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to a substrate using the retaining clamp is also disclosed
herein.
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RETAINING CLAMP FOR MOLDED PLASTICS
TECHNICAL FIELD

[0001] The present disclosure relates to over-molded plastics, in particular to clamps for
substantially preventing relative motion between an over-molded plastic component and a

substrate.
BACKGROUND

[0002] Bearings are often incorporated into molded plastic pulleys, which are commonly
used in drive belt applications, such as serpentine drive belt systems for driving front end
accessories in/on a vehicle engine. Typically, a plastic pulley body is over-molded to the
bearing. Changes in speed, load, and temperature can cause an outer race of the bearing to
rotate (slip) relative to the plastic pulley shell. Seal drag from the bearing, grease viscosity,
and roller contact (impacted by ball, cage and raceway design) can also impact an amount

of torque back to the pulley.

[0003] Additionally, variations in temperature of the pulley system can impact slipping
or rotation of the pulley relative to the outer race of the bearing. Bearings are typically
constructed of metal, which has a different coefficient of thermal expansion than the plastic
of the over-molded pulley. The difference in coefficients of thermal expansion between the
bearing and the pulley shell can reduce the clamp load force applied by the molded pulley
back to the bearing outer race. A reduction in the clamp load force reduces the frictional
forces acting between the bearing and the pulley shell. As the system load increases, the
plastic pulley shell tends to pull away from the bearing outer race, which leads to slippage
or rotation of the pulley shell relative to the bearing outer race. Some bearings include
keyways or knurl patterns to prevent slippage, but these bearings are typically very
expensive. Therefore, there exists a need in the art for a cost-effective solution that may
substantially prevent slippage between an over-molded plastic pulley shell and a bearing

outer race.
SUMMARY

[0004] According to one aspect, a clamp for retaining an over-molded plastic component
to a substrate is disclosed that includes a generally annular band having an inner surface
defining an inner cavity for receiving a substrate that is rotatable about a central axis and an

opposing outer surface for receiving an over molded plastic component. The generally
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annular band includes a plurality of retaining features formed in the generally annular band.
The plurality of retaining features extend axially, and each of the plurality of retaining
features defines a trough in the inner surface and a first crest in the outer surface or defines
a coupling portion forming a second crest in the outer surface. The retaining clamp is

rotationally balanced.

[0005] In another aspect, the generally annular band is substantially C-shaped. In
another aspect, the generally annular band has a first end and a second end, and the second
end engages with the first end to form the coupling portion. In another aspect, the
generally annular band includes a plurality of segments interlocked together by the

coupling portion.

[0006] In another aspect, the plurality of retaining features includes two or more of the
retaining features that define the trough in the inner surface and the first crest in the outer
surface. In another aspect, the plurality of retaining features include two or more of the
coupling portions that define the second crests in the outer surface. In another aspect, the
plurality of retaining features includes one of the coupling portions that defines the second
crest in the outer surface and at least one of the retaining features that defines the trough in

the inner surface and the first crest in the outer surface.

[0007] In another aspect, the generally annular band defines a plurality of apertures.
Each of the plurality of apertures is spaced apart from each immediately adjacent one of the
plurality of apertures along the generally annular band between each of the plurality of

retaining features.

[0008] According to another aspect, a pulley body assembly is disclosed that includes a
bearing rotatable about a central axis and having an outer ring having a radial outer surface;
a retaining clamp seated against and concentric about the radial outer surface of the
bearing; and a pulley body molded to the retaining clamp for rotation with the outer ring of
the bearing. The retaining clamp includes a generally annular band having an inner surface
defining an inner cavity having received the bearing and an opposing outer surface having
received the pulley body molded thereto. The retaining clamp also includes a plurality of
retaining features formed in the generally annular band. The plurality of retaining features
extend axially, and each of the plurality of retaining features defines a trough in the inner
surface and a first crest in the outer surface or defines a coupling portion forming a second

crest in the outer surface. The pulley body assembly is rotationally balanced.

-
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[0009] In another aspect, the retaining features of the pulley body assembly include one
or more of the retaining features that define the trough in the inner surface and the first
crest in the outer surface. In another aspect of the previous embodiment, each trough
defined by the one or more retaining features forms an elongate channel against the outer
ring of the bearing, and each trough is filled with material defining the pulley body, thereby
forming part of the pulley body between the outer ring of the bearing and each of the one or

more retaining features.

[0010] In another aspect of the pulley body assembly, the generally annular band extends
around only a portion of the radial outer surface of the bearing. In another aspect of the
pulley body assembly, the generally annular band includes two ends that extend radially
outward, wherein the two ends form a supplemental retaining feature. In another aspect of
the pulley body assembly, the plurality of retaining features include one or more of the
coupling portion that defines the second crest in the outer surface. The coupling portion

couples together a first end and a second end of the generally annular band.

[0011] In another aspect, the generally annular band includes a plurality of segments and
the coupling portions couple together end portions of adjacent ones of the plurality of
segments. In another aspect, the plurality of retaining features includes one of the coupling
portion that defines the second crest in the outer surface and at least one of the retaining

feature that defines the trough in the inner surface and the first crest in the outer surface.

