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FIG. 5

(57) Abstract: The invention relates to a drive
belt (1) having a self-contained tension element
(20) comprising a support (21) and a tension
band (23), embedded therein, of substantially
elongated cross section, and having a series of
discrete transverse elements (30), which are
each provided with two main faces (31) oriented
in the peripheral direction of the drive belt (1)
and with two side faces (32) placed at an acute
angle to each other, which side faces extend on
both sides of the transverse element (30) be-
tween the main faces (31) thereof and are in-
tended for the frictional contact with the trans-
mission pulleys. The transverse elements (30)
here describe an opening through which the ten-
sion element (20) is led and whose nominal di-
mension in the axial direction is greater than the
nominal dimension in this direction of the ten-
sion element (20).
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DRIVE BELT HAVING TRANSVERSE ELEMENTS AND A TENSION ELEMENT

The present invention relates to the drive belt according to the preamble to the
following Claim 1. A drive belt of this type is generally used to transfer a drive power
in a drive line between two axles, the drive belt being passed around two or more
rotatable pulleys and being tensioned there between. A commonly known application
of such a transfer is the continuously variable transmission for 2-wheeled motor
vehicles, such as scooters. The drive belt is commonly known per se and is already
described in detail, for example, in European patent publication numbered 0135710,
and more recently in Patent Application EP-A-1626201.

The known drive belt comprises a more or less continuous series of discrete
transverse elements and one or two self-contained tension elements. Each
transverse element is provided with two main faces oriented in the peripheral
direction of the drive belt and with two side faces placed at an acute angle to each
other, which side faces extend on both sides of the transverse element between the
main faces and are intended for the frictional contact with the transmission pulleys.
The transverse element describes one or two openings, which extend substantially in
the axial, transverse or lateral direction up to the side face and through which
opening the tension element or tension elements is/are led. A first part of the
transverse element is therefore located radially inside the tension element, a second
part radially outside it, and a third part of the transverse element, which is situated
between the first and the second part thereof and connects these parts to each other,
is located at the height of the tension element or tension elements. The tension
element consists of a rubber or soft plastic support, in which a number of tension
cords made of fiber material and having a more or less circular cross section are
embedded. In place of these tension cords, it is also possible in principle to provide
the tension element with a single metal or hard-plastic tension band of substantially
elongated cross section, which is hence flexible in the peripheral direction. More
especially, the dimension of the tension band in the radial direction or height thereof
amounts to between 1% and 10%, and preferably 2% to 3%, of the dimension thereof
in the axial direction or width thereof.

The transverse elements are coupled to the tension element in the peripheral
direction of the drive belt, i.e. are mutually connected by means of a positive
connection, i.e. by other means than friction (alone), so that considerable forces can
be transferred there between in this direction for the benefit of the torque transfer
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between the transmission pulleys during operation. In the axial direction, there is
generally in the known drive belt only a non-positive, i.e. friction type connection
between a transverse element and the tension element, so that the two drive belt
components can be moved apart relatively easily in this direction. This latter feature
allows for a favorable simple drive belt design with few components. Moreover the
transverse elements and the tension element can thereby be easily slid one into the
other for the benefit of assembly of the drive belt.

In the drive belt, the total surface area of the transverse cross sections of the
tension cords used, or tension band used, in a tension element is determinant of the
load-bearing capacity thereof. In practice, however, it was found that a tension band
has in this case relatively less load-bearing capacity than a corresponding number of
tension cords. More especially, it was found that the tension band can break after an
unexpectedly small number of operating hours of the drive belt, as a result of a so-
called fatigue fracture thereof.

The present invention is based on the wish to improve the load-bearing
capacity of the drive belt with tension band(s), whilst the transverse cross section
thereof remains constant. According to the invention, the sought object is achieved
by application of the measures from the characterizing part of Claim 1.

