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Title of the Invention

RANDOMIZED CHAIN SPROCKET

AND METHOD FOR MAKING A SPROCKET

5
Field of the Invention
The invention relates to chain and sprocket drives, and more particularly, to a
sprocket having reduced noise and vibrations.
10

Background of the Invention

Internal combustion engines use timing chain drive systems which comprise a
chain and sprockets. Example chain configurations known in the art include;
15 inverted teeth (IT) chains, bush chains and roller chains. Due to the impact of
the chain on the sprocket during meshing, the chain generates vibration and
noise. Due to the uniform distribution of the sprocket teeth along the sprocket
perimeter, vibration and noises occur at fundamental meshing frequency and
this frequency is in positive integer multiples. The fundamental meshing fre-

20 quency for a single loop timing chain in Hertz is given by the formula:

V= (nengine / 60) X Zcrank

wherein Nengine IS the engine angular velocity in rpm and zgank is the crankshaft

25 sprocket number of teeth.
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Conventionally, in order to reduce noise and vibration, the uniform teeth distri-
bution of the sprocket teeth around the sprocket perimeter is altered and hence
the time interval between two consecutive impacts are unequal. This breaks
the uniform pattern and hence the noise and vibrations are spread around a
broader spectrum of frequencies while the amplitude of the meshing orders are
decreased and eventually masked by the engine noise generated by source
other than the chain meshing. An attenuation of the unpleasant meshing pure
tones is expected but not necessarily a decrease of the overall noise and vibra-

tion level.

Summary of the Invention

The invention provides a chain and sprocket drive system using a chain with a
constant pitch and a sprocket wherein some of the adjacent tooth gaps have
different tooth gap radial locations. This provides a construction with reduced
noise and vibrabtion. In an embodiment using a roller chain, by varying the root
radial locations of some of the adjacent roots, the time interval between contact

of the roller and the sprocket is varied and hence the uniform pattern is broken.

Specifically, a set of four consecutive roots is employed where the middle two
roots have different root radial locations than the other two roots. Preferably,

the four consecutive roots have at least two different link angles.
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One method for making the sprocket comprises forming a circle defined by the
pitch radius of the sprocket; forming a polygon having sides which are equal to
the chain pitch inside the circle; and then changing the shape of the polygon
while maintaining the length of the sides of the polygon in order to arrive at

different link angles.

A preferred method for making the sprocket comprises forming a trapezoid with
a base having a length equal to the distance between a center of a pin in a first
tooth gap and a center of a pin in a fourth tooth gap of a set of four consecutive
tooth gaps, the top and legs of the trapezoid having a length equal to the chain
pitch; changing the shape of the trapezoid while maintaining the length of the
sides of the trapezoid; and determining a tooth gap radial location for each
tooth gap of the set of four consecutive tooth gaps based on assigning each
vertex of the changed trapezoid as the center of a pin positioned in one of the

tooth gaps of the set of four consecutive tooth gaps.

Broadly, the chain and sprocket drive of the invention include: a chain having
pins interconnected by links, each of the pins having a central axis and a chain
pitch defined as a distance between the central axis of adjacent pins, the chain
pitch being constant. The chain configuration includes, but is not limited to,
roller chains, bush chains and inverted teeth (IT) chains. A sprocket having
teeth and tooth gaps is spaced about the periphery of the sprocket, one of each
of the tooth gaps is located between adjacent teeth for receiving one of the
rollers bushes or link teeth. Each of the tooth gaps has a tooth gap radial loca-

tion defined as a distance between the center of the sprocket and a point lo-
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cated to the chain pin center of a fully seated link in a radial direction. At least
one set of four consecutive tooth gaps is defined as a first tooth gap, a second
tooth gap, a third tooth gap and a fourth tooth gap, The first tooth gap and the
fourth tooth gap have the same tooth gap radial location, and the second tooth
gap and the tooth gap root have a different tooth gap radial location from each

other and from the first and the fourth root.

In one embodiment, the set of four consecutive tooth gaps has two different link
angles, a first link angle defined by an angle between a first link center line
and a second link center line and the second link angle defined as an angle
between the second link center line and a third link center line. The first link
center line is defined by the central axis of a pin in the first tooth gap and the
central axis of a pin in the second tooth gap. The second link center line is de-
fined by the central axis of a pin in the second tooth gap and the central axis of
a pin in the third tooth gap. The third link center line is defined by the central

axis of a pin in the third tooth gap and the central axis of a pinin the fourth tooth

gap.

