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METHOD FOR FORMING A CARRIER RING SUITABLE FOR USE IN A
DRIVE BELT FOR A CONTINUOUSLY VARIABLE TRANSMISSION

This disclosure relates to a method for forming a ring
5 from steel basic material that is destined to function as
a carrier of transverse elements in a closed-loop drive
belt for a continuously variable transmission, comprising
the following steps:
- providing a strip of basic material;

10 - bending the strip into a circular or ring shape, whereby
distal ends of the strip are touching, or at least facing
each other; and
- fixing these distal ends of the strip to each other by
welding to form the carrier ring.

15 A drive belt for a continuously variable transmission
is generally known. Usually, such a drive belt comprises
two sets of endless, i.e. closed-loop rings that carry a
multitude of transverse elements of the drive belt, which
transverse elements are arranged 1in an essentially

20 contiguous row along the entire circumference thereof.
These carrier rings of the drive belt are relatively flat,
i.e. the radial distance between an 1inner circumference
and an outer circumference of the carrier rings 1is
relatively small with respect to the dimension in an axial

25 direction.

In a continuously variable transmission, the drive
belt is disposed between two cooperating pulleys where
between a continuously variable speed ratio is realized.
During operation, the drive belt transmits a torque from

30 one of the pulleys to the other one pulley, a/o by the
transverse elements thereof pushing each other from the
said one pulley to the said other one pulley.

During operation of the continuously variable
transmission, the carrier rings of the drive belt are

35 exposed to bending and pulling forces. The bending forces
are substantially determined by the thickness of the
carrier rings and the extent to which ring portions are

bent at the moments that they are present in the pulleys.
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The pulling forces are substantially determined by the
tensile force with which the drive belt 1is suspended
between both pulleys.

As a consequence of the said bending and pulling
forces, metal fatigue of a carrier ring will play a role
in a possible failure of the drive belt. Metal fatigue 1is
related to the type and the quality of the used steel. For
example, as a consequence of irregularities in the
material, hair c¢racks may occur. Normally, such hair
cracks will form at a location where the tension stress is
highest. For the present carrier rings that are repeatedly
bend such tension stress will normally be highest at or
near 1its surface, a/o at or near the axial sides of the
carrier ring. Thus, for providing the carrier rings with
optimal fatigue properties and, hence, also the drive belt,
it is important to manufacture these with a high surface
quality, i.e. with an ultimately smooth outer surface that
is free from defects.

In the manufacture of the carrier ring, a basic
material having the required material properties for drive
belt application of the carrier ring is provided in, for
instance, a coiled-up sheet form. From this basic material
a strip is cut with length, width and thickness dimensions
that are adapted to (obtain) the final carrier ring of
required dimensions. The distal ends of the strip, as seen
in the longitudinal direction thereof, are placed opposite
one another and are fixed to one another by means of a
welding process to form a continuous carrier ring.
Typically, plasma-arc welding or laser welding is applied
for this purpose, wherein a plasma arc or laser beam 1is
passed from one axial side of the strip to the other one
side thereof. The intensity of the plasma-arc or laser
beam is set to melt a small part of both the said distal
ends of the strip, which melted strip parts solidify into
together as one once the plasma arc or laser beam has
passed. Furthermore, the manufacture of the final carrier
ring for the present drive belt application thereof, is

known to include several more processes such as rolling,
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hardening and nitriding.

It is known from the PCT patent publication
W02007/073158-A1 that the weld that is formed between the
said distal ends of the strip can show imperfections. In
particular, an indentation 1is typically formed in the
width, 1i.e. axial direction of the carrier ring at the
location of the weld. This axial indentation appears to
result from the surface tension of the melt bath and of a
possible flow 1in that weld bath due to a temperature
gradient therein. According to W02007/073158-A1 such
indentation should be avoided, at least in the drive belt
application of the <carrier ring. And, to that end,
W02007/073158-A1, proposes to place an abutment against
the axial sides of the strip to be welded at the location
of the weld, i.e. of the said distal ends thereof.