[0012] In another aspect, the generally annular band defines a plurality of apertures
spaced apart from each immediately adjacent one of the plurality of apertures along the
generally annular band between each of the plurality of retaining features. In another
aspect, the retaining clamp has a thermal expansion rate substantially similar to a thermal
expansion rate of the outer ring of the bearing so that the retaining clamp does not separate

from the outer ring of the bearing in response to changes in temperature.

[0013] According to another aspect, a method of making a pulley body assembly is
disclosed that includes providing a bearing rotatable about a central axis and having an
outer ring having a radial outer surface and providing a retaining clamp that is a generally
annular band having an inner surface defining an inner cavity, an opposing outer surface,
and a plurality of retaining features formed in the generally annular band. The plurality of
retaining features extend axially and each of the plurality of retaining features defines a

trough in the inner surface and a first crest in the outer surface or defines a coupling portion
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forming a second crest in the outer surface. The method further includes placing the
retaining clamp against and concentrically about the radial outer surface of the outer ring of
the bearing, so that each trough forms an elongate channel between the annular band and
the outer ring of the bearing; securing the retaining clamp to the outer ring of the bearing;
and  over-molding a pulley body to the radial outer surface of the outer ring of the
bearing and the retaining clamp. Each trough is filled with material defining the pulley
body, thereby forming part of the pulley body between the outer ring of the bearing and the

retaining clamp.
DESCRIPTION OF THE DRAWINGS

[0014] Many aspects of the disclosure can be better understood with reference to the
following drawings. The components in the drawings are not necessarily to scale, emphasis
instead being placed upon clearly illustrating the principles of the present disclosure.
Moreover, in the drawings, like reference numerals designate corresponding parts

throughout the several views.

[0015] FIG. 1A is a cross-sectional top view of a pulley body assembly having a clamp

as disclosed herein.

[0016] FIG. 1B is a side view, in partial cross-section, of the pulley body assembly of
FIG. TA.

[0017] FIG. 2A is a perspective view of an embodiment of the clamp in the pulley body
assembly of FIG. 1A.

[0018] FIG. 2B is a top elevation view of the clamp of FIG. 2A.
[0019] FIG. 2C is a side view of the clamp of FIG. 2A.

[0020] FIG. 3A is a perspective view of another embodiment of the clamp in the pulley
body assembly of FIG. 1A.

[0021] FIG. 3B is a top view of the clamp of FIG. 3A.
[0022] FIG. 3C is a side view of the clamp of FIG. 3A.

[0023] FIG. 4 is a perspective view of another embodiment of the clamp in the pulley
body assembly of FIG. 1A.
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[0024] FIG. 5 is a perspective view of another embodiment of the clamp in the pulley
body assembly of FIG. 1A.

[0025] FIG. 6 is a perspective view of another embodiment of the clamp in the pulley
body assembly of FIG. 1A.

[0026] FIG. 7 is a perspective view of another embodiment of the clamp in the pulley
body assembly of FIG. 1A.

[0027] FIG. 8 is a perspective view of another embodiment of the clamp in the pulley
body assembly of FIG. 1A.

[0028] FIG. 9is a flow diagram illustrating a method for making the pulley body
assembly of FIG. 1A.

DESCRIPTION

[0029] Reference is now made in detail to the description of the embodiments as
illustrated in the drawings. While several embodiments are described in connection with
these drawings, there is no intent to limit the disclosure to the embodiment or embodiments
disclosed herein. On the contrary, the intent is to cover all alternatives, modifications, and

equivalents.

[0030] A pulley generally includes a pulley body and a hub coupled to a shaft, which can
be a driven shaft or a drive shaft (crankshaft). Pulley assemblies for use in engines, in
particular vehicle engines, may also include decoupling mechanisms, isolators, vibration
dampers, or other mechanisms, which may often be used in conjunction with one or more
bearings positioned between the hub and the pulley body to promote smooth rotation of the
pulley body relative to the hub. These bearings may be insert molded into a plastic pulley
body to form an integrated pulley body assembly, which may then be coupled to the hub

and other mechanisms to form a finished pulley.

[0031] Referring to FIGS. 1A-1B, a pulley body assembly 10 as disclosed herein includes
a bearing 12, a pulley body 14, and a clamp 16 positioned between the pulley body 14 and
the bearing 12. The bearing 12 has an inner ring 20, an outer ring 22, and a plurality of
bearing members 24. The inner ring 20 (which is also referred to herein as an inner race)
has an inner radial surface 26 configured to engage with a hub (not shown) of the pulley

and an inner ring raceway 27 (FIG. 1A) facing radially outward and configured to receive
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the plurality of bearing members 24. The inner ring 20 defines an axis of rotation 18 about
which the pulley body assembly 10 rotates. The outer ring 22 (which is also referred to
herein as an outer race) is positioned concentric about the inner ring 20 and has an outer
radial surface 28 and an outer ring raceway 29 (FIG. 1A) facing generally inward and
configured to receive the plurality of bearing members 24. The bearing members 24 may
be ball bearings or other types of bearings. The bearing members 24 are positioned
between the inner ring 20 and the outer ring 22 and are moveable therebetween such that
the outer ring 22 is capable of rotating relative to the inner ring 20. The outer ring 22 of
the bearing 12 may be a metal, such as steel, aluminum, or a composite metal. The
bearings may be roller bearings, ball bearings, or thrust bearings. In addition, the subject
matter disclosed herein may be applied using magnetic bearings or other types of bearings

with alternative or no bearing members 24.