In contrast to the present invention, it is a universal characteristic of the known
drive belt design that the tension element which is used therein is clamped in the
axial or transverse direction in the transverse element. To this end, the tension
element can extend to just outside the transverse elements, i.e. to beyond a
respective side face thereof, whereby the support thereof in the transmission comes
into (frictional) contact with the transmission pulleys. A clamping force applied
substantially in the axial direction to the drive belt thus in the first instance acts upon
the support of the tension element, which latter is hence forced into the openings in
the transverse elements and clamped tight therein. A belt design which is shaped
thus and which works in this way is known from the aforementioned patent
application EP-A-0135710. Another option is to detain the tension element in the
axial direction in the opening in the transverse element by closing off the said
opening on both sides thereof, at least partially and in contact with the tension
element, as is known from JP-A-2006-090542, JP-A-2006-057835 and US-A-
6,102,823.

Specifically in case of US-A-6,102,823 it is noted that the transverse elements
of this known drive belt are composed of at least three separate subcomponents that
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are fixed to each other in the belt. A first, beam-like shaped, subcomponent of the
elements is located radially outside or above the tension element and a second,
likewise, beam-like shaped sub-component of the elements is located radially inside
or below the tension element and a third sub-component is provided to interconnect
said first and second sub-components. The said opening of this known belt is thus
defined not only by the said first and second sub-components in the oppositely
oriented radial directions of the belt, but also by the said third sub-component in one
of the oppositely oriented axial directions of the belt. As a result the said opening
closely fits and even appears to clamp the tensile means in the said axial direction,
thus preventing movement thereof relative to the transverse element in that direction.

At least where the known drive belt in the transmission is passed around the
pulleys and is thereby curved in the peripheral direction thereof, the material of the
support will be inclined to deform as a consequence thereof. More especially, the
support material has the tendency to bulge in the axial direction. However, by virtue
of the fact that the tension element in this direction is detained in the opening in the
transverse element, or between the transverse element and the pulley, this bulging is
suppressed and an axially directed pressure force is built up in the tension element.
Such bulging of the support material, and the associated axial pressure force therein,
also occur if the nominal dimension of the tension element in the radial direction, or
the height thereof, is greater than the nominal dimension of the opening in the
transverse elements in this direction. Hence, the support material of the tension
element in the drive belt is at least to some extent vertically compressed, as a result
of which it bulges in terms of its width. The term nominal is thus here used to indicate
that the dimension in question is measured in an unloaded, or non-deformed, state,
i.e. relates to the dimension of a respective drive belt component taken separately
from the belt assembly.

This latter measure is also, normally speaking, applied in the known drive belt,
so that the tension element and transverse element components thereof
advantageously clamp together. In this context, it is known to make the tension
element 20% higher than the nominal height of the opening in the transverse
elements.

From those studies on which the current invention is founded, it was possible to
deduce, however, that although the normally used tension cords, as a result of the
pressure force applied thereto in the axial direction by the support, are subjected to

no, or barely any, extra load, the tension band, as a consequence thereof, is indeed
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placed under considerable extra load. It is here likely that this extra loading of the
tension band is attributable to the, certainly in comparison to the tension cords,
relatively high rigidity thereof, particularly in the transverse direction, as a result of the
elongated transverse cross section which is used for the said tension band.

By applying the measure according to the invention, that is to say by choosing
the dimension of the tension element in the transverse or axial direction, i.e. the width
thereof, smaller than the smallest local dimension in this direction of the opening in
the transverse element in which it is received, the said exira loading advantageously
does not occur and the load-bearing capacity of the drive belt is improved. In other
words, in the drive belt according to the invention, the nominal width of the opening in
the transverse elements is greater than the nominal width of the tension element at
the site of these respective openings. According to the invention, such a difference in
width amounts preferably to 5% to 50%, more especially to 25% to 35% or around
30%, of the nominal radial dimension, i.e. the nominal height, of the tension element.

The invention is explained in greater detail below with reference to the figures.

Figure 1 represents a side view of the known drive belt.

Figure 2 shows schematically a transverse cross section of the known drive
belt. '

Figure 3 shows schematically a longitudinal cross section of the known drive
belt.

