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Metal element deformation state detection device.

® ®

A metal element deformation state detection
device is provided in which since a plurality of the ref 1.1

metal elements are in line contact with each other ref. 1.2
via a rocking edge and are aligned in an arc shape
to form a metal element row, a light source is
disposed on the radially inner side or the radially
outer side of the arc of the metal element row, //
and a deformation state of the metal element is ref. 1.5
detected by observing passed-through light that
has been emitted from the light source and has
passed through a gap between adjacent metal
elements, slight deformation in the metal element
can reliably be detected. Further, if an attempt
were to be made to observe passed-through light
that had passed through a gap formed between
parts that are in face contact with each other,
depending on the observation angle observation
might be impossible due to the passed-through
light being blocked, but observing passed-through
light that has passed through a gap formed
between the rocking edges, which are in line
contact with the adjacent metal elements makes it
difficult for passed-through light to be blocked,
thus improving the precision of detection.

ref. 1.6 ref. 1.3

ref, 1.4

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift wijkt af van de oorspronkelijk ingediende stukken. Alle ingediende stukken
kunnen bij Octrooicentrum Nederland worden ingezien.
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TITLE OF INVENTION: METAL ELEMENT DEFORMATION STATE
DETECTION DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a metal element deformation state
detection device for detecting a deformation state of a metal element
forming a metal belt for a belt type continuously variable transmission.
BACKGROUND ART

[0002] An arrangement in which, in a state in which a metal belt for a belt
type continuously variable transmission having a large number of metal
elements supported on a pair of metal ring assemblies (bands) is wound
around a pair of pulleys, an image is taken by imaging means from a
plurality of directions, and the direction of assembly of the metal belt is
determined based on the direction of a step (rocking edge) of the metal
elements determined from the image or the type of metal belt is determined
based on the width of the metal element itself or the width of a band groove
of the metal element is known from Patent Document 1 below.

RELATED ART DOCUMENTS

PATENT DOCUMENTS

[0003] Patent Document 1: Japanese Patent No. 3641989

SUMMARY OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] Metal elements forming a metal belt are components that are
required to have high dimensional precision, but there is a possibility of
slight deformation (bending, warping, flexure) occurring when for example
carrying out a heat treatment during a production step, and if such a
deformed metal element is mistakenly assembled to form a metal belt, since
slip occurs between contacting faces of the metal element and a pulley
during operation, there are the problems that it causes abnormal wear of
the pulley and it causes the generation of heat to thus degrade transmission

efficiency.
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[0005] The reason why slip occurs between the contacting faces of the metal
element and the pulley during operation is as follows. A large number of
metal elements forming a metal belt are put into intimate contact with each
other by means of a pressing force to thus transmit a driving force; if a
deformed metal element is included in the metal belt, a gap is formed
between the deformed metal element and a metal element adjacent thereto,
and the size of the gap decreases as the pressing force increases.

[0006] For example, in a driven pulley, the pressing force becomes a
maximum at a position where the metal belt bites into a V groove and
gradually decreases therefrom, and the pressing force becomes zero at a
position where the metal belt disengages from the V groove. In this way,
when the pressing force changes within a region where the metal belt is
wound around the pulley, since the size of the gaps occurring before and
after the deformed metal element change, a relative speed therefore occurs
between adjacent metal elements. Even when the peripheral speed of the
pulley and the peripheral speed of the metal belt are the same, if a relative
speed occurs between the metal elements, the relative speed causes the
metal elements to slip relative to the V groove.

[0007] The arrangement described in Patent Document 1 above determines
the shape, etc. of a metal element based on an area that appears as white
due to its ease of reflecting light and an area that appears as black due to its
difficulty in reflecting light; it is therefore possible to detect an approximate
shape such as the orientation of the metal element, but it is difficult to
detect a state of slight deformation that has occurred in the metal element.
[0008] The present invention has been accomplished in light of the above
circumstances, and it is an object thereof to detect a deformation state of a
metal element of a metal belt for a belt type continuously variable

transmission with good precision.

