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Title

Synchronous Belt Sprocket

Field of the Invention

The invention relates to a synchronous belt sprocket

and more particularly, to a synchronous belt sprocket

comprising a groove tip radii being joined to a groove

arcuate conjugate flank portion by a linear flank
r. ) !

portion.

Background of the Invention

Synchronous belt drive systems are used extensively

in industry as substitutes for chain drives or gear

trains to transmit torque and /or translate motion

between shafts .

Belt drives have a pitch line that is displaced from

both the belt and the sprocket teeth and is located

within the belt tensile member. The displaced pitch line

introduces the problem of assuring good entry of a belt

tooth into a sprocket groove with a minimum of

interference at various belt loads and sprocket

diameters .

The belt tooth/sprocket tooth interference problem

is further compounded by belt manufacturing and sprocket

manufacturing tolerances that result in small pitch

differences between the belt teeth and sprocket teeth,

tooling tolerances that result in small differences

between the sprocket tooth and belt tooth flank profiles,

polymer shrinkage during the molding process which

results in a less than ideal belt tooth form, rotation

and deflection of the belt teeth under load resulting in

entry and exit belt tooth/sprocket tooth interference,

and a chordal effect caused by differences in the



sprocket groove depth/ belt tooth height resulting in an

apparent pitch difference between the belt teeth and

sprocket teeth.

This pitch mismatch between the belt teeth and the

sprocket teeth results in the upper portion of the pulley-

tooth, particularly the zone where the sprocket tip radii

intersect with the curvilinear sprocket flanks, scrubbing

the upper portion of the belt tooth flanks eventually

weakening the belt tooth covering resulting in belt tooth
r— >

failure.

Representative of the art is US patent no. 4 , 605,

389 which discloses a toothed power transmission belt

with belt teeth having flank surfaces in the form of a

tractrix curve and a belt sprocket with sprocket teeth

having flank surfaces in the form of a tractrix curve,

together, the belt and sprocket exhibiting smooth running

and antiratcheting characteristics.

What is needed is a sprocket having a groove tip

radii being joined to a groove arcuate conjugate flank

portion by a linear flank portion. The present invention

meets this need.

Summary of the Invention

The primary aspect of the invention is to provide a

sprocket having a groove tip radii being joined to a

groove arcuate conjugate flank portion by a linear flank

portion.

Other aspects of the invention will be pointed out

or made obvious by the following description of the

invention and the accompanying drawings.

The invention comprises a sprocket comprising at

least one groove for engaging a toothed belt, said groove

having a flank, the flank having a groove tip radii (Rl)

of between approximately 105% and approximately 125% of a



belt tooth root radii (R8) when the toothed belt is in

rack form, said groove tip radii being joined to a groove

arcuate conjugate flank portion (200) by a linear flank

portion (202) , and said linear flank portion being

disposed at an angle (Φ) of between approximately 18° to

approximately 24° with respect to a groove centerline (CL)

and comprising a length of at least approximately 20% of

a sprocket groove depth (h) .

r o I

Brief Description of the Drawings

The accompanying drawings, which are incorporated in

and form a part of the specification, illustrate

preferred embodiments of the present invention, and

together with a description, serve to explain the

principles of the invention.

Fig. 1 is a cross-sectional view of a prior art belt

and sprocket meshing engagement.

Fig. 2 is a cross-sectional view of a prior art

groove profile.

Fig. 3 is a cross-sectional view of a prior art belt

construction .

Fig. 4 is a cross-sectional view of an inventive

sprocket groove .

Fig. 5 is a cross-sectional view of a belt tooth

engaged with an inventive sprocket groove.

Fig. 6 is a cross-sectional view of a belt meshing

with an inventive sprocket .

Fig. 6A is a detail of Figure 6 .

Fig. 7 is a cross-sectional view of an inventive

sprocket groove with dimensions.

Fig. 8 shows the outline of the belt tooth engaged

with the sprocket groove profile of Figure 7 .

Fig. 9 is a cross-sectional view of an inventive

sprocket groove with dimensions.



Fig. 10 is a diagram comparing the tooth load

distribution between a prior art belt and a prior art

sprocket and an inventive sprocket .

