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of which is oriented substantially radially and which therefore forms a radially running channel in the lateral contact surface (5),
which is at least suitable for radially discharging and/or supplying a lubricant and/or coolant when the transverse element (10) is
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METAL DRIVE BELT

The present invention relates to a metal drive belt for a continuously‘ variable
transmission as presented in the preamble of Claim 1.

Belts of this type are generally known, for example from European patent
publications EP-A-0 994 275 and EP-A-0 381 258. Metal belts for the continuously
variable transmission function on the basis of frictional contact. For this purpose, the
known belt is provided with lateral contact surfaces, i.e. flanks, for contact with the
contact surfaces of the respective sheaves of a pair of sheaves, i.e. pulley, in which
the belt is accommodated during operation. When a movement is being transmitted
from one pulley to the other, the known belt is subject to considerable heat being
evolved in the frictional cohtact, in particular on account of the very high torqueé
which can be transmitted using a metal drive belt. Normally, therefore, metal belts
operate in a lubricated, i.e. cooled environment. For this purpose, during operation
they are generally sprayed from a radially inner position with a lubricant and/or
coolant, such as transmission oil. The oil, which is constantly supplied freshly, cools
the relevant contact surfaces and thereby contributes to at least as far as possible
avoiding damage thereto. One possible instance of such damage is what is known as
cold welding, i.e. a spontaneous local join between two metal parts resulting from the
said evolution of heat. However, in practice it has been found that the cooling cannot
always be optimum, and consequently welds of this type may still occur on a very
local basis even when transmission oil is supplied. The cold welds are generally
broken again immediately after they have formed under the force and dynamics
acting on the belt, which causes an undesirable irregularity or wear either on the
flank of a transverse element or at the contact surface of a pulley.

In order firstly to enable the cooling and/or lubrication provided by the
transmission oil to be distributed as uniformly as possible and secondly to optimise
the frictional contact between a transverse element and a pulley, the flanks of the
known belt are designed with a profile for receiving a lubricant and/or coolant, such
as the said transmission oil in the grooves of the profile. The result is transmission oil
which, when a transverse element and a pulley come into contact, is forced out
between the respective contact surfaces. If this forces motion does not occur or does
not occur sufficiently quickly, an excessively thick layer of oil is formed between
transverse element and pulley, and consequently the frictional contact between them

is not optimum. Therefore, the oil has to be discharged easily and preferably over the
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shortest possible distance, to which end the said grooves are arranged in the flanks.
On account of the fact that the grooves are oriented more dr less in the longitudinal
direction of the belt, i.e. the tangential direction, the oil accommodated therein
remains more or less enclosed between the transverse element and pulley
throughout the movement of the transverse element over a pulley.

With regard to the uptake of transmission oil, the said transverse elements with
a profiled flank represented an improvement compared to the transverse element
which is also known and the flanks of which were of roughened design. The latter are
known, for example, from European patent publication EP-A-0 200 246, in which the
flanks are blasted. The (sand) blasting produced the type of roughness in which the
roughness peaks formed a sufficiently large surface area for frictional contact with
the pulleys, while the space between the roughness peaks was intended to collect
the said discharged oil. In practice, however, it was found that the roughness is such,
and the surface area of the roughness peaks was of such a size, that it was not
possible for the transmission oil to be discharged to a sufficient extent and/or
sufficiently quickly under all circumstances. As a result, the film of oil in the said
frictional contact was not always thin enough for optimum friction transmission.

‘Moreover, the roughening or blasting of the flanks represented a relatively expensive

and laborious production process.

Some of these drawbacks have been overcome by the said profiled flanks, in
particular those provided with the so-called sinusoidal profile known from
EP-A-0 994 275. In this way, good functionality of the frictional contact between the
transverse element and the pulley is obtained, i.e. normally there is no excess of
transmission oil in the said contact. An additional advantage of this transverse
element is that the profile, while the transverse element is being formed from a base
material, can generally be realised with the aid of a punching process, i.e. without the
need for an additional working step, such as the aforesaid blasting.