MEANS FOR SOLVING THE PROBLEMS
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[0009] In order to attain the above object, according to a first aspect of the
present invention, there is provided a metal element deformation state
detection device for detecting a deformation state of a metal element
forming a metal belt for a belt type continuously variable transmission,
wherein a plurality of the metal elements are in line contact with each other
via a rocking edge and are aligned in an arc shape to form a metal element
row, a light source is disposed on a radially inner side or a radially outer
side of the arc of the metal element row, and a deformation state of the
metal element is detected by observing passed-through light that has been
emitted from the light source and has passed through a gap between the
adjacent metal elements.

[0010] Further, according to a second aspect of the present invention, in
addition to the first aspect, the device further comprises imaging means
disposed on the opposite side of the metal element row to the light source so
that the metal element row is interposed therebetween, and an image
analyzer that analyzes an image of the passed-through light taken by the
imaging means.

[0011] Furthermore, according to a third aspect of the present invention, in
addition to the second aspect, the image analyzer detects a deformation
state of the metal element based on the shape of an image of the passed-
through light.

[0012] Moreover, according to a fourth aspect of the present invention, in
addition to the second aspect, the image analyzer detects a deformation
state of the metal element based on an average illumination intensity of an
image taken by the imaging means.

[0013] Further, according to a fifth aspect of the present invention, in
addition to any one of the second to fourth aspects, an image of the passed-
through light is taken by the imaging means while moving the metal

element row wound around an outer periphery of a dummy pulley.
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[0014] Furthermore, according to a sixth aspect of the present invention, in
addition to any one of the first to fifth aspects, the metal element row is
formed by assembling a plurality of metal elements on a pair of metal ring
assemblies.

[0015] Moreover, according to a seventh aspect of the present invention, in
addition to the sixth aspect, a deformation state of the metal element is
detected while moving the metal element row within a horizontal plane.
[0016] Further, according to an eighth aspect of the present invention, in
addition to any one of the first to seventh aspects, a deformation state of the
metal element is detected while moving a plurality of the metal element
rows arranged side by side.

EFFECTS OF THE INVENTION

[0017] In accordance with the first aspect of the present invention, the
plurality of metal elements are in line contact with each other via the
rocking edge and are aligned in an arc shape to form a metal element row
that, the light source is disposed on the radially inner side or the radially
outer side of the arc of the metal element row, and a deformation state of
the metal element is detected by observing passed-through light that has
been emitted from the light source and has passed through a gap between
adjacent metal elements, therefore making it possible to reliably detect
slight deformation of the metal element. Furthermore, if an attempt were to
be made to observe passed-through light that had passed through a gap
formed between parts that are in face contact with each other, depending on
the observation angle observation might be impossible due to the passed-
through light being blocked, but observing passed-through light that has
passed through a gap formed between the rocking edges, which are in line
contact with each other, of the adjacent metal elements makes it difficult for
passed-through light to be blocked, thus improving the precision of

detection.
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[0018] Furthermore, in accordance with the second aspect of the present
invention, since it includes the imaging means disposed on the opposite side
of the metal element row to the light source so that the metal element row is
interposed therebetween, and the image analyzer for analyzing an image of
passed-through light taken by the imaging means, it is possible to
accurately determine the size of a gap from the image of passed-through
light, thus detecting the deformation state of the metal element with better
precision.

[0019] Moreover, in accordance with the third aspect of the present
invention, since the image analyzer detects the deformation state of a metal
element based on the shape of the image of passed-through light, it is
possible to determine the size of the gap more accurately, thus reliably
identifying a curved metal element within a metal element row.

[0020] Furthermore, in accordance with the fourth aspect of the present
invention, since the image analyzer detects the deformation state of a metal
element based on the average illumination intensity of an image taken by
the imaging means, it is possible to efficiently identify a section that
includes a curved metal element within a metal element row without
determining the deformation state of individual metal elements.