According to the present disclosure and 1in contrast
with W02007/073158-2A1, it was found that the said
indentation 1s not necessarily formed to an equal extent
on both axial sides of the carrier ring. In fact applicant
observed that the indentation 1is considerably larger on
the axial side of the carrier ring where the welding
process ends, 1.e. where the plasma-arc or laser beam
passes from the strip into the surroundings to complete
the weld, as compared to the indentation formed on the
opposite axial side of the carrier ring where the welding
process was started, i.e. where the plasma-arc or laser
beam first enters from the surroundings to in-between the
distal ends of the strip.

Based on the above observation, the present disclosure
proposes to provide the weld in two phases, wherein, in a
first phase of the welding process, the welding is started
at a first axial side of the strip and is then continued
towards the opposite axial side of the strip, however only
to within the axial extent of the strip, where it is
stopped, and wherein, 1in a second phase of the welding
process, the welding 1is started at the opposite, i.e.
second axial side of the strip and is then continued

towards the first axial side of the strip, however, again
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only to within the axial extent of the strip.

In order to avoid having to complete the overall weld
in a third phase of the welding process in-between the two
positions of the respective phases where the welding is
stopped, the welding in the second phase of the welding
process 1s stopped only at a position that 1lies in the
axial direction beyond the position where the welding was
stopped in the first phase thereof. Or, in other words, a
weld (part) formed in the said second phase of the welding
process partly overlaps with the weld (part) formed in the

said first phase thereof.

The above-described basic features of the present
disclosure will now be elucidated by way of example with
reference to the accompanying figures.

Figure 1 is a schematic illustration of a known drive
belt and of a transmission incorporating such known belt.

Figure 2 is a schematic illustration of a part of the
known drive belt, which includes two sets of a number of
flexible steel carrier rings, as well as a plurality of
transverse members.

Figure 3 figuratively represents a known manufacturing
method of the drive belt carrier ring.

Figure 4 illustrates the known setup of the process
step of strip welding from the overall manufacturing
method of the drive belt carrier ring.

Figure 5 illustrates a novel setup of the process step

of strip welding.

Figure 1 shows schematically a continuously variable
transmission (CVT) with a drive belt 3 wrapped around two
pulleys 1 and 2. Each pulley 1, 2 1is provided with two
conical pulley discs 4, 5, where between an annular,
predominantly V-shaped pulley groove 1s defined and
whereof one disc 4 is axially moveable along a respective
pulley shaft 6, 7 over which it is placed. A drive belt 3
is wrapped around the pulleys 1, 2 for transmitting a

rotational movement ® and an accompanying torque T from
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the one pulley 1, 2 to the other 2, 1. Each pulley 1, 2
generally also comprises activation means that can impose
on the said at least one disc 4 thereof an axially
oriented clamping force directed towards the respective
other pulley disc 5 thereof, such that the belt 3 can be
clamped between these discs 4, 5. Also, a (speed) ratio of
the CVT between the rotational speed of the driven pulley
2 and the rotational speed of the driving pulley 1 is
determined thereby. This CVT 1s known per se, in
particular from its application in automobiles.

An example of a known drive belt 3 1is shown in more
detail figure 2 in a section thereof. The drive belt 3 is
made up of two sets 31 of mutually nested, flat and
flexible steel rings 13 that carry a plurality of
transverse members 30. The transverse members 30 are
arranged 1in mutual succession along the circumference of
the ring sets 31, 1in such manner that they can slide
relative to and in the circumference direction of the ring
sets 31.

The transverse segments 30 take-up the said clamping
force, such when an input torque T is exerted on the so-
called driving pulley 1, friction between the discs 4, 5
and the belt 3, causes a rotation of the driving pulley 1
to be transferred to the so-called driven pulley 2 via the
likewise rotating drive belt 3.