Although the problem of discharging the oil has already largely been solved in
the latter known drive belt, in practice, the said discharge of transmission oil has still
proven inadequate under more or less extreme operating conditions, in particular at a
relatively high (rotational) speed of the drive belt and the pulleys. According to the
invention, this is caused to a significant extent by the fact that the oil between the
drive belt and the pulley is more or less enclosed in the profile. Then, under certain
circumstances, the volume formed by the grooves may be insufficient to collect the
discharged oil, at least at a sufficient speed. This problem is exacerbated by the fact
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that under the influence of centrifugal force a centrifugal pressure is built up in the
transmission oil where it is enclosed in the grooves, which pressure counteracts the
discharge of the oil from the highest parts of the profile to the grooves thereof.

Therefore, the present invention is looking for a drive belt, as well as an
advantageous process for producing it, in which the discharge of transmission oil
from the frictional contact between the transverse element and the pulleys is
optimum and in which, more particularly, the build-up of centrifugal pressure can be
largely avoided. According to the invention, this is achieved by a belt in which at least
the majority of the transverse elements are provided with the properties described in
the characterizing clause of Claim 1.

With a design of the transverse element of this type, optimum discharge of the
transmission oil which is present between the transverse element and a sheave of a
pulley is achieved by virtue of the fact that, on account of the particular orientation of
the radial recess in the lateral contact surface or flank of the transverse element, the

.0il is not retained, or at least can be discharged over an advantageously short

distance between the transverse element and the sheave. Moreover, in the
transverse element according to the invention the said inevitable centrifugal force is
in fact exploited advantageously for the discharge of transmission oil, by virtue of the
fact that the radial recess is oriented substantially in the direction of the centrifugal
force.

In one particular embodiment of the transverse element according to the
present invention, the radial recess formed in the contact surface extends over the
entire radial dimension of the flank, so that it forms a continuous channel for
transmission oil to flow through. More detailed embodiments and advantageous
aspects of the invention will be discussed below with reference to the figures.

A further aspect of the present invention relates to the development of a
possible way of also realising the radially running recess with the aid of the fine-
blanking process which is already customary and is known, for example, from
European patent application EP-A-1 158 204, i.e. advantageously at the same time
as the transverse element is being formed from a base material. This means that
according to the invention the punching process is unexpectedly able to provide a
surface which has been formed during the punching, i.e. cut out, in this case the
flank, of the transverse element with a recess or groove oriented transversely with
respect to the punching or cutting direction. For this purpose, according to the

invention, use is surprisingly made of the phenomenon which is known per se of
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punching "breakoff” also known as "Abriss" (technical jargon; German), specifically
by designing the punching process in such a way that this phenomenon is at least
locally boosted in such a manner that the result would normally be considered
undesirable, i.e. would be rejected. The present invention has realised that this
phenomenon known as punching breakoff can be advantageously deployed to create
the desired radial recess. Therefore, the invention also relates to a punching process
for forming a transverse element.

The required process setting to form the desired radial recess differs
considerably from the settings which are customarily used during the punching of the
flank and the other cut-out surfaces of a transverse element. The process setting
relates in particular to the gap width used during punching, i.e. the clearance
between a cutter and a die of a punching device. Although it is known per se, for
example from EP-A-1 158 204, to vary the gap width along the periphery of the cutter
and the die, which peripheries are more or less identical to that of the transverse
element to be formed, the known variation is relatively slight and is used exclusively
with a view to avoiding contact between a punching burr on a side face of the
transverse element and the carrier. However, the present invention relates to a
different surface of the fransverse element, aimed to achieve a different effect and,
moreover, proposes a different process setting, specifically a gap width which is
greater than 10% of the thickness - i.e. the dimension of the material in the punching
direction - of the material to be punched, preferably 15% * 5%.

The said process setting has the additional advantage that on the opposite side
of the contact surface, on account of the punching phenomenon known as
contraction, a considerable and advantageous rounded section is formed where the
flank merges into the respective main surface of the transverse element.
Incorporating this phenomenon into the design of the flank of the transverse element
has the favourable effect of shifting an effective point of engagement for a frictional
force exerted on the flank by the sheave of a pulley further towards the centre of the
flank and, moreover, of further increasing the size of a space which is present overall
between the sheave and the transverse element.