One method of the invention for making a sprocket with reduced noise and vi-
bration for a chain and sprocket drive broadly includes: selecting a uniform
chain having pins interconnected by links, each of the pins having a central
axis and a chain pitch defined as a distance between the central axis of adja-
cent pins, the chain pitch being constant. Next, a uniform sprocket is selected
which has a plurality of uniform teeth and uniform tooth gaps spaced about the

periphery of the sprocket, one of each of the uniform tooth gaps is located be-
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tween adjacent uniform teeth. Each of the uniform tooth gaps has a tooth gap
radial location defined as a distance between the center of the uniform sprocket
and a point located at the chain pin center of a fully seated link in a radial di-
rection, each uniform tooth gap having the same tooth gap radial location. A
pitch circle, having a radius defined as a distance between the center of the
uniform sprocket and the central axis of a pin is drawn in one of the uniform
tooth gaps. A uniform sprocket polygon is positioned inside the pitch circle, with
every vertex of the polygon touching the pitch circle and each side of the poly-
gon being equal to the chain pitch. A first random sprocket polygon is formed
by altering the vertices between the sides of the uniform polygon while main-
taining the length of each side. A first vertex angle is determined in a vertex of
the first random polygon and a first supplementary angle of the first vertex an-
gle. A second random sprocket polygon is formed that is different than the first
random polygon, by altering the vertices between the sides of the uniform
polygon while maintaining the length of each side. Next, a second vertex angle
is determined in a vertex of the second random polygon and a second supple-
mentary angle of the second vertex angle. A random sprocket is made having
random teeth and random tooth gaps spaced about the periphery of the ran-
dom sprocket. One of each of the random tooth gaps is located between adja-
cent random teeth. Each of the random tooth gaps has a tooth gap radial loca-
tion defined as a distance between the center of the random sprocket and a
point located at the chain pin center of a fully seated link in a radial direction.
At least one set of four consecutive random tooth gaps is defined as a first

tooth gap , a second tooth gap, a third tooth gap and a fourth tooth gap.
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The first tooth gap and the fourth tooth gap have the same tooth gap radial
location, and the second tooth gap and the third tooth gap have a different
tooth gap radial location from each other and from the first and the fourth tooth
gap. The set of four consecutive random tooth gaps has two different link an-
gles. A first link angle is defined by an angle between a first link center line
and a second link center line and the second link angle is defined as an angle
between the second link center line and a third link center line. The first link
center line is defined by the central axis of a pin in the first tooth gap and the
central axis of a pin in the second tooth gap. The second link center line is de-
fined by the central axis of a pin in the second tooth gap and the central axis of
a pin in the third tooth gap. The third link center line is defined by the central
axis of a pin in the third tooth gap and the central axis of a pin in the fourth
tooth gap. One of the two different link angles is equal to the first supplemen-
tary angle and the second of the two different link angles is equal to the second

supplementary angle.

Another method for making a sprocket includes: selecting a uniform chain hav-
ing pins interconnected by links, each of the pins having a central axis and a
chain pitch defined as a distance between the central axis of adjacent pins, the
chain pitch being constant. A uniform sprocket is selected having a plurality of
uniform teeth and uniform tooth gaps spaced about the periphery of the spro-
cket. One of each of the uniform tooth gaps is located between adjacent uni-
form teeth. Each of the uniform tooth gaps has a tooth gap radial location de-
fined as a distance between the center of the uniform sprocket and a point lo-

cated at the chain pin center of a fully seated link in a radial direction, each
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uniform tooth gap having the same tooth gap radial location. A uniform trape-
zoid is formed with a base having a length equal to the distance between a
center of a pin in a first tooth gap and the center of a pin in a fourth uniform
tooth gap of a set of four consecutive uniform tooth gaps of the uniform
sprocket. The top and legs of the uniform trapezoid equal in length to the chain
pitch. A quadrilateral is formed by moving vertices of the uniform trapezoid
while maintaining the length of each side. A random sprocket is made having at
least one set of four consecutive random tooth gaps by assigning each vertex
of the quadrilateral to a center of one of four consecutive pins in the uniform
chain and positioning the four consecutive pins in the four consecutive random

tooth gaps.

