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(57) ABSTRACT

A chain or belt drive assembly, including: a first sprocket
with: a first plurality of radially outwardly extending protru-
sions; and at least one opening passing through material
forming the sprocket and wholly surrounded by the material
forming the first sprocket; and a second sprocket including a
second plurality of radially outwardly extending protrusions,
The assembly includes a continuous chain or belt engaged
with the first and second pluralities of protrusions; and at least
one pendulum mass assembly including: a first pendulum
mass disposed on a first radial side of the first sprocket;
second pendulum mass disposed on a second radial side,
opposite the first radial side, of the first sprocket; and at least
one connection element fixedly secured to the first and second
pendulum masses and passing through the at least one open-
ing. The connection element is displaceable within the at least
one opening in radial and circumferential directions.

13 Claims, 5 Drawing Sheets
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1
DAMPER ASSEMBLY FOR CHAIN OR BELT
DRIVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(e) of U.S. Provisional Application No. 61/762,521, filed Feb.
8, 2013, which application is incorporated herein by refer-
ence in its entirety.

TECHNICAL FIELD

The present disclosure relates to a damper assembly for a
chain or belt drive, in particular to a damper assembly includ-
ing pendulum masses for an engine timing chain assembly.

BACKGROUND

An engine timing chain assembly includes two sprockets,
connected by a timing chain, driving a camshaft. Torque
transmitted to the camshaft undesirably varies because of
oscillation from the engine. For example, second, third, or
fourth order oscillation caused by four, six, or eight cylinder
engines, respectively, causes the torque variation. Undesir-
able vibration of the timing chain occurs in response to the
torque variation of the camshaft. The torque variation and
chain vibration interfere with proper operation of the engine
timing chain assembly and cause premature wear of the com-
ponents of the engine timing chain assembly.

SUMMARY

According to aspects illustrated herein, there is provided a
chain or belt drive assembly, including: a first sprocket with:
a first plurality of radially ourwardly extending protrusions;
and at least one opening passing through material forming the
sprocket and wholly surrounded by the material forming the
first sprocket; and a second sprocket including a second plu-
rality of radially outwardly extending protrusions. The
assembly includes a continuous chain or belt engaged with
the first and second pluralities of protrusions; and at least one
pendulum mass assembly including: a first pendulum mass
disposed on a first radial side of the first sprocket; second
pendulum mass disposed on a second radial side, opposite the
first radial side, of the first sprocket; and at least one connec-
tion element fixedly secured to the first and second pendulum
masses and passing through the at least one opening. The at
least one connection element is displaceable within the at
least one opening in radial and circumferential directions.

According to aspects illustrated herein, there is provided a
method of fabricating a chain or belt drive assembly, includ-
ing: fixedly securing at least one connection element to at
least one first pendulum mass; passing the at least one con-
nection element through at least one opening in a first
sprocket, the at least one opening passing through material
forming the sprocket and wholly surrounded by the material
forming the first sprocket; disposing the at least one first
pendulum mass on a first radial side of the first sprocket;
fixedly securing the at least one connection element to at least
one second pendulum mass disposed on a second radial side
of'the first sprocket, opposite the first radial side; engaging a
continuous chain or belt with a first plurality of radially out-
wardly extending protrusions on the first sprocket; and engag-
ing the continuous chain or belt with a second plurality of
radially outwardly extending protrusions on a second
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sprocket. The at least one connection element is displaceable
within the at least one opening in radial and circumferential
directions.