[0032] The pulley body 14 has an inner radial surface 30 (FIG. 1B) and a belt-engaging
surface 32 (FIG. 1B), and the pulley body 14 is positioned concentric about the outer ring
22 of the bearing 12 such that the inner radial surface 30 of the pulley body 14 is adjacent
to and faces towards the outer radial surface 28 of the outer ring 22 of the bearing 12. The
belt-engaging surface 32 is oriented radially outward and is configured to engage with a
continuous loop such as a belt, chain, rope, web, or other driven/driver pulleys where
plastic is over-molded onto a shaft. The belt-engaging surface 32 may be flat, contoured to
receive a rounded belt, or have V-grooves for mating with the V-ribs of a V-ribbed belt or

any other required contoured groove to mate with an endless belt.

[0033] The pulley body 14 is constructed of a polymeric material suitable for use in
vehicle engine applications, which may include, but are not limited to, thermoplastics such
as polyamides, phenolic resins, nylons, filled nylons, or polyethylenes, for example. The
polymeric material may have one or more additives, such as lubricants or reinforcing
materials, for example. The bearing 12 with the retaining clamp 16 secured thereto may be

insert-molded into the polymeric pulley body 14 to create the pulley body assembly 10.

[0034]  Still referring to FIGS. 1A-1B, the retaining clamp 16 is positioned concentrically
with the outer ring 22 of the bearing 12. Specifically, the retaining clamp 16 is located
between the outer ring 22 of the bearing 12 and the pulley body 14. The pulley body 14 is
over-molded to the bearing 12 and retaining clamp 16, respectively. The retaining clamp

16 may be secured to the outer radial surface 28 of the outer ring 22 of the bearing 12 for
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rotation therewith by a securing approach such as, for example, press-fitting, thermal
shrink fitting, interference fitting, hemming, crimping, welding, brazing, bonding, adhering
using an adhesive, other securing approaches, or combinations thereof. The retaining
clamp 16 and the outer ring 22 of the bearing 12 are secured together such that they rotate
together without experiencing rotation of the retaining clamp 16 relative to the outer ring
22 of the bearing 12. In some embodiments, the retaining clamp 16 may be configured to
exert spring forces against the outer ring 22 of the bearing 12 to aid in securing the
retaining clamp 16 to the outer ring 22. The retaining clamp 16 may be constructed of a
rigid material, which may include a metal, such as steel, aluminum, bronze, or other metal
or metal alloy, or a composite material. The thermal expansion of the retaining clamp 16
and the outer ring 22 of the bearing 12 are similar such that variations in temperature do
not cause the clamp 16 to separate from the outer radial surface 28 of the outer ring 22 of
the bearing 12, which may cause the retaining clamp 16 to move relative to the outer ring
22 of the bearing 12. In some embodiments, the retaining clamp 16 may be constructed of

the same material as the outer ring 22 of the bearing 12.

[0035] Referring now to FIGS. 1A-2C, the retaining clamp 16 is a generally annular
band 34 (which may also be referred to herein as body portion 34) having one or more
retaining features 36 protruding radially outward therefrom. In one embodiment, the
annular band 34 may go all the way around the bearing 12 to form an annular ring (as
shown in FIG. 1A and 2A). In another embodiment, the annular band 34 may be an arcuate
clip or a substantially C-shaped band that extends around a portion of the outer ring 22 of
the bearing 12 (as shown in FIG. 4). The annular band 34 of the retaining clamp 16 may
define an interior cavity 35 (FIG. 2A) for receiving the outer ring 22 of the bearing 12. As
labeled in FIG. 1B, an axial width W1 of the annular band 34 may be substantially similar
to or less than an axial width W2 of the outer ring 22 of the bearing 12. The annular band
34 includes an inner radial surface 38 (FIGS. 1A and 2A) configured to engage the outer
radial surface 28 (FIGS. 1A-1B) of the outer ring 22 of the bearing 12. The retaining
clamp 16 is rigidly coupled to the outer ring 22 of the bearing 12. In some embodiments,
the retaining clamp 16 may be rigidly connected to the outer ring 22 by crimping one or
both of the annular band 34 and/or the retaining features 36 to the outer ring 22 of the
bearing 12.
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[0036] A coefficient of friction of the inner radial surface 38 (FIGS. 1A and 2A) of the
annular band 34 may be increased by roughing the inner radial surface 38, adding a knurl
pattern — such as a diamond knurl pattern — to the inner radial surface 38, or bonding a
friction material having a higher coefficient of friction to the inner radial surface 38. In
some embodiments, one or more apertures 72 (shown in FIG. 6) in the retaining clamp 16
may be stamped from the outside inward such that burrs from the stamping process
protrude inward to increase the coefficient of friction of the inner radial surface 38 of the
retaining clamp 16. Increasing the coefficient of friction of the inner radial surface 38
increases the friction between the inner radial surface 38 of the retaining clamp 16 and the
outer radial surface 28 of the outer ring 22 of the bearing 12. Increasing the friction
between the retaining clamp 16 and the outer ring 22 of the bearing 12 may lessen the
clamping force needed to substantially prevent movement of the retaining clamp 16 relative

to the outer ring 22 of the bearing 12.