Detailed Description of the Preferred Embodiment

Fig. 1 is a cross-sectional view of a prior art belt

and sprocket meshing engagement. The outline of a prior

art toothed belt having a tooth height (h2) to tooth base

width (b) ratio of about 0.70 meshes a segment of a 32

tooth prior art sprocket 12 to illustrate how the meshing

characteristics of the belt depends on the shape of its

flank surfaces. While there is no interference fit

between a belt tooth 14 that is fully engaged in a

sprocket cavity 16, the belt tooth 18 entering the

sprocket groove 20 and belt tooth 22 leaving the sprocket

groove 24 have flank surfaces 26, 28 that are so "steep"

that they scrub against the upper portions of the sides

of the sprocket groove flank 30, 32 as is illustrated by

the overlapped areas 34, 36. The scrubbing between the

tooth flank and the groove flank causes noise and may

induce unwanted belt vibration during belt operation. If

the distance between the sprocket flanks is narrowed for

the purpose of facilitating tooth entry and exit without

interference, as for example, by removing tooth material

from the overlapped areas 34, 36, each belt tooth would

merely translate to a position against the sprocket

groove flank where there would again be belt tooth

interference.

Fig. 2 is illustrates the formation of tractrix

curves 92, 94 as used to generate the profiles of a prior

art toothed belt tooth flank surface when the belt teeth

are in rack form.

Generally, a tractrix curve is defined as the

involute of a catenary. A characteristic of a tractrix



curve is that a portion of a tangent remains a constant

length between its point of contact on the curve and a

rectangular coordinate axis. The direction of all the

tangents substantially approximates the relative

direction of movement of a belt tooth as it enters a

sprocket groove without interfering with a sprocket

tooth.

The shape of the tractrix curve 92 for a prior art

tooth flank or groove flank can be expressed in

rectangular coordinates with the following equation:

y = A[\n{A/x + (A /xf - 1 >- N 1 (x/A)2 ]

where :

the y axis is perpendicular to the belt's

longitudinal axis,-

the x axis is parallel to the belt's longitudinal

axis,-

y=the y axis coordinate;

x=the x axis coordinate; and

A=that portion o f a tangent that is a constant

between a point on the tractrix curve and the y axis.

The tractrix curve 92 starts at a point (x, y ) which

corresponds to a point on a belt tooth tip. In the

figure, a point x is located a distance A from the y axis

where a line A also represents a tangent to the curve at

point (x, y ) . At point (x2, y2) , tangent A2 is equal in

length to segment A . As the curve 92 continues, tangent

A3 at point (x3, y3) is equal in length to tangent A2 and

segment A . The curve 92 continues as shown extends as a

dotted line to the point (x4, y4) which is on a

projection of line 93. Line 93 corresponds to the y-axis

coordinate for the location of a belt tooth land surface.

The point (x4, y4) is located a distance h2 from the x



axis which corresponds to the height of a belt tooth.

The curve 92 blends into the line 93 by means of a radius

R .

The tractrix curve 94 is generated in a similar

manner starting at point (x5, y5) which is spaced a

distance L from point (x, y ) . The curve 94 continues to

be generated to the point (x6, y6) which is spaced a

distance b from the point (x4, y4) . The distance b

establishes the base width of a belt tooth.

Fig. 3 is a cross-sectional view of a prior art belt

construction. A typical prior art toothed belt comprises

an elastomeric body 96 that on one side comprises a

plurality of belt teeth 98, and on the other side forms a

back- layer of any desired shape such as smooth 100 or

corrugated 102. The body is molded or cast in known

fashion using any suitable elastomer such as natural

rubbers, synthetic rubbers, or blends thereof; or the

castable elastomers such as polyurethane .

A tensile member 104 is disposed in the body and

defines a pitch line 106 or longitudinal axis around

which bending of the belt takes place during operation.

The tensile member may be made of any suitable high-

modulus material such as spiralled steel cable, fiber

glass cord, aramid fiber such as sold under the trademark

Kevlar or Kevlar 49, or the like. Carbon fiber cord may

also be used for tensile member 104 .

Fiberous material known in the art may optionally be

disposed in the belt teeth to enhance their modulus, and

optionally, a wear resistant fabric 108 may be disposed

as a tooth facing.

Each prior art belt tooth has at least that major

part 110 of its flank surfaces 112, 114 substantially in

the form of a tractrix curve that is generated in the

manner as described in conjunction with FIG. 2 while the



belt teeth are in rack form. The tractrix curve blends

into a land surface 115 by means of a radius R .

Similarly, a radius or a continuation of the tractrix

curve is used to blend into the belt tooth tips 116,

which may have a length L .

The belt teeth are spaced by a pitch P and each have

a base b and a height h2, as viewed in longitudinal

section. The steepness of the flank surfaces has an

effect on ratcheting and is controlled by the ratio A/h2 .
r - * .