Figure 4 represents schematically a cross section of a first example of the drive
belt according to the invention.

Figure 5 represents schematically a cross section of a second example of the
drive belt according to the invention.

Figure 6 represents schematically a third example of the drive belt according to
the invention.

In the figures, the same or similar structural parts of the drive belt are
respectively indicated with the same reference numerals.

Figures 1, 2 and 3 show the known drive belt 1, wherein Figure 1 represents a
side view, Figure 2 the transverse cross section A-A, and Figure 3 the longitudinal
cross section B-B thereof. The known drive belt 1 is provided with two self-contained
tension elements 20, which consist of a number of tension cords 22 embedded in a
support 21. In the shown example, the two supports 21 each comprise six tension
cords 22 of round transverse cross section. In addition, the known drive belt 1

comprises an, at least virtually, continuous series of so-called transverse elements

PCT/NL2009/000135



WO 2009/157761 PCT/NL2009/000135

5

30. The transverse elements 30 are provided with a, in comparison to the axial or
width and the radial or height dimensions thereof, small dimension in the peripheral
or longitudinal direction of the drive belt 1, i.e. the thickness.
Each transverse element 30 is provided with two main faces 31 oriented in the
5 mutually opposite peripheral directions of the drive belt 1, and with two side faces 32
placed at an acute angle to each other, which side faces extend on both sides of the
transverse element 30 between the main faces 31 and are intended for the frictional
contact with the pulleys of the transmission in which the drive belt 1 is used. The
transverse element 30 describes two openings, which extend substantially in the
10  axial or transverse direction up to a respective side face 32 and through which the
tension elements 20 are led. A first part 33 of the transverse element 30 is therefore
located radially inside the tension element 20, a second part 35 radially outside it,
and a third part 34 of the transverse element 30, which is situated between the said
first and second parts 33, 35 thereof and connects these to each other, is located at
15 the (radial) height of the tension elements 20. The support 21 of the tension elements
20 is made of a flexible material, such as rubber or a soft plastic, whilst the
transverse elements 30 are made specifically of a rigid and, preferably, wear-
resistant material, such as fiber-reinforced plastics.
The transverse elements 30 are coupled to the tension element 20, in the
20 peripheral direction of the drive belt 1, by means of a so-called positive connection,
so that considerable forces can be transferred there between in this direction for the
benefit of the torque transfer between the transmission pulleys during operation. In
Figure 3, it can be seen that, in the known drive belt 1 which is shown here, the said
positive connection consists of an axially oriented, radially outwardly directed bulge
25 or ridge 26 of the tension element 20, which ridge 26 hooks into a recess or groove
36 in the transverse element 30 at the site of the bottom side of the third part 35,
which third part is situated above the said opening in which the respective tension
element 20 is found. The said positive connection can also, of course, be realized by
providing the transverse elements 30 with a ridge, which ridges then engage in
30 purpose-made recesses in the tension elements 20, or by providing the tension
elements 20 between two adjoining transverse elements 30 with axially and/or
radially, i.e. in the width and/or height directions, directed thickenings.
In the axial direction, a so-called non-positive connection, i.e. a frictional
contact, exists between the said components 30, 20 of the drive belt 1, so that a
35  tension element 20 can be slid in this axial direction relatively easily out of (the said
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opening in) the transverse elements 30, or conversely can be fitted therein for the
benefit of the assembly of the drive belt 1.

In order during operation to support in the transmission the mechanical
connection between the transverse elements 30 and the tension elements 20, as well
as the transfer of friction between the transverse elements 30 and the transmission
pulleys, in the known drive belt 1 the tension elements 20 are dimensioned such that
they, at least in a non-loaded state, extend in the axial or transverse direction to just
outside the transverse elements 30. In other words, as is indicated in Figure 2, the
axial dimension of the tension elements 20 is, to a slight, yet clearly perceptible
degree "§", greater than the dimension in the axial direction of the said openings in
the transverse elements 30 in which they are fitted. As a result, a clamping force
applied substantially in the axial direction to the drive belt 1 by a respective pulley
thus in the first instance acts upon the support 21 of the tension element 20, which
latter is hence forced into the opening in the transverse elements 30 and clamped
tight therein, as a result of which the said mechanical connection there between is
reinforced also in the radial direction.