Preferably, the two vertices of the trapezoid that form the ends of the base are
not moved while the two vertices that form the ends of top of the trapezoid are

moved.

In another embodiment, the sprocket of the present invention has a set of four
consecutive random tooth gaps with a first tooth gap radial location and a
fourth tooth gap radial location measuring the same, the second tooth gap ra-
dial location is less than the first tooth gap radial location and the third tooth
gap radial location is greater than the first tooth gap radial location. Alterna-
tively, the first and the fourth tooth gap radial locations are the same while the
second tooth gap radial location is greater than the first tooth gap radial loca-

tion and the third root radial location is less than the first root radial location.
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The sprocket of the present invention can also have more than one set of the

four consecutive random tooth gaps.

These and other aspects of the present invention may be more readily under-

stood by reference to one or more of the following drawings.

Figure 1

Figure 2

Figure 2’

Figure 3

Figure 4

Figure 5

Figure 5’

Brief Description of the Drawings

illustrates the chain and sprocket drive assembly, including an
example roller chain known in the art;

illustrates in more detail the sprocket of the present invention for
roller and bush chains;

illustrates in more detail the sprocket of the present invention for
IT chains

illustrates the uniform and random polygon for designing the spro-
cket of the invention;

illustrates the preferred method for making the sprocket using a
trapezoid;

illustrates a sprocket with a plurality of non-uniform tooth gap pat-
terns for roller and bush chans; and

illustrates a sprocket with a plurality of non-uniform tooth gap pat-

terns for IT chains.
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Detailed Description of the Invention

Figure 1 illustrates a roller chain drive system 10 which is rotated in the direc-
tion of arrow 11. Roller chain drive system 10 has a drive sprocket 12, a driven

sprocket 14, and roller chain 16 which interconnects the two sprockets.

Each sprocket 12 and 14 has sprocket teeth 18 positioned around the periph-
ery of the sprocket. Between each of the sprocket teeth 18 is a tooth gap 20.
Each tooth gap 20 has a tooth gap radial location 22 which is measured from
center 24 of the sprocket to point 26 on the tooth gap closest to center 24. This
point 26 can conventionally be defined as the bottom of tooth gap 20. Pitch
radius 28 is defined as the distance between center 24 of the sprocket and

center 38 of each roller 36 of chain 16 positioned in the tooth gap 20.

Chain 16 has inner links 30 and outer links 32 that interconnect rollers 36. The
links are interconnected by bushings or pins 34. Rollers 36 are positioned be-
tween the links and are freely rotatable. Each roller 36 has a center of rotation
38 about which it rotates. Chain pitch 40 is a measurement between center 38
of adjacent rollers 36. In the present invention, chain 16 has uniform or con-
stant chain pitch. In other words, the distance between center 38 of adjacent

rollers 36 is constant on chain 16.

Turning to Figure 2, Figure 2 illustrates the four consecutive tooth gaps having

different tooth gap radial locations and different link angles. Specifically, first
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tooth gap 20A is adjacent second tooth gap 20B, which in turn is adjacent to
third tooth gap 20C which in turn is adjacent to fourth tooth gap 20D. Each
tooth gap 20A, 20B, 20C, and 20D have a respective tooth gap radial location
labeled 22A, 22B, 22C, and 22D. Positioned in each tooth gap is a respective
roller labeled 36A, 36B, 36C, and 36D. Each roller has a respective center la-

beled 38A, 38B, 38C, and 38D.

The link angles for the four consecutive tooth gaps 20A, 20B, 20C, and 20D
are defined by first center line 50, second center line 52, and third center line
54. First center line 50 is defined by center 38A of roller 36A and center 38B of
roller 36B. Second center line 52 is defined by center 38B of roller 36B and
center 38C of roller 36C. Third center line 54 is defined by center 38C of roller

36C and center 38D of roller 36D.

Two different link angles between the set of four consecutive roots is defined
by arc 56 and angle a1 and arc 58 and angle a.2. As can be seen link angle 56

is different than link angle 58.

It can also be seen that tooth gap radial location 22A and tooth gap radial loca-
tion 22D are the same while tooth gap radial location 22B is less than tooth gap
radial location 22A and 22D. Tooth gap radial location 22C is greater than

tooth gap radial location 22A, 22B, and 22D.