In the text which follows, the invention will be explained in more detail, by way
of example, with reference to a drawing, in which:

Figure 1 diagrammatically depicts a partially cut-away transmission in which the
drive belt according to the invention is used;

Figure 2 shows a view in the longitudinal direction of the drive belt illustrating
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the contours of a main surface of a transverse element according to the invention, as
well as a view of this element in the transverse or axial direction;

Figure 3 shows a perspective view of a transverse element according to the
invention;

Figure 4 shows a cross section on line X-X in Figure 3;

Figure 5 diagrammatically depicts, in the form of a cross section, a fine-
blanking process and the tool parts involved in this process;

Figure 6 shows a plan view of a punching die for punching a transverse
element according to the prior art;

Figure 7 shows an enlarged view of part of the punching tool; and

Figure 8 shows two cross sections through the result of the fine-blanking
process characterized by the gap width setting in the punching process.

Throughout the figures, corresponding components are denoted by identical
reference numerals.

Figure 1 shows the main parts of a continuously variable transmission as used
in the drive of, for example, passenger vehicles. The transmission is generally known
per se and comprises at least a first pair of sheaves 1 and a second pair of sheaves
2, i.e. pulleys 1, 2, and a drive belt 3 accommodated between the sheaves of a pulley
1, 2. The sheaves of a pulley 1, 2 are substantially conical in form, and for each
pulley 1, 2 at least one sheave can be displaced in the axial direction. For this
purpose - not shown in the figure - electronically controllable activation means are
generally incorporated in the transmission. Activation of these means can lead to an
axial displacement of the displaceable sheaves and therefore to a change in the
running radius R of the drive belt 3 in the radial direction. Moreover, the said
activation causes the drive belt 3 to be clamped between the sheaves of the pulleys
1 and 2, so that a driving force can be transmitted between a pulley 1, 2 and the drive
belt 3 with the aid of friction in the conical contact surface between them. The drive
belt 3 and the pairs of sheaves 1 and 2 are generally made from metal. The drive belt
3 shown in Figure 1 comprises a pair of infinite carriers 4, which each comprise a set
of nested, endless flat metal rings and which form a carrier 4 for a multiplicity of
transverse elements 10 of the drive belt 3, the transverse elements 10 being
accommodated in such a manner that they can move freely with respect to one
another and along the periphery of the carriers 4, i.e. in the longitudinal direction.

Figure 2 shows a transverse element 10 of the drive belt 3 in a cross section

oriented in the longitudinal direction and in an axial side view. In the cross-sectional
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view, the carrier 4 is shown in its intended orientation with respect to the transverse
element 10 and more particularly a bearing surface 16 thereof. Furthermore, Figure 2
shows lateral contact surfaces 5, i.e. flanks 5, which are provided in a bottom part of
the transverse element 10, with respect to the carrier 4, and are substantially axially
oriented, intended for frictional contact with a pulley 1, 2, and a so-called tilting line 7,
which forms a fransition between two parts of the transverse element 10 with a
different dimension in the said longitudinal direction. In a top part of the transverse
element 10, with respect to the carrier 4, the transverse element is provided with a
lug 6 and a notch 11 for orienting two adjacent transverse elements 10 in the drive
belt 3 with respect to one another. Furthermore, the transverse element 10 is
provided with two main surfaces 8 and 9, which are oriented fransversely with
respect to the longitudinal direction of the drive belt 3 and form a front and rear
surface 8, 9 of the element 10, with the tilting line 7 being located in the front surface
8, the lateral contact surfaces 5 extending between these main surfaces 8 and 9.
Furthermore, the transverse element 10 is provided with a radially oriented bearing
surface for contact with the carriers 4.