[0021] Moreover, in accordance with the fifth aspect of the present
invention, since an image of passed-through light is taken by the imaging
means while moving the metal element row wound around the outer
periphery of the dummy pulley, it becomes possible to carry out a test in a
state in which the metal element row is aligned in an arc shape having a
constant curvature and the rocking edges are reliably put into line contact
with each other, thus further improving the precision of detection.
Furthermore, since a large number of metal elements can be tested without

adding to the light source or the imaging means, the equipment cost can

also be reduced.
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[0022] Moreover, in accordance with the sixth aspect of the present
invention, since the metal element row is formed by assembling a plurality
of metal elements on the metal ring assembly, not only is it possible to
enhance the work efficiency by integrating the plurality of metal elements
so that they are not disassembled, it is also possible to enhance the
reliability of the metal belt as a product since the final test can be carried
out in a state in which the metal belt is completed.

[0023] Furthermore, in accordance with the seventh aspect of the present
invention, since the deformation state of a metal element is detected while
moving the metal element row within the horizontal plane, the pair of metal
ring assemblies move downwardly by virtue of gravity, thus forming spaces
through which light can pass without being blocked by the metal ring
assemblies on the upper side of the lower metal ring assembly (inner side in
width direction of metal element) and on the upper side of the upper metal
ring assembly (outer side in width direction of metal element). This enables
both a gap formed on the inner side in the width direction of the metal
element and a gap formed on the outer side in the width direction of the
metal element to be detected, thus further improving the precision of
detection.

[0024] Moreover, in accordance with the eighth aspect of the present
invention, since the deformation state of a metal element is detected while
moving the plurality of metal element rows arranged side by side, it
becomes possible to carry out testing of the plurality of metal element rows
at the same time, and not only does the work efficiency increase, but it is
also possible to cut the equipment cost by sharing one imaging means
among the plurality of metal element rows.

BRIEF DESCRIPTION OF DRAWINGS

[0025] [FIG. 1] FIG. 11is a partial perspective view of a metal belt. (first

embodiment)
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[FIG. 2] FIG. 2 is a perspective view of a metal element deformation state
detection device. (first embodiment)

[FIG. 3] FIG. 3 1is a sectional view along line 3-3 in FIG. 2. (first
embodiment)

[FIG. 4] FIG. 4 is a sectional view along line 4-4 in FIG. 2. (first
embodiment)

[FIG. 5] FIG. 51is a view in the direction of arrow 5 in Fig. 2. (first
embodiment)

[FIG. 6] FIG. 6 is a side view of a metal element deformation state detection
device. (second embodiment)

[FIG. 7] FIG. 71is a schematic diagram of an image taken by imaging
means. (second embodiment)

[FIG. 8] FIG. 81is a side view of a metal element deformation state detection
device. (third embodiment)

[FIG. 9] FIG. 91is a plan view of a metal element deformation state
detection device. (fourth embodiment)

EXPLANATION OF REFERENCE NUMERALS AND SYMBOLS

[0026] 11 Metal belt

12 Metal ring assembly

13 Metal element

13' Metal element row

21 Rocking edge

32 Dummy pulley

33 Light source

35 Imaging means

36 Image analyzer

MODES FOR CARRYING OUT THE INVENTION

[0027] Modes for carrying out the present invention are explained below by
reference to the attached drawings.

FIRST EMBODIMENT
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[0028] A first embodiment of the present invention is now explained by
reference to F1G. 1 to FIG. 5.

[0029] Definitions of the radial direction, the width direction, and the fore-
and-aft direction of a metal element used in the present specification are as
shown in FIG. 1. The radial direction is defined as a radial direction of a
pulley against which the metal element abuts, the side closer to the shaft of
the pulley being the radially inner side, and the side further from the shaft
of the pulley being the radially outer side. The width direction is defined as
a direction along the shaft of the pulley against which the metal element
abuts, and the fore-and-aft direction is defined as a direction along the
direction of movement of the metal element.

[0030] As shown in FIG. 1, a metal belt 11 for a belt type continuously
variable transmission is one in which a large number of metal elements 13
are supported on a left and right pair of metal ring assemblies 12 and 12,
each metal ring assembly 12 being formed by layering a plurality of metal
rings 14. The large number of metal elements 13, which are layered so as to
be endless, form a metal element row 13'.