WO 2010/089367 PCT/EP2010/051412

10

15

20

11

Thus, a sprocket made in accordance with Figure 2 has rollers 36 hitting re-
spective tooth gaps 20 at different time intervals thereby breaking the noise

and vibrations.

Figure 2’ shows the sprocket for an IT chain. The pins 39 replace the rollers 36
of Figure 2. Otherwise, the basic concept of Figure 2 applies equally to Figure

2.

Turning to Figure 3, Figure 3 illustrates a method for determining the different
link angles to be used for the set of four consecutive tooth gaps. Pitch circle 60
has a radius 28 which is equal to the pitch radius of a desired sprocket. Inside
of pitch circle 60 is drawn a uniform sprocket polygon 62 having each side
equal in length to chain pitch 40. Uniform sprocket polygon 62 has a vertex
angle 66 and a supplementary angle 68. Supplementary angle 68 equals the
link angle and the link angle of this uniform sprocket has uniform tooth gap

radial locations 22.

In order to arrive at random root radial locations for designing of the sprocket of
the invention, the uniform sprocket polygon is shifted to provide random spro-
cket polygon 64. Random sprocket polygon 64 has the same side walls as
uniform sprocket 62, i.e. each side of random sprocket 64 has a length equal to
chain pitch 40. In order to determine link angles for the random sprocket, sup-
plementary random angle 72 is determined from vertex angle 70 of random

polygon 64. By altering uniform sprocket polygon 62 twice, in different man-
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ners, two different link angles can be arrived at and these link angles can then

be used for forming link angles 56 and 58 of Figure 2.

It will be understood that in altering the polygon to form random polygon 64, the
sprocket must be properly designed so that rollers fully seat in every root and
that edges have equal lengths and the length being equal to the chain pitch so
as to use a chain with constant chain pitch. By ensuring that this is met, proper

chain meshing will be achieved during full sprocket rotation.

Figure 4 illustrates the preferred method for making a random sprocket. Figure
4 illustrates a portion of a sprocket with teeth 74 and four consecutive roots
76A, 76B, 76C, and 76D. For a uniform sprocket, the center of rotation 78A°%,
78A°%, 78A%, and 78A% is shown for each roller. A uniform trapezoid has the
vertices 78A%, 78A%, 78A%, 78A% with base 78A% - 78A%, top 78A°% - 78A%,
and sides or legs 78A% - 78A% and 78A°% - 78A%. Base 78A% - 78A% is paral-
lel to top 78A% -78A%. To form a set of four consecutive tooth gaps with non-
uniform tooth gaps and a sprocket with non-uniform tooth gaps, the vertex
78A% is moved to 78A; and the vertex 78A°% is moved to 78A,. Vertices 78A%
and 78A% remain fixed. Thus a quadrilateral is formed and labeled 78A, 78Aq,
78A,, and 78A;. The vertices of quadrilateral 78Aq, 78A4, 78A,, and 78A; de-
fine the new center of rotation for rollers in tooth gaps 76A, 76B, 76C, and 76D.
Since the rollers have the same diameters, the tooth gap radial location for
tooth gaps 76B and 76C change to accommodate the new centers 78A; and

78A,.
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In forming the quadrilateral the length of the top, base and sides of the trape-

zoid are maintained, only the angle at the vertices is varied.

Mathematically, the non-uniform pattern of the rollers illustrated in Figure 4 can
be determined in such a way that the following equations are met:
o9=360°/z
o ¢ is the angle shown in Figure 4
z is the number of teeth on the sprocket
0.5°<§<5°
0 = deviation angle of the leg as shown in Figure 4.
Bi=ao—0
B1-angle shown in Figure 4

3
2 cos i =1+ 2 (cos ay)

i=1

ZsinfBi=0
i=1

Figure 5 illustrates a non-uniform sprocket 80 with rollers 82, a plurality of non-
uniform patterns, labeled Patterns 1, 2, and 3, repeated several times at differ-
ent locations around the periphery of sprocket 80. Each pattern is different with

the non-uniform tooth gap radial locations arrived at using the methods of the
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invention. The x’s mark roller centers which are not uniform, away from pitch
circle 84. The centers marked with a solid circle are rollers 82 with centers of
rotation on pitch circle 84. Uniform patterns are shown where rollers 82 have a

center of rotation on pitch circle 84.