Figure 3 shows a perspective view of a relevant part of a transverse element 10
according to the invention, with a more or less groove-like recess 70, which extends
substantially in the radial direction, preferably over the entire radial dimension, i.e.
height, of the flank 5, being provided in the flank 5, i.e. the lateral contact surface 5.
On account of its oil-discharging and oil-carrying function, the radial recess 70 is also
referred to as a channel 70. In the present example, it is present in the vicinity of a
side of the flank 5 that adjoins a main surface, specifically the rear surface 9, the
recess 70 forming the transition between the two said surfaces 5 and 9. However, it
is equally possible for the recess to be arranged elsewhere, for example centrally in
the surface 5. The remaining, unrecessed part 71 of the contact surface 5 is
preferably planar, i.e. designed without any profile, and is intended for frictional
contact with the pulleys 1 and 2. Nevertheless, it is possible to provide the said part
71 with a number of grooves oriented in the longitudinal direction.

Figure 4 shows a view on line X-X in figure 3. The dimension T70 of the radial
recess 70 in this example takes up approximately 50% of the total width T10 of the
flank 5, i.e. the dimension in the longitudinal direction T10. According to the
invention, the said dimension T70 is preferably in the range of 50% plus or minus
10%. In one particularly advantageous embodiment of the drive belt 3, the mean
value of the said dimension T70 of the radial recess 70, over the multiplicity of
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transverse elements 10, is virtually equal to 50%. This produces a part 71 of the flank
5 which is intended for contact with a pulley 1, 2 and on the one hand is sufficiently
large to absorb the frictional force and on the other hand is sufficiently small to allow
transmission oil that is present on the surface of the said part 71 to be discharged to
the radial recess in good time. Furthermore, according to the invention it may be

- advantageous for the transition between the said part 71 and the front surface 8 to be

provided with a rounded section 72. The dimension T72 of the rounded section 72 in
the said longitudinal direction is, however, preferably significantly smaller than the
dimension T70 of the radial recess 70. It is preferable for the said dimension T72 of
the rounded section 72 to be of the order of 15% plus or minus 5% of the total
dimension in the said direction T10 of the flank 5. With these dimensions T70, T72 of
the radial recess 70 and of the rounded section 72 with respect to the overall
dimension T10 of the transverse element, a part 71, intended for contact with the
pulleys 1, 2, of the flank 5 with a remaining dimension T71 is formed, which part 71
may advantageously be of planar design, i.e. there is no need for additional profiling
specifically to be applied to it.

The abovementioned embodiments of the transverse element 10 according to
the invention in which the radial recess 70 also forms the transition to a main surface
8, 9, preferably to the rear surface 9, have the major advantage that they can be
produced with the aid of a known and customarily used punching process for
forming, specifically cutting or punching, transverse elements 10 out of base material
52 which is generally in strip form. For this purpose, however, a suitable process
setting should be selected, differing significantly from the settings which are
customarily used.

To illustrate the formation of a transverse element 10, Figure5
diagrammatically depicts what is known as a fine-blanking process and device which
is used to cut a product 51 to be formed, in this case the transverse element 10, out
of base material 52 in sheet form. The known punching device comprises a die 45
and a guide plate 35, between which the material 52 to be punched is clamped. The
device also comprises a cutter 30 and, in line with the latter, a support member 40.
The periphery of both the cutter 30 and the support member 40 substantially
corresponds to the periphery of the transverse elements 10 to be punched. A
movement of the cutter 30 with respect to the die 45, indicated by arrow P, cuts out
the product 51, with the support member 40 exerting a counter-force, but at the same

time also following the movement of the cutter 30. In the case of the transverse
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element 10, the surfaces which are cut out during the punching process comprise at
least the flanks 5 and the bearing surfaces 16. A free space or clearance, referred to
as the cutting gap, is defined perpendicularly to the outer periphery of the cutter 30
and the inner periphery of the die 45. The extent of clearance, i.e. the gap width of
the cutting gap, is generally relatively small, and in the case of the fine-blanking
process is approximately 1 to at most 5 percent of a thickness of the material 52 to
be punched.