According to aspects illustrated herein, there is provided an
engine timing chain assembly, including a first sprocket with:
a first plurality of radially outwardly extending protrusions;
and a plurality of pairs of first and second openings, each first
and second opening passing through material forming the
sprocket and wholly surrounded by the material forming the
first sprocket; a second sprocket including a second plurality
of radially outwardly extending protrusions; a continuous
chain or belt engaged with the first and second pluralities of
protrusions; and a plurality of pendulum mass assemblies,
each pendulum mass assembly including: a respective first
pendulum mass disposed on a first radial side of the first
sprocket; a respective second pendulum mass disposed on a
second radial side, opposite the first radial side, of the first
sprocket; and a respective pair of first and second connection
elements fixedly connected to the respective first and second
pendulum masses. Each first connection element passes
through a respective first opening. Each second connection
element passes through a respective second opening. Each
first connection element is displaceable within the respective
first opening in radial and circumferential directions. Each
second connection element is displaceable within the respec-
tive second opening in the radial and circumferential direc-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a front view of an engine timing chain assembly;

FIG. 2 is detail of area 2 in FIG. 1;

FIG. 3 is partial perspective view of a sprocket in FIG. 1;

FIG. 4 is a perspective view of a pendulum mass; and,

FIG. 5 is a schematic block diagram of an engine with a
timing chain assembly.

DETAILED DESCRIPTION

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

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

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

FIG. 1 is a front view of a chain or belt drive assembly.

FIG. 2 is detail of area 2 in FIG. 1.

FIG. 3 is partial perspective view of a sprocket in FIG. 1.

FIG. 4 is a perspective view of a pendulum mass. The
following should be viewed in light of FIGS. 1 through 4.
Chain or belt drive assembly 100 includes sprockets 102 and
104, at least one pendulum mass assembly 106, camshaft 107
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non-rotatably connected to continuous chain or belt 108.
Sprockets 102 and 104 include radially outwardly extending
protrusions 110 and 112, respectively, engaged with the chain
or belt. Sprocket 102 includes at least one opening 114 pass-
ing through material forming sprocket 102 and wholly sur-
rounded by the material forming sprocket 102. Each pendu-
lum mass assembly 106 includes pendulum masses 116 and
118 and at least one connection element 120. Mass 116 is
disposed on radial side 122 of sprocket 102, and pendulum
mass 118 is disposed radial side 124, opposite radial side 122
of'sprocket 102. The at least one connection element is fixedly
secured to masses 116 and 118 and passing through the at
least one opening. The at least one connection element is
displaceable within the at least one opening in radial direc-
tions 126 and 128 and in circumferential directions 130 and
132 (with respect to axis of rotation 134 for sprocket 102).

FIG. 5 is a schematic block diagram of an engine with a
timing chain assembly. The following should be viewed in
light of FIGS. 1 through 5. In an example embodiment,
assembly 100 is an engine timing chain assembly for engine
136. Camshaft 107 includes a plurality of lobes 138 that
control operation of valve train 140. Four lobes are shown for
purposes ofillustration; however, it should be understood that
any number of lobes are possible.

In an example embodiment, the at least one opening
includes a plurality of openings 114 and the at least one
pendulum mass assembly includes a plurality of pendulum
mass assemblies 106. Each pendulum mass assembly
includes a respective pendulum mass 116, a respective pen-
dulum mass 118, and a respective at least one connection
element fixedly secured to the respective masses 116 and 118
and passing through a respective at least one opening 114.

In an example embodiment, the at least one opening pass-
ing includes openings 114A and 114B and the at least one
connection element includes connection elements 120A and
120B passing through openings 114A and 114B, respectively.
Connection element 120A is displaceable within opening
114A in the directions 126, 128, 130, and 132, and connection
element 120B is displaceable within opening 114B in direc-
tions 126, 128, 130, and 132.

In an example embodiment, the at least one opening
includes respective pairs of openings 114A and 114B and the
at least one connection element includes respective pairs of
connection elements 120A and 120B. As noted above, each
connection element 120A passes through a respective open-
ing 114A and is displaceable within the respective opening
114A in directions 126, 128, 130, and 132. As noted above,
each connection element 120B passes through a respective
opening 114B and is displaceable within the respective open-
ing 114B in directions 126, 128, 130, and 132.

In an example embodiment, mass 116 and/or mass 118
have uniform dimension 142 in radial direction 126 or 128. In
an example embodiment, mass 116 and/or mass 118 have
uniform dimension 144 in circumferential direction 130 or
132. In an example embodiment, assembly 100 includes ten-
sioner 146 including actuator 148, blade 150 and guide 152.
Blade 150 and guide 152 are each in contact with the belt or
chain. Actuator 148 is arranged to displace the blade to con-
trol a tension of the belt or chain.

