SENS®PTIC

VISION FOR FLAT WIRE. Practical aspects

1. The system has to be installed with the wire running in the right direction. The detection by the
PXL sensor has to precede the capture of the image by the camera. If the wire runs from left to
right, the encoder should be on the right side.
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2. Ideally the system should be mounted with it's aperture looking downwards to avoid the dust
entering in the measuring field. If this is not possible, the system may be mounted with the PXL
sensor looking upwards.

3. The fixation of the bracket has to be studied carefully before mounting the system to ensure that
the arms are long enough. Because of the weight of the system the clamp of the arm may rotate
even if fixed tightly. The clamp should be fixed so that it cannot rotate in the direction of the force
due to the gravity.

4. The quick fixation clamp which holds the Sensor on the bracket has to be closed tightly as a
vibration on the machine may make the sensor slipper depending on the mounting orientation.
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5. The external cylindrical guides should be removed before inserting the wire on the PXL
measuring field. The aperture of the PXL is 5 mm. depending on the wire dimension the PXL
aperture should be placed parallelly to the long dimension of the wire to make the insertion of the
wire. The system should then be rotated of 45 degrees.

This operation is delicate as in some cases the wire may get blocked on the guides and the forces
involved are very important.

6. The fixation of the system in a good position and orientation is extremely important. The wire
should run straight through the system along its axis. If it's not the case it may then have a cyclical
torsion which should be avoided as much as possible.

7. The system should be mounted so that there is an input and output angle a of the wire with
respect to the horizontal cylindrical guide and the encoder. The counter-wheel of the encoder may
not make a sufficient force to bend the wire and ensure a contact with the encoder. The contact
should be guaranteed by this output angle of the wire with respect to the encoder wheel. The a
angle should not be too high as depending on the thickness of the wire there may be an important
curvature radius. For thick wires the wire may then be too near the border of the measuring slit.
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8. The system should be mounted so that the X and Y axes of the sensor are parallel to the main
axes of the wire (Width and Height). When in focus mode by right clicking on the graph, the
Voltage outputs of the PXL sensor (DC X and DC Y) can be shown continuously. These values are
at it's maximum when the alignment is optimal. One may monitor theses values while mounting
the system on the line to find the best alignment conditions. To show the voltage DC x and DC y
values, when in "Focus adjustment" mode right click with the mouse on the image and select
"'Show signals". If the wire lies horizontally with respect to the encoder wheel (see point 15), the Y
axis in red has a higher voltage value and a higher sensitivity to a torsion angle. For this reason it
is better to look for the maximum of the Y axis value (below) when optimizing the wire orientation.
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9. One should check that the wire is more or less centred on the image. The centring will depend
on the position of the wire with respect to the guides and the encoder. In the cylindrical guides
holder part a scale is engraved so that the alignment of the guides with respect to the optical
centre can be visually checked. The guides should be centred with respect to the optical centre.
Enough space between guides should be left so that the eventual defects can pass through. Ideally
the wire should go straight between the vertical cylinders and should not touch these guides to
prevent the torsion of the wire. The position range of the cylindrical guides can be limited with a
stop screw and a bolt. These should be adapted depending on the customer wire dimensions
range.

10. One should choose the right magnification of the Zoom obijectives. Both optics of the dual
camera system should have the same magnification and the same diaphragm aperture so that the
aspect of the wire is similar in both images. The correct magnification should be set on the
software.
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11. Usually an aperture of 8 or 11 is used for the diaphragm. One should then play with the
duration of the flash to get the right wire illumination.

12. When starting the measurement it is better to set a not too low threshold such as 50 um.
Depending on the result and if no fault is detected in can be then reduced.

13. While measuring it is better no to change the criteria mode between Simple and advanced as
this affects the counting of the faults.

14. Long faults not clearly visible in the image and with a similar shape between X and Y may
indicate a torsion of the wire.

Given the dimensions of the wire (width and height) and it's radius it is possible to calculate the
apparent diameter increase of it's dimensions as a function of the angle. This can be calculated by
entering the values in the "Flat wire filt.xIs" Excel file. If the ratio between the shapes of the profiles
Y/X matches the calculated theoretical ratio, there is a great probability that the wire is tilting.

