, said damping 
means including sliding friction surface means for 
establishing a damping torque resistance sufficient 
to restrict the pivotal movements of said pivoted 
structure by virtue of the pressure of interengage 
ment of said sliding friction surface means from 
said pivotal axis to an extent such that movements 
in response to dynamic changes in the belt load 
force about -50% of the constant belt load force 
are prevented, and 

means operable in response to vibrational forces inde 
pendent of the dynamic belt load forces for instan 
taneously releasing the damping torque resistance 
to a level permitting instantaneous pivotal nove 
ments in response to dynamic changes in the belt 
load force which would otherwise be prevented by 
said sliding friction surface means as being within 
said range of changes. 

26. A belt tensioner as defined in claim 25 wherein 
said damping torque resistance releasing means com 
prises the mass of said pivoted structure and pulley, said 
mass being interrelated with the vibrational forces of an 
internal combustion engine driving the belt tensioned 
by said belt tensioner. 

27. A belt tensioner as defined in claim 25 wherein 
said damping torque resistance releasing means com 
prises an electrically operated vibrating assembly fixed 
to said pivoted structure. 

28. A belt tensioner comprising 
a fixed structure including a fixed pivotal bearing 

portion defining a fixed pivotal bearing surface 
arcuate about a fixed pivotal axis, 

said fixed pivotal bearing portion extending in canti 
levered fashion in one axial direction, 

a pivoted structure including a movable pivotal bear 
ing portion having a movable pivotal bearing sur 
face disposed in axially lapped opposed relation 
with respect to said fixed pivotal bearing surface 
and a pivoted annular bearing portion defining a 
rotational axis parallel with said pivotal axis, 
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a pulley including a radially extending wall, an annu 

lar belt engaging wall concentric with said rota 
tional axis and extending axially from an outer 
portion of said radially extending wall in cantilev 
ered fashion in an axial direction opposed to said 
one axial direction and a rotational annular bearing 
portion concentric with said rotational axis extend 
ing axially from an inner portion of said radially 
extending wall in cantilevered fashion in said op 
posed axial direction and in axially lapped opposed 
relation with respect to said pivoted annular bear 
ing portion, 

rotational bearing means between said annular bear 
ing portions mounting said pulley on said pivoted 
structure for rotational movement about said rota 
tional axis, 

pivotal bearing means between said fixed and mov 
able pivotal bearing surfaces mounting said pivoted 
structure on said fixed structure for pivotal move 
ment about said fixed pivotal axis between a first 
position wherein said pulley can be transversely 
aligned with a loosely trained belt and a second 
position, 

spring means for resiliently biasing said pivoted struc 
ture in a direction toward said second position with 
a spring torque which varies as the position of said 
pivoted structure approaches said second position 
permitting manual movement of said pulley onto 
said first position against such resilient bias so that 
upon manual release the resilient bias moves said 
pulley into an intermediate operating static equilib 
rium position wherein the spring torque is equal 
and opposite to a belt load torque which varies 
with the variation in the spring torque as the inter 
mediate operating position approaches said second 
position due to belt elongation by maintaining the 
belt load force acting on said pulley generally con 
stant and varying a lever arm distance to said piv 
otal axis through which the belt load force acts, 

said pivotal bearing means having exterior and inte 
rior bearing surfaces engaging said fixed and mov 
able pivotal bearing surfaces, said exterior and 
interior bearing surfaces being disposed in an annu 
lar plane surrounding said rotational bearing means 
and said annular bearing portions, 

said belt engaging annular wall extending in axially 
lapped surrounding relation with respect to said 
pivotal bearing means and said rotational bearing 
means such that the belt load force acting on said 
pulley is transmitted to said pivoted structure 
through said rotational bearing means so as to es 
tablish a belt load force in said pivoted structure 
opposed by an equal and opposite reactionary force 
in said fixed structure transmitted to said pivotal 
bearing means in an axially balanced fashion. 

29. A belt tensioner as defined in claim 28 wherein 
said rotational bearing means is a ball bearing assembly 
and said pivotal bearing means is a sleeve bearing. 