Advantageously, assemblies 106 attenuate undesirable
torque variation for the camshaft and undesirable vibration of
the chain or belt due to torque variation for the camshaft. For
example, assemblies 106 attenuate undesirable torque varia-
tion for camshaft 107 associated with operation, in particular
oscillation, of an internal combustion engine arranged for
connection to assembly 100. Assemblies 106 also attenuate
undesirable vibration of the chain or belt due to torque varia-
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tion for the camshaft. For example, as noted above, when
assembly 100 is an engine timing chain, the torque variation
is typically dominated by second, third, and fourth order
oscillations for four cylinder, six cylinder, and eight cylinder
engines, respectively. The chain vibration also is dominated
by the preceding oscillations. To attenuate the torque varia-
tion and chain vibration, the configuration and parameters of
the components of assembly 106 can be selected as follows:

1. Select the number of openings in pairs on sprocket 102.
For example, select one, or two, or three pairs of openings in
sprocket 102 based on the total mass of pendulum required to
dampen the angular oscillation of the sprocket.

2. Select dimensions of openings 114 and locations of
openings 114 in sprocket 102;

3. Select masses and dimensions of masses 116 and 118;

4. Selecting masses and dimensions of connection ele-
ments 120; or,

5. Select locations of connection points for connection
elements 120 on masses 116 and 118.

According to aspects illustrated herein, there is provided a
method of fabricating a chain or belt drive assembly. The
following should be viewed in light of FIGS. 1 through 5.
Although the method is presented as a sequence of steps for
clarity, no order should be inferred from the sequence unless
explicitly stated. A first step fixedly secures at least one con-
nection element, such as element 120, to at least one pendu-
lum mass, such as mass 116. A second step passes the at least
one connection element, such as element 120, through at least
one opening, such as opening 114 in a sprocket, such as
sprocket 102. The at least one opening passing through mate-
rial forming the sprocket and is wholly surrounded by the
material forming the first sprocket.

A third step disposes the at least one pendulum mass on a
radial side of the sprocket, for example, disposing mass 116
on side 122. A fourth step fixedly secures the at least one
connection elementto at least one other pendulum mass, such
as mass 118, disposed on another radial side of the sprocket,
such as side 124. A fifth step engages a continuous chain or
belt, such as chain or belt 108 with a plurality of radially
outwardly extending protrusions, such as protrusions 110 on
a sprocket such as sprocket 102. A sixth step engages the
continuous chain or belt with a plurality of radially outwardly
extending protrusions, such as protrusions 112, on another
sprocket, such as sprocket 104. The at least one connection
element is displaceable within the at least one opening in
radial and circumferential directions, such as directions 126,
128, 130, and 132.

In an example embodiment: fixedly securing the at least
one connection element to at least one pendulum mass
includes securing two respective connection elements, such
as 120A and 120B, to each pendulum mass, such as masses
116 and 118, from a plurality pendulum masses; and passing
the at least one connection element through at least one open-
ing in the sprocket includes passing the two respective con-
nection elements through respective openings, such as open-
ings 114A and 114B, in the sprocket such as sprocket 102. In
an example embodiment: fixedly securing the at least one
connection element to the at least one other pendulum mass
includes fixedly securing the two respective connection ele-
ments to two respective other pendulum masses, such as mass
118, from a plurality of other pendulum masses. The respec-
tive connection elements are displaceable within the respec-
tive openings in the radial and circumferential directions,
such as directions 126, 128, 130, and 132. The respective
other connection elements are displaceable within the respec-
tive other openings in the radial and circumferential direc-
tions, such as directions 126, 128, 130, and 132.