[0031] The metal element 13, which is formed by stamping a metal plate
material, includes an element main body 15, a neck part 17 positioned
between a left and right pair of ring slots 16 and 16 with which the metal
ring assemblies 12 and 12 engage, and a substantially triangular ear part
18 connected to the radially outer side of the element main body 15 via the
neck part 17. A pair of pulley abutment faces 19 and 19 that can abut
against a V groove of the pulley are formed on opposite end parts in the left-
and-right direction of the element main body 15. Furthermore, main faces
20 and 20 that abut against each other are formed on the front side and the
rear side in the direction of travel of the metal element 13. Moreover, an
inclined face 22 is formed on the radially inner side of the main face 20 on
the front side in the direction of travel via a rocking edge 21 extending in

the width direction. Furthermore, in order to join metal elements 13 and 13
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that are adjacent to each other in the fore-and-aft direction, a projection 23
and a recess 24 (see FIG. 5 and FIG. 7), which can be mated with each
other, are formed on front and rear faces of the ear part 18. Saddle faces 25
and 25 for supporting inner peripheral faces of the metal ring assemblies 12
and 12 are formed on the inner edge in the radial direction of the pair of
ring slots 16 and 16.

[0032] As shown in FIG. 2 to FIG. 4, a deformation state detection device
for the metal elements 13 includes a dummy pulley 32 supported at the tip
of a stay 31 fixed to any fixing part. The dummy pulley 32 of the present
embodiment has a shape formed by cutting out a fan shape from a
predetermined range in the circumferential direction of a pulley, and a V
groove 32b is formed in an arc-shaped outer peripheral face 32a positioned
in an upper part of the shape. A light source 33 is disposed within a space
32d extending inwardly in the radial direction and downwardly from a
bottom wall 32c of the V groove 32b. The angle of the V groove 32b coincides
with an angle formed by the pair of pulley abutment faces 19 and 19 of the
metal elements 13 of the metal element row 13', and the metal element row
13' can therefore smoothly slide along the V groove 32b of the dummy pulley
32.

[0033] The operation of the first embodiment the present invention having
the above arrangement is now explained.

[0034] While fitting the metal element row 13' into the V groove 32b of the
dummy pulley 32 and slowly sliding it in a state in which the light source 33
disposed within the space 32d of the dummy pulley 32 is turned on, an
operator positions an eye 34 above the space 32d to observe light from the
light source 33. Since the V groove 32b of the dummy pulley 32 is curved
into an arc shape, the metal elements 13 forming the metal element row 13'
are aligned into an arc shape having a constant curvature, and each metal
element 13 is reliably in line contact with the adjacent metal element 13 via

the rocking edge 21 (see FIG. 4). Therefore, unless the metal element 13 is
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deformed, no gap occurs at the rocking edge 21, and light from the light
source 33 is therefore blocked and does not reach the operator's eye 34.
[0035] However, when the metal element 13 is deformed, a gap occurs at
the rocking edge 21, and light from the light source 33 passes through the
gap. As shown in FIG. 5, part of the light passing through the gap is
blocked by the pair of metal ring assemblies 12 and 12 and the projection 23
of the metal element 13, but light that is not blocked by the metal ring
assemblies 12 and 12 or the projection 23 reaches the operator's eye 34, and
the operator can reliably find the deformed metal element 13. The
blackened area in the figure denotes a region where light passing through
the gap reaches the operator's eye 34.

[0036] Furthermore, if the test were to be carried out in a state in which the
metal element row 13' was aligned in a linear shape, in other words, if the
test were to be carried out in a state in which the main faces 20 and 20
having a predetermined area of the metal elements 13 were put into face
contact with each other, even if a gap were present due to deformation of a
metal element 13, unless the direction of light from the light source 33 and
the direction of the gap were completely coincident with each other, light
could not pass through the gap, the operator could not observe the light, and
there would be a possibility that deformation of the metal element 13 would
not be found.