[0037] The retaining features 36 extend radially outward from the annular band 34 and
engage or otherwise create an interference with the inner radial surface 30 of the pulley
body 14, thereby securing the pulley body 14 against rotation relative to the outer ring 22
of the bearing 12. The retaining features 36 may be formed by outwardly deforming the
annular band 34 such that the retaining features 36 define a crest 76 on the outer surface 40
and a corresponding trough 78 in the inner surface 38 of the annular band 34. One or
more of the retaining features 36 may define a crest 76 extending radially outward and a
trough 78 formed from the space vacated by the outward deformation of the annular band
34 to create the crest 76. When assembled, the crest 76 of each retaining feature 36
provides one or more abutments 74 (FIG. 1A) or protruding surfaces that engage with the
inner radial surface 30 of the pulley body 14 to substantially prevent rotation of the pulley
body 14 relative to the outer ring 22 of the bearing 12. The crests 76 of the retaining
features 36 may be rounded or have squared off corners. The crests 72 of the retaining

features 36 act as keys engaged with keyways in the inner surface 30 of the pulley body 14.

[0038] When the retaining clamp 16 is secured to the outer ring 22 of the bearing 12, the
inner radial surface 38 at each trough 78 of the retaining features 36 may be spaced apart
from the outer radial surface 28 of the outer ring 22 of the bearing 12 to define a gap D
(FIG. 1B) therebetween. When the clamp 16 is secured to the outer ring 22 of the bearing
12, the gap D extends axially the full width W1 (FIG. 1B) of the annular band 34 such that



WO 2017/015195 PCT/US2016/042757

the trough 78 forms an elongated channel between the outer ring 22 of the bearing 12 and
the annular band 34 (shown in FIG. 2A). During the over-molding process, plastic material
of the pulley body 14 flows into and fills the elongated channels formed by each of the
troughs 78. The embodiment in FIG. 1B shows the plastic of the pulley body 14 after
plastic material has filled the elongate channel defined by the trough 78. The plastic
material filling the trough 78 of the retaining feature 36 creates a portion of the pulley body
14 positioned between the annular band 34 of the retaining clamp 16 and the outer ring 22

of the bearing 12.

[0039] The retaining features 36 may also be formed by coupling one or more portions
of the annular band 34 together to define one or more coupling portions 66 (shown in
FIGS. 6 and 8), which protrude outward from the outer radial surface 40 of the annular
band 34 to engage the inner surface 30 of the pulley body 14. The coupling portions 66
may also define a crest 76 and a trough 78 for facilitating engagement of the annular band

34 with the pulley body 14.

[0040] In the embodiment as shown in FIGS. 1A-8, the retaining features 36 are a part of
the annular band 34, however it is to be appreciated that in another embodiment (not
shown) the retaining features may be separate structures that are fixedly secured to an outer
radial surface 40 (FIGS.2A-2B) of the annular band 34. The retaining features 36 may be
distributed evenly (i.e., evenly spaced a distance apart) about a circumference of the clamp
16 such that the retaining clamp 16 is balanced about the axis of rotation 18. The annular
band 34 may define one or more apertures (which are illustrated in FIG. 6 as reference
number 72) therethrough, the apertures providing additional contact points for plastic
material forming the pulley body 14 to be molded directly to the outer ring 22 of the
bearing 12. The edges defining each of the plurality of apertures may provide additional
abutments against movement of the pulley body 14 relative to the outer ring 22 of the
bearing 12. The annular band 34 of the retaining clamp 16 may be a single piece or may

include two or more segments coupled together to form an annular ring.

[0041] The retaining clamp 16 may be rotationally balanced by varying one or more of a
size, shape, number, and position of each of the plurality of retaining features 36; varying
one or more of a size, shape, number, and positioning of the apertures 72 (FIG. 6); or
varying one or more of a shape, width, and thickness of various portions of the annular

band 34.
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[0042] Referring now to FIGS. 2A-2C, the retaining clamp 16 may be an annular ring
generally concentric about the axis of rotation 18 (FIGS. 2B-2C) and may have at least one
or more retaining features 36 protruding outward from the annular band 34. FIG. 2B

shows two retaining features 36 positioned on opposite sides of the annular band 34,
however, it is understood that one or more retaining features 36 may be used in other
embodiments. The annular band 34 may protrude outwardly and/or be outwardly deformed
to create the retaining features 36, each of which defining the crest 76 and the trough 78.
The outwardly protruding retaining features 36 may be formed by casting, sintering,
welding into shape, hemming, cold forming (e.g., cold forming a thin piece of piping or
stamping), other forming process, or combinations thereof. In another embodiment (not
shown), the retaining features 36 may include separate retaining members coupled or
secured to an outer radial surface 40 of the annular band 34 such as by welding or adhering
with an adhesive, for example. Referring to FIG. 3, the retaining clamp 16 may include a
lip or thin flange 42 extending inward from one axial side 44 of the annular band 34, the lip

or flange 42 facilitating formation of the retaining features 36 by a stamping process.