According to the present invention, by contrast, to obtain the functionally
desired radial recess 70 having the desired dimension T70, the said gap width, at
least where the flank 5 of the transverse element 10 is cut out of the material 52 to be
punched, should be greater than 10% of a thickness dimension T10 of the material
52 to be punched, measured in the cutting or movement direction P of the cutter 30.
This thickness T10 virtually corresponds to the total dimension T10 of the flank 5 in
the said longitudinal direction when used in the drive belt 3. In particular, a gap width
of 15% plus or minus 5% of the said thickness T10 is used, and more particularly the
gap width is approximately equal to 15% of the said thickness. A setting of this type

has the advantageous effect that the transverse element 10 on the one hand has a

contraction or rounded section 72 between a first main surface 8 and the flank 5, with
optimum dimensions for use in the drive belt 3, and on the other hand is provided
with a breakoff, i.e. recess 70, which is located on the opposite side of the flank 5
and also has optimum dimensions for use in the drive belt 3. Between the said
rounded section 72 and the recess 70 is located that part 71 of the flank 5 which is
intended for frictional contact with the pulleys 1, 2 and is substantially planar, i.e. has
been cut out with a relatively low roughness. Setting the punching process in this way
results, at least as seen in the radial direction, in a recess which is substantially
triangular in shape, with the maximum depth located at the transition to a main
surface 8, 9 of the transverse element 10, more particularly the rear surface 9. A
further advantage of this process is that the planar part 70 from the contact surface 5
also acquires any desired roughness on a micro-scale, which, if necessary, naturally
promotes the intended discharge of oil. A further advantage of this way of producing
transverse elements 10 is that in particular the die 45 will be subject to much less
wear than previously, with the result that the die has to be replaced or reground less
intensively or at least less often, as will be discussed in more detail below with
reference to Figures 6 and 7.

Figure 6 illustrates a plan view of the die 45 as used for the known transverse



WO 2004/111490 PCT/NL2004/000391

10

15

20

25

30

9

element 10 with a profiled flank 5. The combination of a relatively narrow cutting gap
with the correspondingly profiled edge part 451, for the profiled flank 5, of the die 45
means that the die is locally exposed to relatively high forces and therefore to
relatively extensive wear, as indicated in more detail in the cross section through the
punching tool shown in Figure 7 by reference numeral 451°. The wear to the edge
part 451, 451’ is in fact the crucial factor in determining the service life of the die 45,
since the orientation of the flanks 5 of a transverse element 10 with respect to one
another has to be extremely accurate. The provision in accordance with the invention
of the recess 70 running in the radial direction over the flank 5 of the transverse
element 10 means that a profiled flank 5 and edge part 451 of this type are no longer
required. Consequently, the edge part 451, which forms the flank 5 of a transverse
element 10, of the die 45 can advantageously be planar, i.e. straight in plan view,
and will no longer be subject to increased wear compared to other edge parts
thereof.

h Finally, Figure 8 once again illustrates the influence of the dimensioning of the
cutting gap on the result of punching. The left-hand side of Figure 8 shows, in cross
section, an edge 5 of a product obtained using the fine-blanking process, while the
right-hand side shows an edge 5 of product which has been punched in accordance
with the present invention using the relatively large cutting gap. Specifically, the
figure shows a cross-sectional view through the flanks 5 of a transverse element 10.
With the fine-blanking process, a relatively narrow cutting gap is used, and
consequently little or no breakoff occurs and the flank 5 is virtually planar in the
cutting direction and ends in a burr 50. If, in accordance with the present invention, a
relatively large cutting gap is used, the breakoff 70 is formed, extending in the radial
direction over the flank 5 and forming the desired radially oriented discharge channel
70 for transmission oil.

In addition to what has been described above, the invention also relates to all
the details shown in the figures, at least to the extent that they can be immediately
and unambiguously understood by a person skilled in the art, and to everything that
is described in the set of claims which follows.
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CLAIMS

