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(54) Splicing joint and method for synchronous drive belt

(57) A splice joint is for joining first and second syn-
chronous drive belt ends (22, 24) of a belt type compris-
ing a reinforcement material layer (19, 20) covering a
base layer (17) formed from a first thermoplastic mate-
rial. The joint comprises a fused portion of the base layer
(17) of the first and second belt ends (22, 24) that define
a splice region. At least one coating layer (62) of ther-
moplastic material overlaps the reinforcement layer of
the end portions in the splice region. The coating layer

(62) is comprised of a second elastomeric material in-
tended to melt and penetrate into interstices of the rein-
forcement material layer (19, 20) while within the mold
press. Migration of the base layer material through the
reinforcement material layer (19, 20) to the pulley-en-
gaging outer surface is thereby inhibited. The second
elastomeric material composing the coating layer may
be selected to provide desired frictional and wear char-
acteristics.
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Description

Field of the Invention

[0001] The present invention relates generally to a
synchronous drive belt and specifically to a splicing joint
and method for connecting opposite ends of a drive belt
together to form for example an uninterrupted loop.

Background of the Invention

[0002] Conventional synchronous drive belts are
known in the industry and find utility in sundry applica-
tions. Such belts include a resilient elastomeric base
layer reinforced with longitudinal tensile members. The
belt base layer is typically formed of a suitably strong
yet pliable material such as polyurethane. A series of
teeth are formed along the base layer to sequentially
engage corresponding pulley cavities. The tooth surface
may be reinforced, if required, with an abrasion resistant
fabric such as nylon. US-A- 4,679,459 and 5,421,789
are representative of the state of the art in synchronous
drive belt structures.
[0003] Synchronous belting made from thermoplastic
elastomer is often made in open ended long continuous
lengths. The toothed side of the belt is covered with the
fabric that conforms to the shape of the tooth surface.
Such belting may be joined or spliced into an endless
or loop configuration by cutting finger patterns in the
ends to be joined. The fingers may take the form of elon-
gated chevrons or square castellations, patterns known
in the art.
[0004] Pursuant to current state of the art practice, the
ends of the belt or belts to be joined are placed in a mold
having a toothed molding surface that corresponds to
the configuration and spacing of the belt teeth. The ends
are in close contact in the mold and the mold is closed.
The center portion of the mold is heated above the ther-
moplastic melting point and pressure is applied. The
ends of the belt and, specifically the thermoplastic base
layer melt and fuse together. The mold is then cooled
and opened. The resultant belt is thereby rendered end-
less and the mold may be reused in similar subsequent
belt splicing sequences.
[0005] While the aforementioned splice and splicing
method works well and results in a belt having the de-
sired shape and functional strength at the splice joint,
several undesirable consequences are unavoidable
from the practice of this state of the art methodology.
First, during the fusion procedure, the molten thermo-
plastic belt base layer material tends to penetrate into
and through the interstices of the fabric reinforcement
layer. Such material may even migrate and appear on
the outer surface of the fabric layer. When cooled, any
such material present on the outer fabric surface of the
belt at the splice represents an irregularity that, when
contacting a mating pulley surface, can cause an unde-
sired squeaking or chirping noise. This noise may be

severe and can be misinterpreted as a functional defect
in the belt. Secondly, the coefficient of friction of the belt
base thermoplastic material present on the outer sur-
face of the belt at the splice joint is generally higher than
desired and the material is not sufficiently wear resist-
ant. The splice joint may consequently be susceptible
to a higher than desired rate of wear at the joint. The
industry, therefore, is in need of a splice joint and meth-
od that eliminates the noise resulting from thermoplastic
material migration through the fabric layer to a pulley-
encountering side of the belt. The solution should further
result in a belt having desired frictional characteristics
across the splice joint and provide a high level of wear
resistance at the splice joint.

Summary of the Invention

[0006] The invention relates to a splice joint according
to claim 1. It comprises a fused portion of the base layer
of the first and second belt ends that define a splice re-
gion. The coating layer is comprised of a second elas-
tomeric material intended to melt and penetrate into in-
terstices of the reinforcement material layer while within
the mold press. Migration of the base layer material
through the reinforcement material layer to the pulley-
engaging surface is thereby inhibited.
[0007] In accordance with another aspect of the in-
vention, the coating layer is composed of polyethylene
having low friction and high wear resistance. Another
aspect of the invention is to provide at least a second
coating layer wherein the first coating layer may be com-
prised of low density polyethylene and the outer, sec-
ondary layer, high density polyethylene. The first coating
layer is situated to penetrate the interstices of the fabric
material while the second layer is optimally composed
to provide the desired friction and wear resistance at the
splice seam.
[0008] The invention also relates to a method of form-
ing a splice joint according to claim 7. Preferably, this
method includes the step of positioning the first and sec-
ond end portions within a mold press having a heating
element and also the step of elevating the temperature
of the coating layer to a melt condition to flow into the
reinforcement layer material interstices. The sequential
melting of the coating layer and the base layer may be
effected by selection of materials having the desired
melt temperature properties, and/or locating the coating
layer closest to the heating surface of the mold to allow
the coating layer to heat and melt prior to the melting of
the base layer.