Preferably Patterns 1, 2, and 3 are different, however, they can be the same.

Figure 5 shows an IT chain sprocket with a number of non-uniform tooth gap
patterns. In this embodiment a uniform tooth pattern is also provided, but is not

mandatory. The centers of the tooth pins are indicated with a “x”. The patterns

are determined based on the methods described in the present application.

As will be understood, an infinite number of random sprocket configurations
can be created by using the methods of the present invention due to the non-
uniform impact intervals that are obtained. The fundamental meshing harmonic

vibration component is lower than the uniform sprocket.

The embodiment shown in Figure 2 is a specific embodiment of the present
invention in that the first and the last tooth gaps are left at a uniform or the
same tooth gap radial location while the second tooth gap is moved farther
away from the uniform location in such a manner that it corresponds to a fully
seated chain roller moving along an arc that has a radius equal to the chain
pitch and centered on the center of the first tooth gap fully seated chain roller
while the third tooth gap is moved more accordingly in order to maintain a uni-

form linear distance between the corresponding fully seated chain roller.
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A trapezoid, also known as a trapezium, is a quadrilateral with two parallel
sides of different length. The longer of two parallel sides is the base and the
shorter of the two parallel sides is the top. As will be appreciated, in the uni-

5 form sprocket, the trapezoid is an isosceles trapezoid.

The figures were chosen for illustration purposes only and are not intended to

limit the invention claimed herein.
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List of Reference Symbols
10 chain roller drive system
11 arrow direction
5 12 drive sprocket

14 driven sprocket
16 roller chain
18 sprocket teeth
20 tooth gaps

10 20A first tooth gap
20B second tooth gap
20C third tooth gap
20D fourth tooth gap
22 tooth gap radial location

15 22A first tooth gap radial location
22B second tooth gap radial location
22C third tooth gap radial location
22D fourth tooth gap radial location
24 center of sprocket

20 26 point on root closest to center, bottom of root
28 pitch radius
30 inner links
32 outer links
34 pin

25 36 rollers
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first rollers

second rollers

third rollers

fourth rollers

center of rotation of roller
pins

chain pitch

sprocket

first center line

second center line

third center line

link angle a1
link angle 0.2

pitch circle

uniform sprocket polygon

random sprocket polygon

vertex angle uniform polygon
supplementary angle uniform polygon
vertex angle random polygon
supplementary angle random polygon
teeth

tooth gaps

roller centers

non-uniform sprocket
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Claims

A chain and sprocket drive comprising:
a chain having pins interconnected by links, each pin having a central
axis and a chain pitch defined as a distance between the central axis of
adjacent pins, the chain pitch being constant;

a sprocket having a plurality of teeth and tooth gaps spaced about
the periphery of the sprocket, each of the tooth gaps being located be-
tween adjacent teeth, each of the tooth gaps having a radial location de-
fined as a distance between the center of the sprocket and a point along
the tooth gaps closest 1o the center of the sprocket in a radial direction;
and

at least one set of four consecutive tooth gaps defined as a first
tooth gap, a second tooth gap, a third tooth gap and a fourth tooth gap,

wherein

the first tooth gap and the fourth tooth gap have a cormmmon radial
location, and the second tooth gap and the third tooth gap have a differ-
ent radial location from each other and from the first and the fourth tooth
gaps, and

the set of four consecutive tooth gaps have two different link an-
gles including a first link angle defined between a first link center line and
a second link ¢enter line and a second link angle defined between the
sacand link center line and a third link center line, the first link center lina
being defined by the central axis of a pin in the first tooth gap and the
central axis of a pin in the second tooth gap, the second link center line
being defined by the central axis of a pin in the second tooth gap and the
central axis of a pin in the third tooth gap, and the third link center line
being defined by the central axis of a pin in the third tooth gap and the

central axis of a pin in the fourth tooth gap.

SUBSTITUTE SHEET (RULE 26)
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The drive of claim 1, whergin

| the first tooth gap radial location and the fourth tooth gap radial lo-
cation are equal, the second tooth gap radial location is less than the first
tooth gap radial location and the third tooth gap radial location is greater
than the first tooth gap radial location.

The drive of claim 1, wherein
there is more than one set of four consecutive tooth gaps.