1. Drive belt (3) in particular for use in a continuously variable transmission,
such as for passenger cars, having two pairs of substantially conical sheaves (1, 2),
between which the drive belt (3) is accommodated with clamping forces being
applied, which drive belt (3) comprises an infinite carrier (4) for a multiplicity of
transverse elements (10), along which carrier (4) the transverse elements (10) are
accommodated in such a manner that they can move freely at least in the
longitudinal direction of the drive belt (3), for which purpose the transverse elements
(10) are provided with a recess, an edge of which forms a substantially radially
oriented bearing surface (16) for the carrier (4), which transverse elements (10)
furthermore comprise main surfaces (8, 9) oriented transversely with respect to the
longitudinal direction of the carrier (4), and lateral contact surfaces (5), which are
oriented substantially in the said longitudinal direction and are directed axially, for
contact with the pairs of sheaves (1, 2), known as the flanks (5), characterized in that
at least one lateral contact surface (5) is provided with a recess (70), the largest
dimension of which is substantially radially oriented and which therefore forms a
radially running channel in the lateral contact surface (5), at least suitable for radially
discharging and/or supplying a lubricant -and/or coolant when the transverse element
(10) is accommodated between the sheaves of a pair of sheaves (1, 2).

2. Drive belt (3) according to Claim 1, characterized in that the radial recess
(70) extends over the entire height of the lateral contact surface (5) and thereby
forms a channel between a pair of sheaves (1, 2) and the belt (3) through which
medium can flow continuously in the radial direction during operation.

3. Drive belt (3) according to Claim 1 or 2, characterized in that the radial
recess (70) is located on one side of the lateral contact surface (5) and also forms
the transition from the lateral contact surface (5) to a main surface (9).

4. Drive belt (3) according to Claim 3, characterized in that the radial recess
(70), as seen in cross section, has a considerably larger dimension in the said
longitudinal direction (T70) than a dimension in this longitudinal direction (T72) of a
rounded section (72) which forms the transition from the lateral contact surface (5) to

the respective other main surface (8).

5. Drive belt (3) according to Claim 3 or 4, characterized in that the main
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surface (9) to which the radial recess (70) forms a transition is opposite from the
main surface (8) in which what is known as a tilting line (7) of the transverse element
(10) is defined, which tilting line (7) forms a transition between two parts of the
transverse element (10) with different dimensions in the said longitudinal direction
(T10).

6. Drive belt (3) according to one of the preceding claims, characterized in that
a part (71) of the lateral contact surface (5) which is intended for contact with a
sheave of a pair of sheaves (1, 2) is formed to be substantially planar, or at least is
provided with any desired roughness.

7. Drive belt (3) according to one of the preceding claims, characterized in that
a part (71) of the lateral contact surface (5) which is intended for contact with a
sheave of a pair of sheaves (1, 2) covers at least 40% and at most 60% of the
projected total surface area of the lateral contact surface (5).

8. Drive belt (3) according to one of the preceding claims, characterized in that

“the radial recess (70), in the said longitudinal direction, has a dimension (T70) which,

at least when taken as an average over the multiplicity of transverse elements (10), is
approximately half of a total dimension of the lateral contact surface (5) in this

direction (T10).

9. Drive belt (3) according to one of the preceding claims, characterized in that
the radial recess (70), in the said longitudinal direction, has a dimension (T70) of
approximately 1 mm, and in the lateral or axial direction of the drive belt (3) has a
maximum dimension, i.e. depth, of 0.2 mm plus or minus 0.1 mm.

10. Drive belt (38) according to one or more of the preceding claims,
characterized in that at least the majority of the multiplicity of transverse elements
(10) are provided with the radial recess (70).

11. Punching process for using a punching device to form a transverse element
(10) for a drive belt (3), in particular as described in one of the preceding claims, in
which a gap width of a cutting gap, i.e. a clearance between a cutter (30) and a die
(45) of the punching device, is adapted to obtain punched transverse elements (10)
of which at least one cut surface (5) is broken off, the broken-off section (70) of the
said surface (5) covering approximately 50% of the total dimension of the said
surface (5).

12. Punching process for using a punching device to form a transverse element
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(10) for a drive belt (3), in particular as described in one of Claims 1 to 10, in which a
gap width of a cutting gap, i.e. a clearance between a cutter (30) and a die (45) of the
punching device, at least where they cut a lateral contact surface (5) of the
transverse element (10) out of the materiat (52) to be punched, is greater than 10%

5 of the dimension (T10) of the material (52) to be punched in the cutting or movement
direction of the cutter (30), and is preferably in the region of 15% plus or minus 5% of
this dimension (T10).
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