[0043] Referring now to FIG. 4, the clamp 16 may be generally circular or arcuate in
shape with the annular band 34 extending around only a portion of the outer radial surface
28 of the bearing 12 (FIGS 1A-1B). In other words, the band 34 of the clamp 16 extends
less than 360 degrees around the radial surface 28 of the bearing 12 to form an annular
ring. In the embodiment shown in FIG. 4, the annular band 34 has two ends: a first end 46
and a second end 48. The retaining clamp 16 may have one or more retaining features 36
that are outward protrusions or outward deformations of the annular band 34. The first and
second ends 46, 48 of the retaining clamp 16 may be flared radially outward (i.e., bent
radially outward) to provide a supplemental retaining feature 50 to balance the retaining
feature 36 on the opposite side of the retaining clamp 16 or retaining features 36 distributed
about the circumference of the retaining clamp 16. A size and shape of the supplemental
retaining feature 50 may be configured to rotationally balance the retaining clamp 16. In
FIG. 4, the retaining clamp 16 may be secured to the outer ring 22 of the bearing 12 (FIGS.
1A-1B) by welding, brazing, bonding, adhering using an adhesive, or otherwise securing
the clamp 16 to the outer radial surface 28 of the bearing 12 such that the retaining clamp

16 does not slip and rotate relative to the outer ring 22 of the bearing 12.
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[0044] Referring now to FIG. 5, the retaining clamp 16 may have an annular band 34
with a first end 46' and a second end 48' that are engageable with one another to form the
annular shape of the retaining clamp 16. The first end 46' may have a flared portion 52 that
bends and extends radially outward, and the second end 48' may be configured to engage
with the first end 46'. In some embodiments, the second end 48' may have an outward
extending portion 54, a retaining feature portion 56, and an engaging portion 58. The
second end 48' may bend and extend outward from the annular band 34 to form the
outward extending portion 54 and then bend again along a circular path positioned outward
from the annular band 34 to form the retaining feature portion 56, which is similar in shape
to the retaining feature 36 positioned on the opposite side of the retaining clamp 16. The
second end 48' may then bend inward to form the engaging portion 58, which is configured
to overlap with and engage the flared portion 52 of the first end 46' to form the annular
ring. In some embodiments, the second end 48' is configured to interconnect with the first
end 46' by a snap fit. In some embodiments, the second end 48' and the first end 46' are
hemmed together to form a grooved flat lock seam (not shown in FIG. 5). The retaining
feature portion 56 of the second end 48' forms a supplemental retaining feature 50 to
balance the retaining feature 36 on the opposite side of the retaining clamp 16 or the
retaining features 36 evenly spaced about the circumference of the clamp 16. The retaining
clamp 16 may be secured to the outer ring 22 of the bearing 12 (FIGS. 1A-1B) by welding,
brazing, bonding, hemming, adhering using an adhesive, or otherwise securing the

retaining clamp 16 to the outer radial surface 28 of the bearing 12.

[0045] Referring now to FIG. 6, the retaining clamp 16 may include two or more
segments 60, 60' that engage with one another in order to create the annular shape of the
retaining clamp 16. Although only two segments 60, 60' are illustrated in FIG. 6, it is to be
appreciated that the retaining clamp 16 may include more than two segments 60 that are
interlocked with one another. The first and second ends 62, 64 of each segment 60 may be
mateable with complimentary second and first ends 64, 62 of one or more adjacent
segments 60', such as by hemming, to couple the segments 60, 60' together to form the
annular band 34. Mating the ends of adjacent segments 60, 60' defines one or more
coupling portions 66 of the annular band 34. The coupling portions 66 may protrude
outward from the segments 60 to provide for the retaining features 36 that engage with the

inner radial surface 30 of the pulley body 14 to substantially prevent motion of the pulley
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body 14 (FIGS. 1A-1B) relative to the retaining clamp 16 and outer ring 22 of the bearing
12. In one embodiment, the coupling portions 66 may be created by hemming the first end
62 of the segment with the second end 64 of an adjacent segment 60'. In another
embodiment, the coupling portions 66 may include a first interlocking channel 68 and a
second interlocking channel 70. The first interlocking channel 68 may be formed by
bending the first end 62 of the segment 60 outward and back upon itself. The second
interlocking channel 70 may be formed by deforming the second end 64 of the segment 60
outward and then bending a portion of the second end 64 inward and back upon itself.
Thus, the first interlocking channel 68 of one segment 60 interlocks with the second
interlocking channel 70 of an adjacent segment 60'. The coupling portions 66 of the
segments 60 may be crimped, hemmed, welded, brazed, bonded, adhered using an
adhesive, or otherwise secured together to form the annular ring. In one embodiment, the
segments 60 are hemmed together using a grooved flat lock seam 71 to form the retaining
clamp 16. Additionally, the retaining clamp 16 may be press-fit, thermal shrink fit,
interference fit, crimped, hemmed, welded, brazed, bonded, adhered using an adhesive, or
otherwise secured to the outer ring 22 of the bearing 12. In one embodiment, the coupling
portions 66 may define a crest 76 on the outer surface 40 of the annular band 34 and a
trough 78 between the inner radial surface 38 of the annular band 34 and the radial outer
surface 28 of the outer ring 22 of the bearing 12. When the pulley body 14 is over-molded
to the clamp 16 and bearing 12, plastic material from the pulley body 14 may flow into and
fill the trough 78 of the coupling portion 66.