Brief Description of the Drawings

[0009] The invention will be described by way of ex-
ample and with reference to the accompanying draw-
ings in which:

FIG. 1 is a bottom plan view of a portion of a prior
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art synchronous drive belt of a type utilized in the
present invention.
FIG. 2 is a side view partly in section taken along
the line 2-2 of FIG. 1.
FIG. 3 is a transverse cross-sectional view of the
belt along line 2-2 of FIG. 2.
FIG. 4 is a top plan view of opposed ends of a belt
according to FIG. 1 prepared and positioned for a
splicing procedure of the present invention.
FIG. 5 is a top plan view of a mold top plate com-
ponent configured to effect a synchronous belt
splice.
FIG. 6 is a transverse section view through the mold
top plate component of FIG. 5 taken along the line
6-6.
FIG. 7 is an exploded left front perspective view of
a mold and synchronous belt ends positioned within
the mold prior to initiation of a splice procedure.
FIG. 8 is a transverse section view through a splice
region defined by intertwined synchronous belt
ends prior to a splicing operation.
FIG. 9 is a transverse section view through the
splice region of FIG. 8 subsequent to the splicing
procedure and showing the cover layer over the
splice joint.

Detailed Description of the Preferred Embodiments

[0010] The drawings illustrate a synchronous drive
belt 10 of a type in use in conventional drive systems
such as in automotive transmission applications. A belt
10 such as shown in FIGS. 1-3 includes a toothed sur-
face 12 and a planar opposite untoothed surface 14.
Spaced apart along the surface 12 are a series of drive
teeth 16. The belt is made of a resilient elastomer base
layer 17 typically formed of a plastic resin such as poly-
urethane. The belt 10 is also typically reinforced with a
longitudinal tensile member 19 made up of a plurality of
cords 18 of a high elastic modulus. Such cords may be
made from glass fiber, carbon fiber, steel, polyester, high
tenacity rayon or, preferably, steel. Such a belt is dis-
closed in US-A- 5,209,705.
[0011] The tooth surface 12 or the belt 10 may be re-
inforced with a layer 20 of abrasion resistant fabric such
as nylon. The fabric includes interstices (not shown) be-
tween woven fibers that extend through the fabric from
one side to the opposite side. The fabric layer 20 resists
abrasion that would otherwise damage or destroy the
belt prematurely. The elastomer base layer 17 may be
any one of those known to be suitable for use in such
belts, e.g., polyurethane, NBR, IIR, SBR, CSM, EPDM,
other thermoplastic elastomers and other polymer al-
loys. The belt 10 may have adjacent rows of teeth 16 or
a single row of teeth if required or desired. Teeth 16 may
be uniformly or non-uniformly spaced apart in the longi-
tudinal direction.
[0012] The belt 10 is generally formed in specified
lengths. In applications requiring a belt loop, such as