Although theoretically, for each tension element 20, in place of a number of
tension cords 22, a single tension band 23 may also be used, the applicant found
that the mere exchange thereof in an otherwise unchanged design of the drive belt 1
did not in practice yield the anticipated result. More especially, the thus shaped drive
belt exhibited a disappointing working life and/or load-bearing capacity. According to
the present invention, this deficiency can be overcome, however, with an additional
modification of the known drive belt design (i.e. in addition to the use of a single
tension band 23 in place of the number of tension cords 22) in a very simple and
reliable manner. The drive belt 1 shaped according to the present invention is
represented in Figure 4.

As is represented in Figure 4 with reference to the separaie tension element 20
and ftransverse element 30 components of the drive belt 1, the said additional
modification of the known drive belt design from Figures 1 to 3 concerns a reduction
of the nominal width Tb of the tension element 20 with respect to the nominal width
Ob of the opening in the transverse elements 30. The term nominal is thus here used
to indicate that the dimension in question is measured in an unloaded, or non-
deformed, state, i.e. relates to the dimension of a respective, separate drive belt

component 20, 30.
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According to the present invention, the fransverse element 30 thus extends in
width to beyond the tension element 20, so that the imaginary plane in which the side
face 32 of the transverse element 30 is situated does not intersect the tension
element 20. In other words, the dimension in the axial or transverse direction of the
opening defined by the transverse element 30, in which opening a tension element
20 is accommodated, is greater than the dimension of that tension element 20 in this
direction, at least if measured at the site of an opening, at an arbitrary radial position
r1, r2, and in the non-deformed state of especially the tension element 20. Such a
difference in nominal width according to the invention, or the play in the axial
direction which is hence nominally present between the said imaginary plane and an
at least substantially axially oriented end face 24 of a respective tension element 20,
is indicated in Figure 4 and hereinafter as the nominal axial play "s".

Because in the drive belt 1 according to the invention the tension elements 20,
viewed in the axial direction, remain inside the transverse elements 30, i.e. do not
extend beyond the side faces 32 thereof, during operation only the latter come into
(frictional) contact with the pulleys of the transmission. Thus the tension bands 23 of
the tension element 20 are not, at least in this direction, placed under extra load,
which leads to a considerable improvement in the working life and/or load-bearing
capacity of the drive belt 1 as a whole.

As a result of the nominal axial play & according to the present invention, in the
drive belt 1 space is provided for an axial bulging of the tension element 20, or the
support 21 thereof, inside the said opening of the transverse elements 30 thereof.
This bulging of the support 21 occurs at least where the drive belt 1 is passed around
the transmission pulleys, under influence of the curvature which is there imparted to
the drive belt in the peripheral direction. In addition, the tension element 20 can be
provided with a nominal dimension in the radial direction or height which is greater
than the nominal dimension of the opening in the fransverse elements 30 in this
direction. As a result, the support material 21 of the tension element 20 in the drive
belt 1 is to some extent compressed in the vertical direction, whereby this will
expand, or bulge, just a little in the axial direction. Such a nominal oversize in the
vertical direction of the tension element 20 with respect to the opening in the
transverse elements 30 is indicated in Figure 4 with the reference "y".

It was found, however, that also with regard to the aforesaid nominal oversize y
in the vertical direction of the tension element 20, the known design rules which were

developed in relation to and are applied in the known drive belt 1 having tension

PCT/NL2009/000135



WO 2009/157761

10

15

20

25

30

35

8

cords 22 are not, or at least not wholly, adequate in the drive belt 1 according to the
present invention. According to the present invention, this parameter v should not be
too small, owing to the lack of clamping of the tension element 20 in the axial
direction. Equally, however, this must certainly not be chosen too large, owing to the
extra load, or pressure force, which is hence now applied to the tension element 20
in the radial direction. In particular, the nominal height of the tension element 20
according to the present invention should have a value ranging between 106% and
111% of the nominal height of the opening in the transverse elements (30) and, more
especially, should be equal to 108% thereof.