[0037] However, in accordance with the present embodiment, since the test
is carried out in a state in which the metal element row 13'is curved into an
arc shape and the rocking edge 21 of the metal element 13 is in line contact,
light passing through a gap occurring at the rocking edge 21 can reach the
operator's eye 34 without being blocked, a deformed metal element 13 can be
reliably found, and a countermeasure such as replacement with a normal
metal element 13 can be taken.

[0038] Furthermore, since the test is carried out in a state in which the

metal element row 13' has a large number of metal elements 13 assembled
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on the metal ring assemblies 12 and 12, not only 1s it possible to enhance
the work efficiency by integrating the plurality of metal elements 13 so that
they are not disassembled, but it is also possible to enhance the reliability of
the metal belt 11 as a product since the final test can be carried out in a
state in which the metal belt 11 is completed.

SECOND EMBODIMENT

[0039] A second embodiment of the present invention is now explained by
reference to FIG. 6 and FIG. 7.

[0040] As shown in FIG. 2, in the first embodiment light leaking past the
gap between the metal elements 13 is observed by eye, but as shown in FIG.
6 in the second embodiment light leaking past a gap between metal
elements 13 is observed by taking an image by imaging means 35 such as a
CCD camera.

[0041] A dummy pulley 32 of the second embodiment has a circular shape
that is similar to an actual pulley, and is rotatably supported on a rotating
shaft 37 vertically fixed to a stay 31. A light source 33 is fixed to the
rotating shaft 37, and the imaging means 35 is disposed on the radially
outer side of the dummy pulley 32 so as to be directed toward the light
source 33. In a state in which a metal element row 13'is wound around a V
groove 32b of the dummy pulley 32, while rotating the dummy pulley 32
through a predetermined angle (e.g. 10°) at a time, an image of the metal
element row 13'is taken by the imaging means 35. An image analyzer 36 is
connected to the imaging means 35. Furthermore, the rotating shaft 37 of
the dummy pulley 32 is vertically disposed, and the row 13' of metal
elements 13 move within a horizontal plane.

[0042] FIG. 7 schematically shows an image taken as described above. One
image covers a region of for example six metal elements 13, and the
blackened areas in the figure denote an image taken of light that has passed
through a gap formed due to deformation of the metal elements 13. The

image analyzer 36 calculates the shape (specifically, the area) of an
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individual image of light (blackened area in the figure) in the image taken
by the imaging means 35, and since, when the area is a predetermined
threshold value or greater, it is determined that a deformed metal element
13 is present, a countermeasure such as replacement of the deformed metal
element 13 can be taken.

[0043] Alternatively, the image analyzer 36 calculates the average
illumination intensity of an image taken by the imaging means 35, that is,
the sum of the areas of images of light (blackened areas in the figure)
relative to the total image area, and since, when the average illumination
intensity is a predetermined threshold value or greater, it is determined
that a deformed metal element 13 is included in the metal elements 13 in
the image, that section is retested, and a countermeasure such as
replacement of the deformed metal element 13 can be taken.

[0044] Furthermore, since in the present embodiment the rotating shaft 37
of the dummy pulley 32 is vertically disposed and the metal element row 13'
moves within the horizontal plane, a pair of metal ring assemblies 12 and 12
of the metal element row 13' are urged downwardly (one side in the width
direction of the metal element 13) by virtue of gravity. As a result, the
metal ring assembly 12 on the upper side is biased toward the inner side in
the width direction of the metal element 13 and abuts against a neck part
17, and the metal ring assembly 12 on the lower side is biased toward the
outer side in the width direction of the metal element 13 and abuts against
the V groove 32b of the dummy pulley 32. This enables a gap occurring on
the outer side in the width direction of the metal element 13 to be reliably
detected above the metal ring assembly 12 on the upper side, and a gap
occurring on the inner side in the width direction of the metal elements 13
to be reliably detected above the metal ring assembly 12 on the lower side,
thereby enabling a gap to be reliably detected even if the position of the gap
changes according to the deformation state of the metal elements 13.
THIRD EMBODIMENT
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[0045] A third embodiment of the present invention is now explained by
reference to FIG. 8.