30. A belt tensioner as defined in claim 29 wherein 
said sleeve bearing is cylindrical. 

31. A belt tensioner as defined in claim 30 wherein 
said sleeve bearing is formed of Zytel. 

32. A belt tensioner as defined in claim 31 wherein 
one of said exterior and interior bearing surfaces of said 
pivotal bearing means is slidable with respect to the 
bearing surface engaged thereby, said belt load and 
reactionary forces compressing said one bearing surface 
and the surface engaged thereby together establishing a 
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damping torque resistance which is also a function of 
the distance of said compressed bearing surfaces from 
said pivotal axis and the coefficient of friction of the 
materials forming the compressed bearing surfaces. 

33. A belt tensioner as defined in claim 27 wherein 
one of said exterior and interior bearing surfaces of said 
sleeve bearing is slidable with respect to the bearing 
surface engaged thereby, said belt load and reactionary 
forces compressing said one bearing surface and the 
surface engaged thereby together establishing a damp 
ing torque resistance which is also a function of the 
distance of said compressed bearing surfaces from said 
pivotal axis and the coefficient of fiction of the materi 
als forming the compressed bearing surfaces. 

34. A belt tensioner as defined in claim 33 wherein 
said spring means is mounted with respect to said piv 
oted structure such that the resultant spring torque is 
balanced in a radial direction with respect to the pivotal 
axis. 

35. A belt tensioner comprising 
a fixed structure including a fixed annular bearing 

portion defining a fixed annular bearing surface 
arcuate about a fixed pivotal axis, 

a pivoted structure including a movable pivotal bear 
ing portion having a movable annular bearing sur 
face disposed in axially lapped opposed relation 
with respect to said fixed annular bearing surface, 

a pulley 
rotational bearing means mounting said pulley on said 

pivoted structure for rotational movement about a 
rotational axis parallel with said fixed pivotal axis, 

an annular sleeve bearing between said fixed and 
movable annular bearing surfaces mounting said 
pivoted structure on said fixed structure for pivotal 
movement about said fixed pivotal axis between a 
first position wherein said pulley can be trans 
versely aligned with a loosely trained belt and a 
second position, 

spring means for resiliently biasing said pivoted struc 
ture in a direction toward said second position with 
a spring torque which varies as the position of said 
pivoted structure approaches said second position 
permitting manual movement of said pulley into 
said first position against such resilient bias so that 
upon manual release the resilient bias moves said 
pulley into an intermediate operating static equilib 
rium position wherein the spring torque is equal 
and opposite to a belt load torque which varies 
with the variation in the spring torque as the inter 
mediate operating position approaches said second 
position due to belt elongation by maintaining the 
belt load force acting on said pulley generally con 
stant and varying a lever arm distance to said piv 
otal axis through which the belt load force acts, 

said sleeve bearing having exterior and interior annu 
lar bearing surfaces engaging said fixed and mov 
able annular bearing surfaces, 

all of said bearing surfaces encircling said rotational 
axis and having a radius dimension greater than the 
radius dimension of said rotational bearing means. 

36. A belt tensioner as defined in claim 35 wherein 
one of said exterior and interior annular bearing sur 
faces being slidable with respect to the bearing surfaces 
engaged thereby, said slidable bearing surfaces provid 
ing dominant damping torque resistance to the pivotal 
movement of said pivoted structure. 

37. A belt tensioner as defined in claim 36 wherein 
said spring means is mounted with respect to said piv 
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oted structure such that the resultant spring torque is 
balanced in a radial direction with respect to the pivotal 
axis. 

38. A belt tensioner as defined in claim 35 wherein 
said rotational bearing means is disposed in axially over 
lapped and annularly surrounded relation by said sleeve 
bearing. 

39. A belt tensioner as defined in claim 38 wherein 
said pulley includes a cantilevered belt engaging wall 
axially overlapping and annularly surrounding said 
sleeve bearing. 

40. The combination comprising 
an internal combustion engine including an engine 

frane subject to vibrational forces resulting from the 
operation of said internal combustion engine, 

a plurality of shafts mounted for rotational movement 
about parallel axes fixed with respect to said engine 
frame, 

a plurality of pulleys fixed to said plurality of shafts, one 
of said plurality of shafts constituting an output shaft 
of said internal combustion engine, 

an endless flexible belt of a size capable of being loosely 
trained about said plurality of pulleys, and 

a belt tensioner comprising 
a fixed structure fixed with respect to said engine frame, 
a pivoted structure, 
a belt tensioning pulley mounted on said pivoted struc 

ture for rotational movement about a rotational axis, 
said pivoted structure being mounted on said fixed struc 