In Figure 5, likewise in transverse cross section, a second illustrative
embodiment of the drive belt 1 is represented, in which the present inventive concept
is applied. This specific drive belt design comprises one single tension element 20
provided with a single tension band 23. The transverse element 30 is of more or less
C-shaped configuration, so that between the first part 33 and the second part 35
thereof an opening is defined. The said opening, in a first axial orientation (to the left
in Figure 5), is closed off by the third part 34 of the transverse element 30 and, in a
second, opposite axial orientation (fo the right in Figure 5), is open, so that the
tension element 20 can be easily fitted therein.

Just as in the first illustrative embodiment of the invention, which is shown in
Figure 4, in this second illustrative embodiment the transverse element 30 extends in
the axial direction to beyond the tension element 20, so that, according to the insight
on which the present invention is founded, the transmission pulleys cannot come into
(pushing) contact with this tension element 20.

In Figure 6, likewise in transverse cross section, a third illustrative embodiment
of the drive belt 1 is represented, in which the present inventive concept is applied.
This drive belt design, too, comprises one single tension element 20 provided with a
single tension band 23, which, in this case, is accommodated in an opening, closed
off on all sides, in the transverse element 30, which is thus of more or less O-shaped
configuration. The said opening, in the two axial orientations (both to the left and to
the right in Figure 6), is closed off by the third part 34 of the transverse element 30.
At the foot of Figure 6, it can be seen that the nominal width of the tension element
20 is here (round about 30%) smaller than the nominal width of the opening, so that
the axial play & according to the present invention is provided there between. in
Figure 6, a contour 25 of the support 21, which contour is bulged in the axial direction

or width, is also schematically represented, where this, or the tension element 20, is
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accommodated in the opening of the transverse element 30. Such bulging occtrs
because the nominal dimension of the tension element 20 in the radial direction, i.e.
the height thereof, is greater than the nominal dimension of the opening in the
transverse element 30 in this direction, so that in the drive belt 1 the support material
21 of the tension element 20 is compressed in this direction.

The play between the transverse element 30 and the tension element 20 which
is still remaining in the drive belt 1, which play is visible in Figure 6, is in this case
available for an additional deformation, or axial bulging, of the tension element 20 in
the transmission, where this is passed around the pulleys.

Thus the invention a/o concerns a drive belt 1 having a self-contained tension
element 20 comprising a support 21 and a tension band 23 that is embedded therein,
that is of metal and that is provided.with a substantially elongated cross section, and
having a series of discrete transverse elements 30, which are each provided with two
main faces 31 oriented in the peripheral direction of the belt 1 and with two side faces
32 placed at an acute angle to each other, which side faces 32 extend on both axial
sides of the transverse element 30 between the main faces 31 thereof, and which
transverse elements 30 each define an opening through which the tension element
20 is led, in which drive belt 1 the transverse elements 30 are coupled to the tension
element 20 in the peripheral direction and in which drive belt 1 the opening is larger
than the tension element 20 at least in the axial direction. The tension element 20
and the transverse elements 30 being mutually displaceable in the axial direction, at

least for some mutual axial displacement there between.
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CLAIMS

1. Drive belt (1) having a self-contained tension element (20) comprising a support
(21) and a tension band (23), embedded therein, of substantially elongated cross
section, and having a series of discrete transverse elements (30), which are each
provided with two main faces (31) oriented in the peripheral direction of the belt (1)
and with two side faces (32) placed at an acute angle to each other, which side faces
(32) extend on both axial sides of the transverse element (30) between the main
faces (31) thereof and which transverse elements (30) each define an opening
through which the tension element (20) is led, which opening is closed-off by
respective parts of the transverse element (30) both in the oppositely oriented radial
directions of the belt (1) and in at least one of the oppositely oriented axial directions
of the belt (1), characterized in that, at least at the site of the opening in the
transverse elements (30) and along the entire dimension of the tension element (20)
in the radial direction, the dimension of the tension element (20) in the axial direction
is smaller than the local dimension of the opening in the transverse elements (30) in

that direction.