[0046] FIG. 6 shows the retaining clamp 16 having a plurality of apertures 72 extending
through the annular band 34. When installed on the outer ring 22 of the bearing 12 (FIGS.
1A-1B), the apertures 72 provide shallow cavities into which the plastic material of the
pulley body 14 flows and fills during the molding process. This filling of the plastic
material into the cavities formed by the apertures 72 creates additional longitudinal
surfaces 75 or abutments that resist motion of the pulley body 14 (FIGS. 1A-1B) relative to
the outer ring 22 of the bearing 12. The plurality of apertures 72 may have any convenient
shape that provides a longitudinal abutment or surface 75 that acts as a shoulder that may
abut against the pulley body 14 (FIG. 1A-1B), thereby substantially preventing motion of
the pulley body 14 relative to the outer ring 22 of the bearing 12. The size, shape, and

location of one or more of the apertures 72 may be varied to aid in balancing the retaining
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clamp 16 and the pulley body assembly 10. In some embodiments, the apertures 72 may be
stamped through the retaining clamp 16 from the outside radially inward such that the burrs
from the stamping process increase the coefficient of friction of the inner radial surface 38

of the retaining clamp 16.

[0047] Referring now to FIG. 7, the retaining clamp 16 may be an annular ring having
retaining features 36 that may be generally C-shaped when viewed from a top plan view.
The C-shape of the retaining features 36 enables the retaining clamp 16 to be flexible such
that it can open wide enough for the retaining clamp 16 to fit over the outer ring 22 of the
bearing 12 (FIG. 1A-1B). Upon widening the retaining clamp 16, the C-shaped retaining
features 36 function as C-springs to generate a spring force that aids in securing the

retaining clamp 16 against the outer ring 22 of the bearing 12.

[0048] Referring now to FIG. 8, the retaining clamp 16 can have a retaining feature 36
that is a coupling portion 66 that couples together the first end 46 and the second end 48 of
the annular band 34. The coupling portion 66 defines a crest 76 in the outer surface 40 of
the annular band 34. The retaining clamp 16 may additionally have a retaining feature,
designated 36, that defines crest 76' in the outer surface 40 and trough 78 in the inner
surface 40. Retaining feature 36' may be generally C-shaped when viewed from a top plan
view. The C-shape of the retaining feature 36' enables the retaining clamp 16 to be flexible
so that it can open wide for the retaining clamp 16 to fit over the outer ring 22 of the
bearing 12 (FIG. 1A-1B). Upon widening the retaining clamp 16, the C-shaped retaining
features 36' may function as a C-spring to generate a spring force that aids in securing the
retaining clamp 16 against the outer ring 22 of the bearing 12. As shown in FIG. 8, the
annular band 34 may have a plurality of apertures 72 that are spaced a distance apart from
each other along the annular band 34 between the retaining features 36, 36'. The apertures
72 may be longitudinal with respect to the axis of rotation 18 (FIG. 1A-1B). The annular
band 34 may include a narrow portion 80 having a narrower width W3 compared to the
width W1 of the annular band 34. The size, shape, number, and/or position of the apertures
72 and the shape of the narrow portion 80 of the annular band 34 may be configured to

rotationally balance the retaining clamp 16.

[0049] Referring back to FIGS. 1A-1B, the pulley body assembly 10 described herein is
made by providing or utilizing the bearing 12 having the inner ring 20 (inner race), the

outer ring 22 (outer race), and the plurality of bearing members 24. The outer ring 22 has
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an outer radial surface 28. The retaining clamp 16 is positioned around and concentric with
the outer ring 22 of the bearing 12 and secured or coupled into place against the outer
radial surface 28 of the bearing 12 by press-fitting, thermal shrink fitting, interference
fitting, crimping, hemming, welding, brazing, bonding, adhering using an adhesive, other
securing means, or combinations thereof. The pulley body 14 is then over-molded to the
outer radial surfaces 28, 40 of the bearing 12 and retaining clamp 16, respectively, such
that the retaining features 36 of the clamp 16 extend radially outward and into the pulley
body 14. In some embodiments, the plastic of the pulley body 14 flows radially inward to
fill any apertures defined by the annular band 34 of the retaining clamp 16 and/or any
elongated channels formed by each trough 78 defined between the retaining features 36 of
the retaining clamp 16 and the outer ring 22 of the bearing 12. The retaining features 36
and/or apertures create irregularities in the outer radial surface 40 of the annular band 34 of
the clamp 16. Through the over-molding process, the inner radial surface 30 of the pulley
body 14 conforms to the outer radial surface 40 of the retaining clamp 16 and the
irregularities thereon created by the retaining features 36 and/or apertures 72. These
surface irregularities become part of the boundary between the retaining clamp 16 and the
pulley body 14. The irregularities may include various longitudinal abutments 74 or
longitudinal shoulders engaged with the plastic of the pulley body 14 to substantially
prevent the pulley body 14 from moving relative to the outer ring 22 of the bearing 12.