US 9,086,115 B2

S

In an example embodiment, the method includes: selecting
a number of openings, such as openings 114, in the sprocket,
such as sprocket 102, to attenuate torque variation and vibra-
tion associated with operation of an internal combustion
engine arranged for connection to the chain or belt drive
assembly; or selecting dimensions of the at least one opening
and a location of the at least one opening in the sprocket to
attenuate torque variation and vibration associated with
operation of an internal combustion engine arranged for con-
nection to the chain or belt drive assembly; or, selecting
respective masses and dimensions of the at least one pendu-
lum mass, such as mass 116, the at least one other pendulum
mass, such as mass 118, and the at least one connection
element, such as element 120, to attenuate torque variation
and vibration associated with operation of an internal com-
bustion engine arranged for connection to the chain or belt
drive assembly; or, selecting respective locations of connec-
tion points of the at least one connection element, such as
element 120, to the at least one pendulum mass, such as mass
116, and the at least one other pendulum mass, such as mass
118, to attenuate torque variation and vibration associated
with operation of an internal combustion engine arranged for
connection to the chain or belt drive assembly.

In an example embodiment, the method includes engaging
ablade, such as blade 150, and a guide, such as guide 152, for
atensioner, such as tensioner 146, with the belt or chain, such
as belt or chain 108. The tensioner includes actuator 148
arranged to displace the blade to control a tension of the belt
or chain.

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

The invention claimed is:
1. A chain or belt drive assembly, comprising:
a first sprocket including:

a first plurality of radially outwardly extending protru-
sions; and,

at least one opening passing through material forming
the sprocket and wholly surrounded by the material
forming the first sprocket;

a camshaft non-rotatably connected to the first sprocket;

a second sprocket including a second plurality of radially
outwardly extending protrusions;

acontinuous chain or belt engaged with the first and second
pluralities of protrusions; and,

at least one pendulum mass assembly including:

a first pendulum mass disposed on a first radial side of
the first sprocket;

a second pendulum mass disposed on a second radial
side, opposite the first radial side, of the first sprocket;
and,

at least one connection element fixedly secured to the
first and second pendulum masses and passing
through the at least one opening, wherein:

the at least one connection element is displaceable within
the at least one opening in radial and circumferential
directions.

2. The assembly of claim 1, wherein:

the at least one opening includes a plurality of openings;

the at least one pendulum mass assembly includes a plu-
rality of pendulum mass assemblies;
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each pendulum mass assembly in the plurality of pendulum

mass assemblies includes:

a respective first pendulum mass disposed on the first
radial side of the first sprocket;

a respective second pendulum mass disposed on the
second radial side, opposite the first radial side, of the
first sprocket; and,

at least one respective connection element fixedly
secured to the respective first and second pendulum
masses and passing through a respective at least one
opening from the plurality of openings; and,

the at least one respective connection element is displace-

able within the respective at least one opening in the

radial and circumferential directions.

3. The assembly of claim 1, further comprising

a tensioner including an actuator, a blade in contact with

the belt or chain, and a guide in contact with the belt or

chain, wherein:

the actuator is arranged to displace the blade to control a

tension of the belt or chain.

4. The assembly of claim 1, wherein

the at least one opening passing includes first and second

openings;

the at least one connection element includes first and sec-

ond connection elements passing through the first and

second openings, respectively;

the first connection element is displaceable within the first

opening in the radial and circumferential directions;

and,

the second connection element is displaceable within the

second opening in the radial and circumferential direc-

tions.

5. The assembly of claim 1, wherein:

the at least one opening includes respective pairs of first

and second openings;

the at least one connection element includes respective

pairs of first and second connection elements;

each first connection element passes through a respective

first opening;

each second connection element passes through a respec-

tive second opening;

each first connection element is displaceable within the

respective first opening in the radial and circumferential

directions; and,

each second connection element is displaceable within the

respective second opening in the radial and circumfer-

ential directions.

6. The assembly of claim 1, wherein:

the chain or belt drive assembly is an engine timing chain

arranged for installation in an internal combustion

engine; and,

the camshaft includes a plurality of lobes arranged to con-

trol a valve train for the internal combustion engine.

7. The assembly of claim 1, wherein the first or second
pendulum mass has a uniform dimension in a radial direction
orthogonal to an axis of rotation for the first sprocket.