The ratio of A/h2 is from approximately 0.55 to 0.90.

The depth of the belt tooth, which also has an

effect on ratcheting, is controlled by the ratio of h/b.

The ratio of h/b is from approximately 0.3 0 to 1.0.

The ratio b/P is partially used to reduce

overlapping interference between a belt tooth and a

sprocket during entry or exit. The ratio of b/P is from

approximately 0.80 to 0.35.

For each of the disclosed ratios the quantity b/2 is

always greater than the quantity (A - x4) to avoid the

tractrix curves 92, 94 from theoretically overlapping

each other.

The description herein of the belt tooth flank

surfaces is for the condition where the belt teeth are in

"rack form", that is, when the y axis is perpendicular to

the pitch line, i.e., the belt is flat as though pressed

upon a flat surface. When the belt bends such as when it

tracks on a sprocket, the y axis is no longer

perpendicular to the pitch line because it remains in a

fixed relationship to the belt tooth.

In accordance with this invention, the sprocket

groove flank 200 is designed conjugate to the belt teeth

previously described, and are separated by the developed

conjugate width plus any desired belt tooth width to

sprocket groove width clearance. The inventive sprocket



groove bottom may be slightly convex, slightly concave or

flat, the form of which is not important to the proper

operation of this invention. The sprocket groove depth

("h" see Fig. 4 ) as measured along the centerline of the

sprocket groove from the outside diameter (ODl) to the

bottom of the sprocket groove is from approximately 2%

less than to approximately 4% greater than the belt tooth

height (h2) as measured from the belt land line to the

belt tooth tip, see Fig. 3 .

The linear portion of the sprocket groove flanks

(202) comprise a length of between approximately 20% to

approximately 50% of the sprocket groove depth (h) . Each

flank portion 202 is disposed at an angle (Φ) of between

approximately 18° and approximately 24° with the sprocket

groove centerline (CL) . The angle Φ in the noted range

is dependent upon the sprocket pitch (P) , sprocket

outside diameter (ODl) and the degree of ratchet

resistance desired. Generally steeper flanks provide a

system with greater ratchet resistance but are less

forgiving of meshing interference.

The sprocket tip radius (Rl see Fig. 7 ) is in the

range of approximately 105% to approximately 125% of the

belt root radii (R8 see Fig. 5 ) when the belt is in rack

form.

This combination of design parameters results in a

sprocket groove that has a "funneling" effect which

guides a belt tooth into position as it enters and exits

the sprocket groove without placing undue localized shear

loads on the belt tooth flank. This results in

significantly longer belt life and better distributes

tooth shear loads to minimize the chordal action and belt

tooth rotation.

Fig. 4 is a cross-sectional view of an inventive

sprocket groove. In this case the portion of the groove



arcuate flank 200 from P3 through P4 is conjugate to the

belt tooth flank 114 described herein and offset from the

centerline CL by the desired sprocket groove to belt

tooth clearance 201, namely P4 to P5. Section 201 is

located at a depth equal to the groove depth (h) .

Flank section 200 comprises radii R2 and R3, see

Fig. 7 . Radii R2 and R3 may be equal (R2=R3) or not equal

(R2≠R3) .

The linear portion 202 of the flank is disposed at

an angle Φ to the sprocket groove centerline CL, which

portion 202 extends tangentially outward from the lower

sprocket groove arcuate flank at point P3 . A sprocket

tip radius (Rl) , which is greater than the belt tooth

root radius (R8) in rack form, extends from a tangent to

the linear sprocket groove flank portion at point P2 to

the sprocket outside diameter ODl.

Figure 5 shows a 14mm pitch prior art belt tooth in

rack form engaged with a 32 groove 14mm sprocket of the

current invention. The groove is somewhat oversize

compared to the belt tooth. In rack form pitch line 106

is linear.

Figure 6 illustrates a prior art belt meshing with a

sprocket of the present invention. Each tooth 14, 18, 22

meshes with a groove 160, 180, 190 respectively. This

figure shows the clearance between the belt tooth upper

flank 114 and root radius R8 see Figs. 5 and 7 and the

sprocket groove upper flank 202 and tip radius Rl (see

Fig. 5 ) . This can be contrasted with the prior art belt

tooth and sprocket groove engagement shown in Figure 1

where no such clearances exist. Fig. 6A is a detail of

Figure 6 .

Figure 7 an embodiment of the present invention. A

14mm pitch sprocket of 32 grooves is described. In this

case, the sprocket groove depth (h) is chosen to be equal



to the belt tooth height (h2) of approximately 0.23".