The over-molding process may further include placing the bearing 12, with the retaining
clamp 16 secured thereabout, into a mold, closing the mold, injecting the polymeric
material into the mold, curing the polymeric material, releasing the mold, ejecting or
removing the finished pulley body assembly 10, and retaining the pulley body assembly 10
for incorporation into a pulley. In some embodiments, the over-molding process further
includes injecting the polymeric material in the mold at a pressure high enough for the

polymeric material to deform the retaining features 36 of the retaining clamps 16.

[0050] The retaining clamp is not limited to the embodiments disclosed herein in relation
to pulley body assemblies. Generally, the retaining clamp (e.g., retaining clamp 16) may
be useful for securing other over-molded plastic components (e.g., pulley body 14) against
rotation relative to a substrate upon which the retaining clamp is molded. The substrate
may be, for example, the outer ring 22 of the bearing 12. As with the pulley body

assembly, the retaining clamp may be substantially round and may define an internal cavity
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for receiving the substrate. The retaining clamp may be positioned around an outer surface
of the substrate and secured thereto by any of the disclosed securing means. The retaining
clamp/substrate assembly may be inserted into a mold and the plastic component over-
molded to the outer surface thereof. The retaining features of the retaining clamp protrude
outward to form irregularities in the interface between the clamp and the molded plastic
component, and these irregularities act to substantially prevent the molded plastic

components from having relative motion to the substrate.

[0051] Referring to FIG. 9, a method 100 of manufacturing a pulley body assembly 10
as disclosed herein includes: providing 102 a bearing 12 rotatable about a central axis 18
and having an outer ring 22 having a radial outer surface 28; providing 104 a retaining
clamp 16 that is a generally annular band 34 having an inner surface 38, an opposing outer
surface 40, and a plurality of retaining features 36 formed in the annular band 34, the
retaining features 36 extend axially and one or more of the retaining features 36 defines a
trough in the inner surface and a crest in the outer surface; positioning 106 or seating the
retaining clamp 16 concentrically about the outer ring 22 of the bearing 12 such that each
trough forms an elongate channel against the outer ring 22 of the bearing 12; securing 108
the retaining clamp 36 the outer ring 22 of the bearing 12; and over-molding 110 a pulley
body 14 circumferentially to the radial outer surface 28 of the bearing 12 and the retaining
clamp 26 secured thereto for rotation with the outer ring 22 of the bearing 12. Each trough
78 is filled with material defining the pulley body 14, thereby forming part of the pulley
body 14 between the outer ring 22 of the bearing 12 and one or more of the retaining

features 36.

[0052] The pulley body assembly disclosed herein may be used for various vehicle
engine applications by at least securing a hub within the inner ring of the bearing and
securing a shaft within an inner bore of the hub. Other features and parts of the pulley may
also be assembled into the finished pulley assembly. In some embodiments, the shaft may
be a crankshaft that imparts force to a drive pulley having a pulley body assembly as
disclosed herein. In some embodiments, the shaft may be a driven shaft such that power is
supplied to the pulley by the continuous belt, which is engaged with the belt-engaging
surface of the pulley body. Power received from the belt is transferred to the shaft, which
is a driven shaft that is used to, in turn, power other ancillary systems (e.g., coolant pump,

air-conditioner compressor, alternator, etc.). The pulley body assembly could also be used
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in pulleys that are neither drive nor driven pulleys, such as belt-tensioning pulleys or idler

pulleys, for example.

[0053] The retaining clamp and pulley body assembly disclosed herein provide a
relatively simple and inexpensive way to substantially prevent slippage of a plastic pulley
body over-molded to a metal outer ring of a bearing. Using a retaining clamp to prevent
slippage eliminates the need for interlocking features, such as knurls, notches, indentations
or protrusions, to be specially designed into the outer radial surface of the outer race of the
bearing. This, in turn makes it easier and less expensive to switch bearing suppliers in
response to pressures to reduce costs. In addition, the degree to which the retaining
features protrude outward and the clamp load pressure may be modified to increase the
torque capacity of the retaining clamp. The similarity in materials between the retaining
clamp and the outer race of the bearing makes the thermal expansion rate similar between
the clamp and the outer race, which keeps the force applied to the bearing at a more
consistent rate through its varying temperature cycles. The retaining clamps may also be
used in existing insert-molding equipment without the need for expensive retooling or

modifications.