[0046] The third embodiment carries out a test by disposing two dummy
pulleys 32 and 32 on a rotating shaft 37 so as to be adjacent to each other
and winding metal element rows 13' and 13' around the two dummy pulleys
32 and 32 respectively. Furthermore, the rotating shaft 37 of the dummy
pulley 32 is vertically disposed, and the rows 13' of metal elements 13 move
within a horizontal plane. In this process, since images of the two metal
element rows 13' and 13' are taken by one imaging means 35, not only does
the work efficiency improve because the two metal element rows 13' and 13’
can be tested at the same time, but it becomes also possible to reduce the
number of imaging means 35, thus reducing the equipment cost.

[0047] If a method is employed in which a deformed metal element 13 is
found from areas of individual images of light in an image taken by the
imaging means 35, it becomes possible to find which one of the two metal
element rows 13' and 13' the deformed metal element 13 belongs to. On the
other hand, a method in which the presence of a deformed metal element 13
is determined from the average illumination intensity of an image taken by
the imaging means 35 cannot identify which one of the two metal element
rows 13' and 13' the deformed metal element 13 belongs to. However, by
precisely examining a predetermined area of the two metal element rows 13’
and 13' appearing in the image where the illumination intensity exceeds a
threshold value, the deformed metal element 13 can easily be found, thus
eliminating the problem.

[0048] Furthermore, in the present embodiment, in the same manner as in
the second embodiment, since the rotating shaft 37 of the dummy pulley 32
is vertically disposed and the metal element row 13' moves within the
horizontal plane, the pair of metal ring assemblies 12 and 12 of the metal
element row 13' are urged downwardly (one side in the width direction of

the metal element 13) by virtue of gravity. As a result, the metal ring



10

15

20

25

14

assembly 12 on the upper side is biased toward the inner side in the width
direction of the metal element 13 and abuts against a neck part 17, and the
metal ring assembly 12 on the lower side is biased toward the outer side in
the width direction of the metal element 13 and abuts against a V groove
32b of the dummy pulley 32. This enables a gap occurring on the outer side
in the width direction of the metal element 13 to be reliably detected above
the metal ring assembly 12 on the upper side, and a gap occurring on the
inner side in the width direction of the metal elements 13 to be reliably
detected above the metal ring assembly 12 on the lower side, thereby
enabling a gap to be reliably detected even if the position of the gap changes
according to the deformation state of the metal elements 13.

FOURTH EMBODIMENT

[0049] A fourth embodiment of the present invention is now explained by
reference to FIG. 9.

[0050] The first to third embodiments described above carry out a test in a
state in which the metal element row 13'is supported on the pair of metal
ring assemblies 12 and 12, that is, in a state in which the metal belt 11 is
completed, but in the fourth embodiment the test is carried out in a state in
which a metal element row 13'is formed only from metal elements 13.
[0051] That is, in a step of producing the metal elements 13, when a large
number of metal elements 13 are aligned and transported in a state in
which they are layered between a pair of guide rails 38 and 38, curving
parts of the guide rails 38 and 38 into an arc shape forms a section in which
metal elements 13 are aligned in an arc shape and in contact with each
other at rocking edges 21. In this section, a light source 33 and imaging
means 35 are disposed so that openings 38a and 38a formed in the guide
rails 38 and 38 are interposed therebetween, and a deformed metal element
13 can be found by taking an image of light passing through a gap formed

between the metal elements 13.
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[0052] In accordance with the present embodiment, since the metal element
row 13' does not have metal ring assemblies 12 and 12, it is possible to avoid
a situation in which light passing through a gap is blocked by the metal ring
assemblies 12 and 12, thus further enhancing the precision of detection.
[0053] Embodiments of the present invention are explained above, but the
present invention may be modified in a variety of ways as long as the
modifications do not depart from the spirit and scope thereof.

[0054] For example, in the embodiments the light source 33 is disposed on
the inside in the direction of curvature of the metal element row 13', and the
operator's eye 34 or the imaging means 35 is disposed on the outside in the
direction of curvature of the metal element row 13', but the positional
relationship may be reversed.