In the example here below, for this fault the shape of the profiles X and Y is very similar. By
looking in the TDMS file the values dDiam. y [um]/dDiam. xjum]= 41.64/14.18 = 2.94. The
theoretical ratio between Y/X due to the torsion of a wire 3933 um x 1757 mm assuming a radius
of 300 is 2.96.
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5] Micresoft Excel - Flat wire tiltxls - [u]
] File Ecit VMiew Inset Format Jools Data  Window Help Type a question for help ]
i Arial - 10 N R O AR 0 Secuiy. | B30 B
R50 - A
A | B | ¢C b | E | F | 6 H [ 1 [ J [ K [ L [ ™M [ N [ o [ P [ a [ R T s
7
[2]
| 3 |Wire Width [um] 3933.0 Apparent width and height variation as a function of the flat wire tilt angle
| 4 | Wire Height [um] 1757.0
| 5 |Wire radius [um] 300.0 70.0
6
| 7_|Min angle [deg] 0.00
| 8 |Max angle [deg] 1.00
| 9| 80.0 4
| 10 |dH/dW ratio 2.95
112 Angle [deg] dW [um] _dH [um]
0.000 0.0 0.0 |
|14 ] 0.010 02 06 500
15 0.020 0.4 12
116 | 0.030 06 1.7
0.040 038 23 =
18| 0,050 10 29 £ 0.0
[19] 0.060 1.2 35 -
|20 0.070 1.4 41 T
0.080 1.6 4.7 H
22| 0.090 18 52 S 3004
|23 0.100 20 5.8
[24] 0.110 22 6.4
0.120 24 7.0
26| 0130 26 76 200 4
|27 0.140 28 8.1
|28 0.150 3.0 8.7
9 0.160 32 9.3
130 0.170 34 99 10.0
[31] 0.180 36 105
[32] 0.190 38 11.0
[33] 0.200 4.0 15
|34 0.210 4.2 12.2 0.0 T T T T :
|35 0.220 44 12.8 0.00 0.20 0.40 060 0.80 1.00 120
6 0.230 4.6 13.4
[37] 0.240 48 14.0 Angle [degrees]
|38 0.250 5.0 14.5
139 0.260 5.2 151
] Microsoft Excel - Baok1
(o] File Edit View Inset Format Tools Data Window Help
} Arial - 10 =9 % o w8
AB2 - F (04/03/2024 05:20:18
A [ B [ ¢c [ o[ E T[T e TH[ v [ J [ « [ L [m]
Position Size Velocity Length Has Has Neckdown dDiam.x  dDiam.y
1 |Time Fault nr. |[m] [um] [m/min] [mm] phote graph Lump[um] |[um] [um] [um] Type
80 | 04/03/2024 05:20:17.306 AM 79 40575 430 1523 439 1 1 426 0.0 109 430 LUx
81| 04/03/2024 05:20:17.331 AM 80 40.581 40.1 14.70  0.06 1 1 39.6 0.0 9.6 401 LU x
8 04/03/2024 05:20:17.563 AM 81 40.639 41.6 1519  1.25 1 1 41.2 0.0 14.2 41.6 LU x
| 83 | 04/03/2024 05:20-20 180 AM 82 41299 888 1509 035 1 1 89.8 00 88.8 98 LUx
| 84 | 04/03/2024 05:20:21.732 AM 83 41.691 52.4 1569  0.07 1 1 53.0 6.9 52.4 -TO0LUX
|85 | 04/03/2024 05:20:30.047 AM 84 43788 62.7 1456 013 1 1 63.5 26 62.7 26 LUx
| 86 | 04/03/2024 05:20:33 272 AM 85 44601 58.5 1576 012 1 1 59.2 23 58.5 23 LUx
| 87 | 04/03/2024 05:20:34.411 AM 86 44888 1269 15.86  0.40 1 1 128.4 0.0 126.9 14.8 LUx
| 88 | 04/03/2024 05:20:36.052 AM 87 45302 61.1 14.43 0.13 1 1 61.8 0.0 61.1 11.0LUx
| 89 | 04/03/2024 05:20:45.301 AM 88 47.635 71.6 1480 036 1 1 70.8 0.0 45 71.6/LUx
|90 | 04/03/2024 05:20:46.072 AM 89 47.829 52.9 15.03 013 1 1 53.5 0.0 52.9 18.3LUx

15. The wire should lay in it's larger dimension on the encoder wheel. If the wire lays vertically
with respect to the encoder wheel (as in the left image below) it tends more easily to make a
torsion movement. This configuration is to avoid if possible.
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16. If the wire principal axes are aligned with the axes of the sensor X, Y, a torsion will increase
the apparent dimensions. A decrease of the dimensions may indicate that the wire axes are not
well aligned with the axes of the sensor. The next example shows this effect. In this case the wire
was laying vertically with respect to the encoder: the part in contact with the encoder was the
height of the wire and for this reason the axes are inverted (x and y). As explained in the previous
point this configuration is to avoid.

In this case the theoretical ratio for the wire dimensions of 1700 um x 3000 um and a radius of
500 is 2.92. The proportion between the X and Y graph has a similar ratio factor of about 3. In
this case the wire axes are not well aligned with the axes of the sensor but have a misalignment of
at least 0.7 degrees. If the axes of the wire are perfectly aligned with the axes of the sensor the
effect of a torsion of the wire will be seen as a dimension increase and not as a decrease as in this
case.
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2] Flat wire tilt 3000x1700.x1s ==
A [ B [ ¢ [ D [ E [ F [ G [ H [ T [ J [ K [ L [ ™M [N T oTT©PTT Q@] R s
1
7|
| 3 |Wire Width [um] 3000.0 Apparent width and height variation as a function of the flat wire tilt angle
[ 4| Wire Height [um] 1700.0
| 5 |Wire radius [um] 5000 40.0
6
| 7_|Min angle [deg] 0.00
| 8 |Max angle [deg] 1.00 — dW [um]
9] 350 —dH [um]
|10 |dH/dW ratio 292
?
[12] Angle [deg] dW [um] dH [um] 200
[13] 0.000 0.0 00
[14] 0010 01 03
[15] 0.020 0.2 07
[16] 0030 04 1.0 260
[17] 0.040 05 14 T
(18] 0.050 0.6 17 5
[19] 0.060 07 21 T
[20] 0.070 0.9 24 3 200
[21] 0.080 1.0 28 =
[22] 0.090 11 31 °
[23] 0.100 12 38 150
[24] 0110 13 36
[25] 0120 15 42
[26] 0130 16 158
[27] 0140 17 49 10.0
[28] 0.150 18 52
[29] 0.160 1.9 56
[30] 0170 21 59 50
[31] 0.180 22 63
[32] 0.190 23 66
[33] 0.200 24 7.0
[34] 0210 25 73 00 T T T T T
[35] 0.220 a7 (a4 0.00 0.20 0.40 060 0.80 1.00 120
[36] 0230 23 8.0
[37 ] 0.240 29 84 Angle [degrees]
[38] 0.250 3.0 87
[39] 0.260 32 91
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Here below there is a graph of the profiles of the previous fault n. 111 where the Y axis has been
multiplied by a factor of 2.92. The shape of the profile being nearly the same it is most probable
that this was not a real defect but an effect due to the torsion of the wire.
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