During operation in the CVT the drive belt 3 and in
particular the carrier rings 13 thereof are subjected to a
cyclically wvarying tensile and bending stresses, 1i.e. a
fatigue load. Typically the resistance against metal
fatigue, i.e. the fatigue strength of the carrier rings 13,
thus determines the functional life span of the drive belt
3. Therefore, it has Dbeen a long standing and general
development aim to optimize the fatigue strength of the
carrier ring 13 at a minimum combined material and
processing cost.

Figure 3 illustrates a relevant part of the known
manufacturing method for +the carrier rings 13 to be

applied in the ring sets 31 of the drive belt 3, as it is
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typically applied in the art. The separate process steps

of the

known manufacturing method are indicated by way of

Roman numerals.

In a first process step I a strip 11 of a maraging

steel basic material having a thickness of around 0.4 mm,

is bend into a circular shape with the distal ends of the

strip being placed against one another. In a second

process
welded

step II the distal ends 12 of the strip 11 are
together to form a carrier ring 13, typically by

means of a plasma-arc welding process. In a third step IIT,

the carrier ring 13 1is annealed to remove the heat

affected zone resulting from the welding process step II.

Thereafter, in a fourth process step IV, the carrier ring

13 is rolled to reduce the thickness thereof to, typically,

less than 0.2 mm, e.g. 0.185 mm, while being elongated.

The carrier ring 13 1s subjected to a further, 1i.e.

carrier

ring annealing process step V for removing the

work hardening effect of the previous rolling process step

IV by recovery and re-crystallization of the ring material.

Thereafter, in a sixth process step VI, the carrier ring

13 1is
rollers
length
process

carrier

calibrated by mounting it around two rotating
and stretching it to a predefined circumference
by forcing the said rollers apart. In this sixth
step VI, also internal stresses are imposed on the

ring 13. Finally, the carrier ring 13 1is heat-

treated in a seventh process step VII of combined ageing

or bulk precipitation hardening and nitriding or case

hardening. More in particular, such combined heat-

treatment involves keeping the carrier ring 13 in an oven

chamber

containing a <controlled gas atmosphere that

comprises ammonia, nitrogen and hydrogen gas. By this heat

treatment process VII both the wear resistance and the

fatique

strength of the ring material is increased

remarkably.

Figure 4 illustrates the known process step II of

strip welding from the overall manufacturing method of the

drive belt carrier ring 13 in more detail, however not to

scale.

In figure 4 the strip 11 to be welded is enclosed
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widthwise, i.e. axial direction, between two weld-end
abutments 14 at the location where the said distal ends 12
of the strip 11 meet after it has been bend into an
approximately circular shape.

In the actual welding together of the distal ends 12
of the strip 11, a welding energy source such as a plasma
arc or laser beam 1is started at a position S at a first
one of the weld-end abutments 14 and is then moved in
axial direction at a predetermined velocity over the strip
11 towards and finally across the respective other one of
the abutments 14 wuntil it reaches an final position F
where 1t is switched off. Such movement of the plasma arc
or laser beam relative to the strip 11 and the abutments
14 is indicated in figure 4 by the dashed arrow A. The
velocity and intensity of the plasma arc or laser beam are
chosen such that a small part of the material of the strip
11 at either distal end 12 thereof melts and forms a
single melt pool that solidifies after the plasma arc or
laser beam has passed. The abutments 14 are provided to
prevent that an axial indentation is formed in the (welded)
carrier ring 13 at the position of the weld, i.e. to
provide a surface for the melted strip material to adhere
to in the axial direction.

Figure 5 illustrates a novel way of carrying out the
process step II of strip welding that does favorably not
require the wuse of the known weld-end abutments 14.
According to the present disclosure, the actual welding
together of the distal ends 12 of the strip 11 is realized
in two phases that are respectively indicated in figure 5
by the dashed arrows Al and A2. In a first phase of the
welding process, indicated by the arrow Al, the plasma-arc
or laser beam 1s switched on at a starting position S1
beyond a first axial side AS]1 of the strip 11 and is then
moved in the axial direction relative to the strip 11 to a
finishing position F1 inside the strip, i.e. to a first
finishing position F1 in-between the axial sides AS1l, AS2
thereof, where the plasma-arc or laser beam is switched

off and the welding stops. Thereafter, in a second phase
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of the welding process, indicated by the arrow A2, the
plasma-arc or laser beam 1s switched on at a starting
position S2 beyond the other, i.e. second axial side AS2
of the strip 11 opposite the said first axial side ASl
thereof and is then moved in the axial direction relative
to the strip 11 to a second finishing position F2 in-
between the axial sides AS1l, AS2 of the strip 11, where
the plasma-arc or laser beam is switched off again and the
welding stops.