The drive of claim 1, wherein

the first tooth gap radial location and the fourth tooth gap radial lo-
cation are equal, the second tooth gap radial location is greater than the
first tooth gap radial location, and the third tooth gap radial location is
less than first tooth gap radial location,

The drive of claim 1, wherein

the chain has a roller chain configuration.

The drive of claim 1, wherain

the chain has an inverted toath chain configuration.

The drive of claim 1, wherein

the chain has a bush chain configuration.

A method for making a sprocket with reduced noise and vibration for a
chain and sprocket drive, comprising:

selecting a uniform chain having pins interconnected by links,
each pin having a central axis and a chain pitch defined as a distance
hetween the central axis of adjacent pins, the chain pitch being constant;

selecting a uniform sprocket having a plurality of uniform teeth and
uniform tooth gaps spaced about the periphery of the sprocket, each of

SUBSTITUTE SHEET (RULE 26)
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the uniform tooth gaps being located between adjacent teeth, each of the
uniform tooth gaps having a tooth gap radial location defined as a dis-
tance between the center of the uniform sprocket and a point along the
uniform tooth gap closest to the center of the uniform sprocket in a radial
direction, each uniform tooth gap having the same tooth gap radial loca-
tion,

drawing a pitch circle, having a radius defined as a distance be-
tween the center of the uniform sprocket and the ¢entral axis of a pin in
one of the uniform tooth gaps;

positioning a uniform sprocket polygon inside the pitch circle,
avery vertex of the polygon touching the pitch circle and each side of the
polygon equal to the chain pitch;

forming a first random sprocket polygon by altering the vertices
between the sides of the uniform polygon while maintaining the length of
each side;

determining a first vertex angle in a vertex of the first random
polygon and a first supplementary angle of the first vertex angle;

forming a second random sprocket polygon, different than the first
random polygon, by altering the vertices between the sides of the uni-
form polygon while maintaining the length of each side;

determining a second vertex angle in a vertex of the second ran-
dom polygon and a second supplementary angle of the second vertex
angle;

making a random sprocket having a plurality of random teeth and
random tooth gaps spaced about the periphery of the random sprocket
segment, one of each of the random tooth gaps being located between

SUBSTITUTE SHEET (RULE 26)
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adjacent random teeth, each of the random tooth gaps having a tooth
gap radial location defined as a distance between the center of the ran-
dom sprocket and a point along the random tooth gap closest to the cen-
ter of the random sprocket in a radial direction; and

at least one set of four consecutive random tooth gaps being de-
fined as a first tooth gap, a second tooth gap, a third tooth gap and a
fourth tooth gap, in that order, wherein

the first tooth gap and the fourth tooth gap have the same tooth
gap radial location, and the second tooth gap and the third tooth gap
have a different tooth gap radial location from each other and from the
first and the fourth tooth gap, and

the set of four consecutive random tooth gaps have two different
link angles, including a first link angle defined by an angle between a
first link center line and a second link center line and a second link angle
defined as an angle between the second link center line and a third fink
center line, the first link center line being defined by the central axis of a
pin in the first tooth gap and the central axis of a pin in the second tooth
gap, the second link center line being defined by the central axis of a pin
in the second tooth gap and the central axis of a pin in the third tooth
gap, and the third link ¢enter line being defined by the central axis of a
pin in the third tooth gap and the central axis of a pin in the fourth tooth
gap, and

one of the two different link angles equal to the first supplementary
angle and the second of the two different link angles equal to the second
supplementary angle.

The method of claim 8, whereain
the first tooth gap radial location and the fourth tooth gap radial lo-
cation are the same, the second tooth gap radial location being less than
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the first tooth gap radial location and the third tooth gap radial location
being greater than the first tooth gap radial location.

The method of claim 8, wherein
there is more than one set of four adjacent random tooth gaps.

The method of ¢claim 8, wherain

the first tooth gap radial location and the fourth tooth gap radial lo-
cation are the same, the second radial location is greater than the first
tooth gap radial location and the third tooth gap radial location is less
than the first tooth gap radial location.

The method of ¢claim 8, wherein
the chain has a roller-type chain configuration.

The method of ¢claim 8, wherein
.the chain has an inverted tooth-type chain configuration,

The method of ¢laim 8, wherein
the chain has a bush-type chain configuration.