[0055] Furthermore, if a plurality of light sources 33 and a plurality of
imaging means 35 are disposed for one metal element row 13', the time
spent in taking images of one metal element row 13' can be reduced, thus
enhancing the work efficiency.

[0056] Moreover, instead of testing the two metal element rows 13' at the
same time by arranging the two dummy pulleys 32 and 32 side by side,
three or more metal element rows 13' may be tested at the same time by
arranging three or more dummy pulleys 32 side by side.

[0057] Furthermore, the imaging means 35 is not limited to the CCD

camera of the embodiments.
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Conclusies

1. Een vervormingtoestanddetectie-apparaat voor detectie van een
vervormingtoestand van een metalen element (13) dat een metalen riem
(11) vormt voor een continu variabele riemtransmissie, waarbij een veelvoud
van de metalen elementen (13) met elkaar in lijn contact zijn via een
kantelrand (21) en in boogvorm zijn uitgelijnd om een rij metalen element
(13") te vormen, waarbij een lichtbron (33) is aangebracht op een binnenste
radiale zijde of een buitenste radiale zijde van een door de rij metalen
element (13') gevormde boog, en waarbij een vervormingtoestand van het
metalen element (13) wordt gedetecteerd door het observeren van
doorgegeven licht, dat i1s uitgestraald van de licht bron (33) en is
doorgegeven via een spleet tussen de aangrenzende metalen elementen (13).
2. Het vervormingtoestanddetectie-apparaat volgens conclusie 1, verder
voorzien van beeldvormingmiddelen (35) aan de ten opzichte van de
lichtbron (33) tegenovergelegen zijde van de rij metalen elementen (13"),
zodat de rij metalen elementen (13') zich er tussenin bevindt, en een
beeldanalysator (36), die een afbeelding van het doorgegeven licht genomen
door de beeldanalysator (35) analyseert.

3. Het vervormingtoestanddetectie apparaat volgens conclusie 2, waarbij de
beeldanalysator (36) een vervormingtoestand van het metalen element (13)
op basis van de vorm van een afbeelding van het doorgegeven licht.

4. Het vervormingtoestanddetectie apparaat volgens conclusie 2, waarbij de
beeldanalysator (36) een vervormingtoestand van het metalen element (13)
detecteert op basis van een gemiddelde verlichtingsintensiteit van een
afbeelding genomen door de beeldvormingmiddelen (35).

5. Het vervormingtoestanddetectie-apparaat volgens een van de conclusies 2
tot en met 4, waarbij een afbeelding van het doorgegeven licht is genomen

door de beeldvormingmiddelen (35) tijdens bewegen van de rij metalen



10

15

18

elementen (13') gewikkeld rond een buitenste rand van een dummy katrol
32).

6. Het vervormingtoestanddetectie-apparaat volgens een van de conclusie 1
tot en met 5, waarbij de rij) metalen elementen (13') is gevormd door een
veelvoud van metalen elementen (13) op een paar metalen ring
samenstellingen (12) te verzamelen.

7. Het vervormingtoestanddetectie-apparaat volgens conclusie 6, waarbij
een vervormingtoestand van het metalen element (13) wordt gedetecteerd
tijdens bewegen van de rij metalen elementen (13') binnen een horizontaal
vlak.

8. Het vervormingtoestanddetectie-apparaat volgens een van de conclusies 1
tot en met 7, waarbij een vervormingtoestand van het metalen element (13)
wordt gedetecteerd tijdens bewegen een veelvoud van de rijen metalen

elementen (13') die naast elkaar gerangschikt zijn.
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FIG. 2
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FIG. 3
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FIG. 5
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ref. 6.1
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Onderdeel 1 Basis van de schriftelijke opinie

Deze schriftelijke opinie is opgesteld op basis van de op 29 oktober 2013 ingediende conclusies.

Onderdeel 11 Voorrang

Deze schriftelijke opinie is opgesteld onder de aanname dat eventueel ingeroepen voorrang geldig
is, tenzij hieronder anders is aangegeven. Controleren van de voorrang maakt geen deel uit van

het reguliere onderzoek naar de stand van de techniek.