conveying applications, the ends of a belt length must
be spliced together. Further, in the field repair of existing
belts or belt loops, it may also become necessary to
splice opposed ends of a belt together in a splicing pro-
cedure. Consequently, a splicing procedure has been
proposed and employed in which the ends of a single
belt or opposed belts are fused together in a splicing
operation. The ends of a belt or belts that are to be
spliced into an endless or loop configuration are prelim-
inarily prepared by cutting finger patterns in the ends to
be joined. The fingers may take the form of elongated
chevrons or square castellations, patterns known in the
art. A representative preparatory configuration of belt
ends to be spliced is shown in FIG. 4. With reference
thereto, two belt ends 22, 24 are brought into opposed
alignment. The ends 22, 24 may be opposite ends of a
single belt or ends of separate belts. End 22 is prepared
in conventional manner to provide two fingers 26, 28
spaced apart by a slit 30. End 24 is prepared having
fingers 32, 34, and 36 separated respectively by slits 38,
40. The two ends 22, 24 are overlapped with the fingers
of one belt end interfitting into the slits of the opposite
belt end. The teeth 16 of the one belt end align with the
teeth of the opposite.
[0013] With reference to FIGS. 4, 5, and 6, a splice
mold of a type commonly used to fuse interfitted belt
ends configured as described above is shown. The
splice mold comprises an elongate, generally rectangu-
lar mold base plate 42 having a series of teeth 44 and
cavities 46 formed therein patterned after the interfit belt
ends 22, 24 shown in FIG. 4. Other belt teeth patterns
known in the art may be employed and the mold base
plate 42 will be configured accordingly. The base plate
42 mounts to a support plate 48 by means of bolts 50
and dowel pins 52.
[0014] A mold cover plate 54 of elongate, generally
rectangular, configuration is provided having upwardly
extending opposite edge flanges 56 and an axial chan-
nel 58 defined by the edge flanges 56 and a channel
floor surface 60. The channel is dimensioned to closely
receive and support on surface 60 the interfit belt ends
22, 24 as shown in FIG. 7. A partial transverse section
of the belt ends 22, 24 in the pre-splice mutual orienta-
tion is shown in FIG. 8. As will be understood from FIGS.
7, 8, pursuant to state of the art splicing methodology,
the belt ends 22, 24 having interfit finger end portions
define a splicing region. The belt ends 22, 24 are dis-
posed within the channel 58 and upon surface 60 of
mold plate 54. Mold plate surface 60 abuts surface 14
of the belt ends and mold plate 42 engages the toothed
side of the belt ends as the mold is closed. Once shut,
heat is applied via platens through one or the other or
both mold plates 42, 54 to the belt ends within the splice
region until the base layer 17 of the belt ends achieves
a molten state. Pressure is applied to the belt ends 22,
24 simultaneously. Base layer 17 is typically composed
of a thermoplastic material such as polyurethane. Once
molten, the layers 17 of belt ends 22, 24 fuse. The joint
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is thereafter cooled leaving the ends 22, 24 in a co-
aligned and fused mutual orientation.
[0015] While the method described above works well,
certain difficulties prevent the attainment of a satisfac-
tory splice. First, because layer 20, generally made of a
fabric material, is woven, interstices exist through the
material from a bottom side to a top side. As the base
layer 17 is subjected to heat within the mold and melts,
base layer material migrates through the interstitial
openings within layer 20 of the belt ends to an outer sur-
face. The material at the outer surface of the splice belt
ends creates a mound or irregularity. When the fused
belt is then placed into service, contact between a pulley
or sprocket and the residue material along the toothed
surface of the belt in the splice region occurs. Such con-
tact can result in an unpleasant noise that is undesirable
to the user. The noise thus created can also be misin-
terpreted by the user as a defect in the belt. In addition,
the material of the base layer 17 is may have a coeffi-
cient of friction that causes residue material at the splice
joint to wear at an unacceptably high rate. Premature
failure of the belt at the splice joint may result.
[0016] Pursuant to the present invention, therefore,
with reference to FIGS. 7, 8, and 9, an elongate cover
sheet or coating layer of material 62 is interposed be-
tween the ends 22, 24 and the plate 42 within the mold.
The sheet 62 preferably is composed of a material hav-
ing a melting temperature less than the material com-
prising belt base layer 17. A suitable material for sheet
62 is polyethylene (may be high or low molecular
weight). The sheet 62 is positioned over the toothed sur-
face of the interfit belt ends 22, 24 within the splice re-
gion. The mold is then closed and heat and pressure
applied as described previously. Within the mold, the
material comprising sheet 62 melts first and invades the
interstitial spaces within belt layer 20. The material of
sheet 62 so located blocks a migration of the base layer
material 17 up through the fabric layer 20 to the outer
surface of the splice. Upon cooling, the material of sheet
62 covers the splice joint as seen in FIG. 9. The material
from which cover sheet 62 is formed is selected to pro-
vide certain functional attributes. First, as described
above, the material invades the fabric layer of the belt
during the mold procedure to block the belt base layer
material. Secondly, the coefficient of the material select-
ed to form the cover sheet 62 may be selected so that
the splice joint will not suffer from premature wear. In
addition, the material comprising 62, such as polyethyl-
ene, is generally softer than the material of belt layer 17
and will not cause an undesirable noise when riding over
a pulley or sprocket.
[0017] Once cooled, the polyethylene of coating layer
62 located within the interstices mechanically bonds to
the fabric layer 20. Thus, the resulting splice has a layer
of polyethylene over the facing fabric. The polyethylene
forms a low friction, wear resistant surface that, when
engaging a pulley in a field application, will not cause
an undesirable noise.