[0054] Although the invention is shown and described with respect to certain
embodiments, it is obvious that modifications will occur to those skilled in the art upon
reading and understanding the specification, and the present invention includes all such

modifications.
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What is claimed is:

1. A clamp for retaining an over-molded plastic component to a substrate, the clamp
comprising:

a generally annular band having an inner surface defining an inner cavity for
receiving a substrate that is rotatable about a central axis and an opposing outer surface for
receiving an over molded plastic component; and

a plurality of retaining features formed in the generally annular band;

wherein the plurality of retaining features extend axially, and each of the plurality
of retaining features defines a trough in the inner surface and a first crest in the outer
surface or defines a coupling portion forming a second crest in the outer surface; and

wherein the retaining clamp is rotationally balanced.

2. The clamp of claim 1, wherein the generally annular band is substantially C-shaped.

3. The clamp of claim 1, wherein the generally annular band has a first end and a

second end and the second end engages with the first end to form the coupling portion.

4. The clamp of claim 1, wherein the generally annular band comprises a plurality of

segments interlocked together by the coupling portion.

5. The clamp of claim 1, wherein the plurality of retaining features comprises two or
more of the retaining features that define the trough in the inner surface and the first crest

in the outer surface.

6. The clamp of claim 1, wherein the plurality of retaining features comprises two or

more of the coupling portions that define the second crest in the outer surface.

7. The clamp of claim 1, wherein the plurality of retaining features comprises one of
the coupling portions that defines the second crest in the outer surface and at least one of
the retaining features that defines the trough in the inner surface and the first crest in the

outer surface.
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8. The clamp of claim 1, wherein the generally annular band defines a plurality of
apertures, each of the plurality of apertures spaced apart from each immediately adjacent
one of the plurality of apertures along the generally annular band between each of the

plurality of retaining features.

9. A pulley body assembly comprising:

a bearing rotatable about a central axis and having an outer ring having a radial

outer surface;

a retaining clamp seated against and concentric about the radial outer surface of the

bearing; and

a pulley body molded to the retaining clamp for rotation with the outer ring of the

bearing;
wherein the retaining clamp comprises:

a generally annular band having an inner surface defining an inner cavity
having received the bearing and an opposing outer surface having received the
pulley body molded thereto; and

a plurality of retaining features formed in the generally annular band;

wherein the plurality of retaining features extend axially, and each of the
plurality of retaining features defines a trough in the inner surface and a first crest
in the outer surface or defines a coupling portion forming a second crest in the outer

surface; and

wherein the pulley body assembly is rotationally balanced.

10.  The pulley body assembly of claim 9, wherein the plurality of retaining features
comprise one or more of the retaining features that define the trough in the inner surface

and the first crest in the outer surface.

11.  The pulley body assembly of claim 10, wherein each trough defined by the one or

more retaining features forms an elongate channel against the outer ring of the bearing, and
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each trough is filled with material defining the pulley body, thereby forming part of the
pulley body between the outer ring of the bearing and each of the one or more retaining

features.

12.  The pulley body assembly of claim 9, wherein the generally annular band extends

around only a portion of the radial outer surface of the bearing.

13. The pulley body assembly of claim 12, wherein the generally annular band includes
two ends that extend radially outward, wherein the two ends form a supplemental retaining

feature.

14.  The pulley body assembly of claim 9, wherein the plurality of retaining features
comprise one or more of the coupling portion that defines the second crest in the outer

surface.

15.  The pulley body assembly of claim 14, wherein the coupling portion couples

together a first end and a second end of the generally annular band.

16. The pulley body assembly of claim 14, wherein the generally annular band
comprises a plurality of segments and the coupling portions couple together end portions of

adjacent ones of the plurality of segments.

17.  The pulley body assembly of claim 9, wherein the plurality of retaining features
comprises one of the coupling portion that defines the second crest in the outer surface and
at least one of the retaining feature that defines the trough in the inner surface and the first

crest in the outer surface.

18.  The pulley body assembly of claim 9, wherein the generally annular band defines a

plurality of apertures spaced apart from each immediately adjacent one of the plurality of
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apertures along the generally annular band between each of the plurality of retaining

features.

19. The pulley body assembly of claim 9, wherein the retaining clamp has a thermal
expansion rate substantially similar to a thermal expansion rate of the outer ring of the
bearing so that the retaining clamp does not separate from the outer ring of the bearing in

response to changes in temperature.

20. A method of making a pulley body assembly, the method comprising:

providing a bearing rotatable about a central axis and having an outer ring having a

radial outer surface;

providing a retaining clamp that is a generally annular band having an inner
surface defining an inner cavity, an opposing outer surface, and a plurality of retaining
features formed in the generally annular band, wherein the plurality of retaining features
extend axially and each of the plurality of retaining features defines a trough in the inner
surface and a first crest in the outer surface or defines a coupling portion forming a second

crest in the outer surface;

placing the retaining clamp against and concentrically about the radial outer surface
of the outer ring of the bearing, wherein each trough forms an elongate channel between

the annular band and the outer ring of the bearing;
securing the retaining clamp to the outer ring of the bearing; and

over-molding a pulley body to the radial outer surface of the outer ring of the
bearing and the retaining clamp, wherein each trough is filled with material defining the
pulley body, thereby forming part of the pulley body between the outer ring of the bearing

and the retaining clamp.
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