8. A method of fabricating chain or belt drive assembly,
comprising:

fixedly securing at least one connection element to at least

one first pendulum mass;

passing the at least one connection element through at least

one opening in a first sprocket, the at least one opening

passing through material forming the sprocket and
wholly surrounded by the material forming the first
sprocket;

disposing the at least one first pendulum mass on a first

radial side of the first sprocket;
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fixedly securing the at least one connection element to at
least one second pendulum mass disposed on a second
radial side of the first sprocket, opposite the first radial
side;

non-rotatably connecting a camshaft to the first sprocket;

engaging a continuous chain or belt with a first plurality of
radially outwardly extending protrusions on the first
sprocket; and,

engaging the continuous chain or belt with a second plu-
rality of radially outwardly extending protrusions on a
second sprocket, wherein:

the at least one connection element is displaceable within
the at least one opening in radial and circumferential
directions.

9. The method of claim 8, wherein:

fixedly securing the at least one connection element to the
at least one first pendulum mass includes securing
respective first and second connection elements to each
first pendulum mass from a plurality of first pendulum
masses;

passing the at least one connection element through the at
least one opening in the first sprocket includes passing
the respective first and second connection element
through respective first and second openings in the first
sprocket;

fixedly securing the at least one connection element to the
at least one second pendulum mass includes fixedly
securing the respective first and second connection ele-
ments to respective second pendulum masses from a
plurality of second pendulum masses;

the respective first connection elements are displaceable
within the respective first openings in the radial and
circumferential directions; and,

the respective second connection elements are displace-
able within the respective second openings in the radial
and circumferential directions.

10. The method of claim 8, further comprising:

selecting a number of openings included in the at least one
opening to attenuate torque variation and vibration asso-
ciated with operation of an internal combustion engine
arranged for connection to the chain or belt drive assem-
bly; or,

selecting dimensions of the at least one opening and a
location of the at least one opening in the first sprocket to
attenuate torque variation and vibration associated with
operation of an internal combustion engine arranged for
connection to the chain or belt drive assembly; or,

selecting respective masses and dimensions of the at least
one first and second pendulum masses and the at least
one connection element to attenuate torque variation and
vibration associated with operation of an internal com-
bustion engine arranged for connection to the chain or
belt drive assembly; or,
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selecting respective locations of connection points of the at
least one connection element to the at least one first and
second pendulum masses to attenuate torque variation
and vibration associated with operation of an internal
combustion engine arranged for connection to the chain
or belt drive assembly.

11. The method of claim 8, further comprising:

engaging a blade and a guide for a tensioner with the belt or
chain, wherein the tensioner includes an actuator
arranged to displace the blade to control a tension of the
belt or chain.

12. The method of claim 8, wherein:

the chain or belt drive assembly is an engine timing chain
arranged for installation in an internal combustion
engine; and,

the camshaft includes a plurality of lobes arranged to con-
trol a valve train for the internal combustion engine.

13. An engine timing chain assembly, comprising:

a first sprocket including:

a first plurality of radially outwardly extending protru-
sions; and,

aplurality of pairs of first and second openings, each first
and second opening passing through material forming
the sprocket and wholly surrounded by the material
forming the first sprocket;

a second sprocket including a second plurality of radially
outwardly extending protrusions;

a continuous chain or belt engaged with the first and second
pluralities of protrusions; and,

a plurality of pendulum mass assemblies, each pendulum
mass assembly including:

a respective first pendulum mass disposed on a first
radial side of the first sprocket;

a respective second pendulum mass disposed on a sec-
ond radial side, opposite the first radial side, of the
first sprocket; and,

arespective pair of first and second connection elements
fixedly connected to the respective first and second
pendulum masses, wherein:

each first connection element passes through a respective
first opening;

each second connection element passes through a respec-
tive second opening;

said each first connection element is displaceable within
the respective first opening in radial and circumferential
directions; and,

said each second connection element is displaceable within
the respective second opening in the radial and circum-
ferential directions.

#* #* #* #* #*