2.  Drive belt (1) having a self-contained tension element (20) comprising a support
(21) and a tension band (23) that is embedded therein, that is of metal and that is
provided with a substantially elongated cross section, and having a series of discrete
transverse elements (30), which are each provided with two main faces (31) oriented
in the peripheral direction of the belt (1) and with two side faces (32) placed at an
acute angle to each other, which side faces (32) extend on both axial sides of the
transverse element (30) between the main faces (31) thereof, and which transverse
elements (30) each define an opening through which the tension element (20) is led,
characterized in that, at least in the axial direction, the opening is larger than the
tension element (20) and in that the tension element (20) and the transverse
elements (30) are mutually displaceable in the axial direction, i.e. are held together in
that direction by friction only, at least for a small amount of mutual axial

displacement.

3.  Drive belt (1) according to Claim 1 or 2, characterized in that the difference
between the said dimension of the tension element (20) in the axial direction and the
said local dimension of the opening in that direction has a value ranging from 5% to

50% of the dimension of the respective opening in the radial direction.
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4. Drive belt (1) according to Claim 1 or 2, characterized in that the difference
between the said dimension of the tension element (20) in the axial direction and the
said local dimension of the opening in that direction has a value ranging from 25% to
35% of the dimension of the respective opening in the radial direction.

5. Drive belt (1) according to Claim 1 or 2, characterized in that the difference
between the said dimension of the tension element (20) in the axial direction and the
said local dimension of the opening in that direction has a value of approximately

30% of the dimension of the opening in the radial direction.

6.  Drive belt (1) according to one or more of the preceding claims, characterized in
that, at least at the site of the opening in the transverse elements (30) and at least at
one location along the entire dimension of the tension element (20) in the axial
direction, the dimension of the tension element (20) in the radial direction is at least
equal to and preferably is greater than the local dimension of the opening in that

direction.

7. Drive belt (1) according to Claim 6, characterized in that the said dimension of
the tension element (20) in the radial direction has a value ranging from 106% to
111%, and preferably is equal to approximately 108% of the said dimension of the

opening in that direction.

8.  Drive belt (1) according to one or more of the preceding claims, characterized in
that the tension element (20) and the transverse elements (30) are mutually

displaceable in the axial direction.

9. Drive belt (1) according to one or more of the preceding claims, characterized in
that the fransverse elements (30) are coupled to the tension element (20) at least in

the peripheral direction.

10. Drive belt (1) according to one or more of the preceding claims, characterized in
that the dimension of the tension band (23) in the radial direction has a value ranging
from 1% to 10%, and preferably is equal to 2% to 3% of the dimension of the tension

band (23) in the axial direction.

11.  Drive belt (1) according to one or more of the preceding claims, characterized in
that the tension band (23) is made of metal.

12.  Drive belt (1) according to one or more of the preceding claims, characterized in
that it is provided with two separate tension elements (20) and with transverse

PCT/NL2009/000135



WO 2009/157761 PCT/NL2009/000135

12

elements (2) that each comprise a first part (33) located radially inside the tension
element (20), a second part (35) located radially outside the tension element (20) and
a centrally located third part (34) connecting the said first and second pérts (33, 35)
together, openings being defined between the said first and second parts (33, 35),
5 one on either axial side of the said third part (34), respectively accommodating a

respective tension element (20).

13. Drive belt (1) according to one or more of the preceding claims, characterized in
that the respective dimensions of the respective components (20, 23, 30) of the drive
belt (1) are valid for and/or to measured in the unloaded or non-deformed state

10  thereof, i.e. on the respective component (20, 23, 30) taken separately from the drive
belt (1).
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