Onderdeel V Gemotiveerde verklaring ten aanzien van nieuwheid, inventiviteit en
industriéle toepasbaarheid

1. Verklaring
Nieuwheid Ja : Conclusie(s) 1-8
Nee : Conclusie(s)
Inventiviteit Ja :Conclusie(s) 1-8
Nee : Conclusie(s)
Industriéle toepasbaarheid Ja : Conclusie(s) 1-8

Nee : Conclusie(s)

2. Literatuur en toelichting
In het rapport betreffende het onderzoek naar de stand van de techniek worden de volgende
documenten genoemd: ’
D1 - JP 2006-097847 A (JATCO LTD) 13 april 2006;
D2 - JP 2002-048681 A (TOYOTA MOTOR CORP) 15 februari 2002;
D3 - JP 2004-337743 A (HONDA MOTOR CO LTD) 2 december 2004;
D4 - JP 2006-132942 A (TOYOTA MOTOR CORP) 25 mei 2006;
D5 - US 2011/0093218 A (VOZNER TIBOR) 21 april 2011.

Document D1

Document D1 kan worden beschouwd als de meest nabij gelegen stand van de techniek. Uit
deze publicatie is een werkwijze alsmede een apparaat bekend voor het detecteren van een
vervormingstoestand van een metalen element in een metalen riem voor een continu variabele
riemtransmissie (zie samenvatting). Bij het uit D1 bekende vervormingstoestanddetectie-
apparaat kan een lichtbron (21) zijn aangebracht op een buitenste radiale zijde van de door de
rij metalen elementen (3a) gevormde boog, waarbij een vervormingstoestand van het metalen
element wordt gedetecteerd door het observeren van het gereflecteerde licht (zie alinea’s
[0034] - [0036] en figuren 4 - 6).

Publicatie D1 openbaart niet de maatregel volgens conclusie 1, dat de vervormingstoestand van
het metalen element wordt gedetecteerd door het observeren van het licht dat wordt

doorgegeven via een spleet tussen de aangrenzende metalen elementen. Daarenboven wordt in
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. de onderzochte stand van de techniek ook geen aanwijzing gevonden voor een dergelijke
maatregel.
Op grond van het voorgaande wordt conclusie 1 zowel nieuw als inventief geoordeeld. Ook

conclusies 2 - 8 zijn in afhankelijkheid van conclusie 1 nieuw alsmede inventief.

Documenten D2 - D4
Ook publicaties D2 ~ D4 openbaren elk een werkwijze of apparaat voor het detecteren van een

vervormingstoestand van de metalen elementen van een riem voor een continu variabele
riemtransmissie.

De werkwijze volgens D2 maakt hierbij gebruik van een non-contact meetmethode vanaf de
buitenste radiale zijde (alinea’s [0037] - [0039] en figuren 1 en 4). »

Bij de werkwijze volgens D3 wordt een vervormingstoestand gedetecteerd aan de hand van
gereflecteerd licht op de zijkanten van de metalen elementen (zie alinea’s [0012] en [0030] -
[0036] en figuren 4 - 6).

Voorts openbaart-D4 een werkwijze waarbij de vervormingstoestand wordt gedetecteerd via
gereflecteerd licht vanaf de buitenste radiale zijde van de riem (alinea [0018])).

Uit geen van déze documenten is bekend dat de vervormingstoestand wordt gedetecteerd door
het observeren van het licht dat wordt doorgegeven via een spleet tussen de aangrenzende

metalen elementen. Conclusies 1 — 8 zijn dus nieuw en inventief.

Document D5
Tenslotte is uit D5 een werkwijze bekend waarbij de vervormingstoestand van een metalen

ketting van een transportband wordt gedetecteerd door het observeren van het licht dat wordt
doorgegeven via een spleet tussen de aangrenzende metalen elementen. Toepassing van de in
D5 geopenbaarde werkwijze bij de productie van een riem voor een continu variabele
riemtransmissie wordt evenwel niet voor de hand liggen geoordeeld. Ook ten opzichte van D5

zijn conclusies 1 - 8 derhalve zowel nieuw als inventief.
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