The lower conjugate portion of the sprocket groove 200

makes up approximately 36.2% of the total groove depth

(h) . Portion 200 is shown here as a combination of

radii, R2 and R3, for illustrative purposes, but may also

comprise a tractrix curve or some other curvilinear

combination that approximates the conjugate of the belt

tooth. The numerical values are examples only and are

not intended to limit the scope of the invention.

The lower flank width of the sprocket groove

measured between points P2 and P2 ' is equal to the belt

tooth conjugate width plus a design clearance (201) of

approximately 0.01 inches. A groove bottom portion, R4 ,

may be slightly concave, but typically approximates a

straight line. The linear upper flank portion 202

extends from point P2 to Pl making an angle of

approximately 23° with the sprocket groove centerline.

Portion 202 comprises a total length of approximately 43%

of the sprocket groove depth (h) measured along the

sprocket groove centerline (CL) . A sprocket groove tip

has a radius Rl of approximately 0.06 inches. Rl engages

a tangent to the sprocket outside diameter at point PO

and a tangent to the linear sprocket groove upper flank

portion at point Pl. Radius Rl is approximately 124% of

the belt tooth root radius (R8) in rack form. The

numerical examples are offered only to illustrate and are

not intended to limit the scope of the invention.

In this Figure 7 the segment between P4 and P5

comprises a slight radius which results in a slightly

concave bottom for the groove. The curve may also be

slightly convex. In Figure 4 the segment is linear.

Therefore, segment P4 to P5 may be curved or linear

without adversely affecting the invention. In this

embodiment flank portion 200 comprises radii R2 , R3 , R4 .



Figure 8 shows the outline of the belt tooth engaged

with the sprocket groove profile of Figure 7 .

A significant degree of improvement of the inventive

system over the prior art, as illustrated by the results

in the following Table 1 , was achieved. Prior art belts

were tested on 32 groove 14mm pitch prior art sprockets

as well as the 32 groove 14mm inventive sprockets using

the designs described in Figures 7 and 9 and a known

industry standard test. The following are the results of

the test program:

TABLE 1
Hours to Belt Failure

Sprocket Type Test #1 Test #2 Angle Φ
Prior art profile (Not tested) 218 hours Curved

Figure 7 profile 598 hours (Not tested) -23°

Figure 9 profile 151 hours 363 hours -18°

Fig. 9 is a cross- sectional view of an inventive

sprocket groove with dimensions . The dimensions are only

provided as an example and are not intended to limit the

scope of the invention. In this embodiment flank portion

200 comprises radii R2, R3, R4, R5 with the upper flank

portion 202 having an angle Φ of 18°.

Fig. 10 is a diagram comparing the tooth load

distribution between a prior art belt and a prior art

sprocket and an inventive sprocket.

Regarding the engagement between a prior art belt

and a prior art sprocket, a shear load is primarily

concentrated at the tooth root (approximately along R8)

intersecting with land surface 115. This can result in

cracking at the tooth root. Root cracks ultimately cause

belt failure.

In the case of the engagement between a prior art

belt and the inventive sprocket, the use of the linear

flank portion 202 causes the shear load to be transferred



to the belt tooth along substantially all of the tooth

flank 114 . This avoids concentrating the shear forces at

a tooth root, thereby significantly increasing the

operating life of the belt.

Although a form of the invention has been described

herein, it will be obvious to those skilled in the art

that variations may be made in the construction and

relation of parts without departing from the spirit and

scope of the invention described herein.



Claims

I claim:

1 . A sprocket comprising:

at least one groove for engaging a toothed belt;

said groove having a flank, the flank having a

groove tip radii (Rl) of between approximately 105% and

approximately 125% of a belt tooth root radii (R8) when
i— > i

the toothed belt is in rack form,-

said groove tip radii being joined to a groove

arcuate conjugate flank portion (200) by a linear flank

portion (202) ; and

said linear flank portion being disposed at an angle

(Φ) of between approximately 18° to approximately 24° with

respect to a groove centerline (CL) and comprising a

length of at least approximately 20% of a sprocket groove

depth (h) .

2 . The sprocket as in claim 1 , wherein:

a sprocket groove depth (h) is in the range of

approximately 2% less than to approximately 4% greater

than a toothed belt tooth height (h2) .

3 . The sprocket as in claim 1 , wherein:

the linear flank portion (202) having a length of

less than approximately 50% of the sprocket groove depth

(h) as measured on the groove centerline (CL) .
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