[0018] Melting the cover layer 62 prior to melting the
belt base layer 17 in the manner described may be ef-
fected by appropriate selection of material, i.e. selecting
a material having a lower melt point. An alternative
method of melting the cover layer 62 first is to position
the mold of FIG. 7 relative to the heat source such that
thermal energy is conducted to the layer 62 within the
mold before base layer 17. A heat source, for example,
located proximate the toothed surface of ends 22, 24
within the mold cavity would act to heat cover layer 62
before melting base layer 17. Consequently, the layer
62 would achieve a molten state prior to layer 17 and fill
the fabric gaps as desired.
[0019] While the cover sheet 62 is shown as a single,
unitarily formed layer, the invention is not intended to be
so restricted. If desired, multiple layers formed from dif-
fering materials having different melt and frictional prop-
erties may be layered and substituted for unitary cover
sheet 62. For example, without any intention to limit,
sub-layers of high density polyethylene and low density
polyethylene may be combined to form the cover layer
62. The outermost disposed sub-layer may be selected
for frictional and wear attributes because of anticipated
post-splice contact with a pulley or sprocket. The inner-
most sub-layer may be selected to optimize melt and
flow characteristics for the purpose of filling interstitial
gaps in the fabric layer 20 during the splicing procedure
and bonding to the facing fabric when cooled.

Claims

1. A splice joint connecting first and second end por-
tions of one or more drive belts (10) of a belt type
comprised of a reinforcement material layer (19, 20)
covering a base layer (17) formed from a first elas-
tomeric material, the splice joint comprising:

fused elastomeric base portions of first and
second drive belt ends (22, 24) defining a splice
region; and
at least one coating layer (62) at least partially
overlapping the reinforcement material layer
(19, 20) of the first and the second drive belt
end portions in the splice region, the coating
layer (62) comprised of a second elastomeric
material.

2. The splice joint according to claim 1, wherein the
belt base material is polyurethane and the coating
layer material is polyethylene.

3. The splice joint according to claim 1 or 2, wherein
the belt base first elastomeric material has a higher
melt temperature than the coating layer second
elastomeric material.

4. The splice joint according to at least one of the pre-
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vious claims, wherein the reinforcement material
layer (19, 20) includes interstices at least partially
filled by the molten coating layer second elastomer-
ic material in the splice region.

5. The splice joint according to at least one of the pre-
vious claims, wherein the belt base first elastomeric
material is polyurethane and the coating layer sec-
ond elastomeric material is polyethylene.

6. The splice joint connecting first and second end por-
tions of one or more drive belts (10) of a belt type
comprised of a reinforcement material layer (19, 20)
covering a base layer (17) formed from a first elas-
tomeric material, the joint characterized by a coat-
ing layer (62) at least partially overlapping the rein-
forcement material layer (19, 20) of the first and sec-
ond drive belt end portions in the splice region, the
coating layer (62) comprised of a second elasto-
meric material.

7. A method of forming a splice joint connecting first
and second end portions of one or more drive belts
(10) of a belt type comprised of a reinforcement ma-
terial layer (19, 20) covering a base layer (17)
formed from a first elastomeric material, the method
characterized by the steps:

a) positioning the first and second end portions
(22, 24) in adjacent relationship to define a
splice region;
b) at least partially overlapping the reinforce-
ment layers (19, 20) of the first and second belt
end portions (22, 24) in the splice region with
at least a first coating layer (62) comprised of a
second elastomeric material;
c) elevating the temperature of the coating layer
within the splice region to a molten state to at
least partially cover the reinforcement layers
(62) of the first and second belt end portions
(22, 24) in the splice region;
d) elevating the temperature of the base layer
(17) of the first and second belt end portions
(22, 24) to a molten state to at least partially
fuse the belt end portions (22, 24) together in
the splice region; and
e) cooling the coating layer (62) and the fused
belt end portion base layers (17) to a solid state
within the splice region.

8. The method according to claim 7, further compris-
ing the step of penetrating interstices of the rein-
forcement layer (62) with molten coating layer ma-
terial within the splice region.

9. The method according to claim 7 or 8, wherein the
base layer (17) of the first and second drive belt end
portions (22, 24) is comprised of polyurethane and

the coating layer (62) is comprised of polyethylene.

10. The method according to at least one of the claims
7 to 9, further comprising the step of at least partially
overlapping the first coating layer (62) with at least
a second coating layer comprised of relatively high
density polyethylene.
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