As 1is also 1illustrated 1in figure 5, a, preferably
small, overlap O 1is preferably provided between the first
and second phase of the welding process. Thus, 1in other
words, 1in the process step II of strip welding, a weld is
formed between the distal ends 12 of the strip 11 in two,
mutually overlapping weld parts that each start from a
respective axial side AS1l; AS2 of the strip 11 and extend
towards the respectively opposite axial side AS1l; AS2 of
the strip 11 to a position beyond the axial middle of the
strip 11.

The present disclosure, in addition to the entirety of
the ©preceding description and all details of the
accompanying figures, also concerns and includes all the
features of the appended set of claims. Bracketed
references in the claims do not limit the scope thereof,
but are merely provided as non-binding examples of the
respective features. The claimed features can be applied
separately in a given product or a given process, as the
case may be, but it 1s also possible to apply any
combination of two or more of such features therein.

The invention(s) represented by the present disclosure
is (are) not limited to the embodiments and/or the
examples that are explicitly mentioned herein, but also
encompasses amendments, modifications and practical
applications thereof, in particular those that lie within

reach of the person skilled in the relevant art.
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CLAIMS

1. Method for forming a steel ring (13) including the
steps of:

- providing a strip (11l) of basic material;

- bending the strip (11) into a circular or ring shape,
whereby distal ends (12) of the strip (11) are touching,
or at least facing each other; and

- fixing the distal ends (12) of the strip (11) to each
other by welding;

wherein the welding is carried out 1in the following two
phases:

- a first phase wherein the distal ends (12) of the strip
(11) are welded together from a fist starting position (S1)
beyond a first axial side (AS1l) of the strip (11) to a
first finishing position (F1l) located within the width of
the strip (11) and

- a second phase wherein the distal ends (12) of the strip
(11) are welded together from a second starting position
(S1) beyond a second, opposite axial side (AS2) of the
strip (11) to a second finishing position (F2) located
within the width of the strip (11).

2. The method according to claim 1, wherein the said
second finishing position (F2) 1is located in-between the
said first finishing position (Fl) and the said first
axial side (AS1l) of the strip (11).

3. The method according to c¢laim 1 or 2, wherein the
welding is carried out as or in a laser or a plasma-arc

welding process.

4., The method according to claim 1, 2 or 3, wherein the
strip (11) is provided with an initial thickness of about

0.4 mm.

5. The method according to claim 4, wherein the ring (13)

is subject to a rolling process in circumference direction,
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whereby a thickness thereof is reduced to less than 0.2 mm.

6. The method according to claim 5, wherein the ring (13)
is destined for use as, or 1in a drive belt (3) for a
continuously variable transmission with two pulleys (1, 2)
and the drive belt (3).

7. Drive belt (3) with transverse elements (30) and at
least one ring set (31) whereon the transverse elements
(30) are mounted and which ring set (31) is composed of a
number of mutually, radially stacked rings (13) that are
a/o formed with the method according to one or more of the
preceding claims, in particular the method according to
claim 6.
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ABSTRACT

The disclosure relates to the manufacturing of a
flexible ring (13) made from steel for use in a drive belt
(3) for a continuously variable transmission. According to
the this disclosure, the said manufacturing includes the
welding of a strip (11) of basic material into a closed
ring (13) in two phases, wherein in each phase a weld is
formed between the distal ends (12) of the strip (11) from
a respective axial side (AS1; AS2) thereof to a respective
position (Fl; F) inside the width of the strip (11).
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FIG. 2
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