A method for making a sprocket with reduced noise and vibration for a
chain and sprocket drive comprising:

selecting a uniform chain having pins interconnected by links,
each of the pins having a central axis and a chain pitch defined as a dis-
tance between the central axis of adjacent pins, the chain pitch being
constant;

selecting a uniform sprocket having a plurality of uniform teeth and
uniform tooth gaps spaced about the periphery of the sprocket, each of
the uniform tooth gaps being located between adjacent uniform teeth,
each of the uniform tooth gaps having a tooth gap radial location defined
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as a distance between the center of the uniform sprocket and a point
along the uniform tooth gap closest to the center of the uniform sprocket
in a radial direction, each uniform tooth gap having the same tooth gap
radial location;

forming a uniform trapezoid with a base having a length equal to
the distance between a center of a pin in a first uniform tooth gap and the
center of a pin in a fourth uniform tooth gap of a set of four consecutive
uniform tooth gaps of the uniform sprocket, the top and legs of the uni-
form trapezoid being equal in length to the chain pitch;

forming a quadrilateral by moving vertices of the uniform trapezoid

while maintaining the length of each side; and

making a random sprocket having at least one set of four con-
secutive random tooth gaps by assigning each vertex of the quadrilateral
to a center of one of four consecutive ping in the uniform chain and posi-
tioning the four consecutive pins in the four consecutive random tooth

gaps.
The method of claim 15, wherein
in forming the quadrilateral, the vertices of the base of the trape-

zoid are not moved while the vertices of the top are moved.

The method of claim 15, wherein
the chain has a roller-type ¢hain configuration.

The method of claim 15, wherein
the chain has an inverted tooth-type chain configuration.

The method of claim 15, whergin
the ¢chain has a bush-type chain configuration.

SUBSTITUTE SHEET (RULE 26)



PCT/EP2010/051412

WO 2010/089367

17

N 4

3

o

SUBSTITUTE SHEET (RULE 26)



WO 2010/089367

PCT/EP2010/051412
207
0O
[iw)
Cﬂ\ ¥ p
o)
- w] o,
[ap] "_._
(]
o
[an)
m N
= .
m 0
Q L
<
oD
(o)
5
[np )

42

SUBSTITUTE SHEET (RULE 26)



WO 2010/089367 PCT/EP2010/051412

SUBSTITUTE SHEET (RULE 26)



WO 2010/089367 PCT/EP2010/051412

3/7

Fig. 3

SUBSTITUTE SHEET (RULE 26)



WO 2010/089367 PCT/EP2010/051412

Fig. 4

T6A

SUBSTITUTE SHEET (RULE 26)



WO 2010/089367 PCT/EP2010/051412

6/7

U.IJDJ_IU[']

SUBSTITUTE SHEET (RULE 26)



WO 2010/089367

Pattem 2
fnon-uniform)

77

PCT/EP2010/051412

SUBSTITUTE SHEET (RULE 26)

Pattern 2
{non-unifgrm}



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2010/051412

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16H55/30 F16H55/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16H

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

3 January 2001 (2001-01-03)
figures 1,7

[US] BORG WARNER INC [US])
7 April 1999 (1999-04-07)
figures 1-4

TODD KEVIN B [US])
24 December 2008 (2008-12-24)
figures 1-3

A EP 1 065 408 A2 (BORG WARNER INC [USI) 1-19

A EP 0 907 041 A1l (BORG WARNER AUTOMOTIVE 1-19

A WO 2008/156483 Al (BORG WARNER INC [US]; 1-19

D Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

“A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

“L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

w

G

aye

g

later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of the intemational search

18 March 2010

Date of mailing of the interational search report

30/03/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Hassiotis, Vasilis

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2010/051412
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1065408 A2 03-01-2001 JP 2001032894 A 06-02-2001
us 6213905 Bl 10-04-2001
EP 0907041 Al 07-04-1999 CA 2246131 Al 03-04-1999
CN 1214421 A 21-04-1999
DE 69807407 D1 02-10-2002
DE 69807407 T2 09-01-2003
ES 2183293 T3 16-03-2003
JP 4321891 B2 26-08-2009
JP 11218199 A 10-08-1999
WO 2008156483 Al 24-12-2008  NONE

Form PCT/ISA/210 (patent family annex) {April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