ture for pivotal movement about a fixed pivotal axis 
parallel with said rotational axis between a first posi 
tion and a second position, 

spring means for resiliently biasing said pivoted structure 
in a direction toward said second position with a spring 
torque which decreases as the position of said pivoted 
structure approaches said second position so that said 
belt tensioning pulley is biased into an intermediate 
operating static equilibrium position in tensioning 
engagement with said belt wherein the spring torque is 
equal and opposite to a belt load torque which varies 
with the variation in the spring torque as the interne 
diate operation position approaches said second posi 
tion due to belt elongation by maintaining the belt 
load force generally constant and varying a lever arm 
distance to said pivotal axis through which the belt 
load force acts, 

interengaging sliding friction damping surfaces opera 
tively associated with said fixed structure and said 
pivoted structure for damping the pivotal movements 
of said pivoted structure as a result of dynamic belt 
load forces varying from the generally constant belt 
load force when the belt is moving, 

said interengaging damping surfaces presenting sliding 
friction therebetween sufficient to establish a damping 
torque resistance restricting the pivotal movements of 
said pivoted structure by virtue of the pressure of inter 
engagement of said damping surfaces and the position 
of interengagement of said danping surfaces from 
said pivotal axis to an extent such that movements in 
response to dynamic changes in the belt load force 
within a range of changes are prevented, 

said interengaging danping surfaces and the operative 
association thereof respectively with said fixed struc 
ture and said pivoted structure being operable in re 
sponse to the vibrational forces to which said engine 
frame is subject to instantaneously release the damp 
ing torque resistance to a level permitting instanta 
neous pivotal movements in response to dynamic 
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changes in the belt load force which would otherwise 
be prevented by said interengaging damping surfaces 
as being within said range of changes, 

said range of belt load force changes varying from the 
generally constant belt load force to a positive extent 
wherein the belt load force increases and to a negative 
extent wherein the belt load force decreases, the range 
being such that the positive extent exceeds the negative 
extent sufficiently to provide within the excess extent 
positive changes in the resistance to movement which 
exceed the negative change in the resistance to nove 
ment heretofore considered the limit necessary to 
prevent hang-up. 

4. The combination as defined in clain 40 wherein said 
range of changes is a range in which the negative extent 
includes negative changes between 80% of the constant belt 
load force and 0% of the constant load force. 

42. The combination as claimed in clain 41 wherein 
said plurality of shafts includes a can shaft forming a part 
of said internal combustion engine, said belt having teeth 
on a pulley engaging side thereof, all of said pulleys having 
exterior teeth neshingly engaging the belt teeth. 

43. The combination as defined in clain 42 wherein said 
pivoted structure is pivotally mounted on said fixed struc 
ture by a pivotal bearing means, said interengaging damp 
ing surfaces comprising a first damping surface on said 
pivotal bearing means and a second damping surface on 
one of said structure disposed in slidable engagement with 
said first bearing surface. 
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44. The combination as defined in claim 43 wherein said 

pivotal bearing means is a sleeve bearing surrounding said 
rotational axis, 

45. The combination as defined in clain 44 wherein said 
belt tensioning pulley includes a cantilevered belt engaging 
wall axially overlapping and annularly surrounding said 
sleeve bearing. 

46. The combination as defined in clain 45 wherein said 
belt tensioning pulley is rotationally mounted on said piv 
oted structure by a ball bearing assembly axially over 
lapped and annularly surrounded by said cantilevered belt 
engaging wall and said sleeve bearing. 

47. The combination as defined in clain 40 wherein said 
pivoted structure is pivotally mounted on said fixed struc 
ture by a pivotal bearing means, said interengaging damp 
ing surfaces comprising a first danping surface on said 
pivotal bearing means and a second danping surface on 
one of said structures disposed in slidable engagement with 
said first damping surface. 

48. The combination as defined in claim 47 wherein said 
pivotal bearing means is a sleeve bearing surrounding said 
rotational axis. 

49. The combination as defined in clain 48 wherein said 
belt tensioning pulley includes a cantilevered belt engaging 
wall axially overlapping and annularly surrounding said 
sleeve bearing. 

50. The combination as defined in clain 49 wherein said 
belt tensioning pulley is rotationally mounted on said piv 
oted structure by a ball bearing assembly axially over 
lapped and annularly surrounded by said cantilevered belt 
engaging wall and said sleeve bearing. 
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