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Description

Field of the invention

[0001] The present invention relates to a system and
to a method for aligning rollers of segments belonging to
the continuous casting of slabs.

State of the art

[0002] The product exiting from a crystallizer needs to
be contained and guided. This occurs initially by means
of rollers at the foot of the mold in which the crystallizer
is inserted, and then by means of a series of containment
and guide segments or sectors, which accompany the
product until it reaches the horizontal plane.

[0003] Each segmentis generally formed by a plurality
of rollers with which the product comes into contact, and
which actually contain and guide the product. The posi-
tioning of the rollers according to the strategies selected
and especially the alignment thereof determine the qual-
ity that the cast product will have. If rollers are positioned
with the axis thereof not parallel to the axes of the other
rollers, that is the rollers are not aligned, or rollers have
eccentricities or are bent, the cast product is not con-
tained in a homogenous manner along the whole length
of the casting curve and therefore the quality thereof is
compromised.

[0004] The technique normally used in the state of the
artfor aligning the rollers of continuous casting segments
consists substantially of the sequence of steps listed be-
low:

- the segment is removed from the casting line and
placed in a specific measurement zone. Following
the division between fixed part and movable part of
the segment, both parts are positioned on specific
support bays;

- atemplate is restrained to the bay so that it is above
the rollers of the segment. The gap between the tem-
plate and each roller is then measured using cali-
brated shims;

- the measurement procedure in the point above is
repeated in different zones of all rollers by moving
the template each time in the axial direction of the
rollers. Based on the results of the measurements,
shims are added to or removed from the supports of
the rollers to obtain the proper alignment;

- at the end of the mechanical adjustments, a check
is performed again with the template to ensure the
alignment is acceptable.

[0005] In addition to being difficult and complex, the
procedure described requires a very long execution time:
about 4-6 hours with the employment of two operators,
the time for the measurement alone being about 3.5-5
hours.

[0006] The need is therefore felt to make an innovative
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system for aligning the rollers of containment and guide
segments for a continuous cast product, and relative
alignment method, which allows the aforesaid drawbacks
to be overcome. US4714339A discloses a tracking sys-
tem for measuring at least the spatial coordinates of a
target and possibly the angular orientation of the target.

Summary of the invention

[0007] It is the main object of the present invention to
provide a system for aligning rollers of containment and
guide segments, used in the continuous casting of me-
tallic products, such as slabs or blooms, which is signif-
icantly faster with respect to solutions of the state of the
art.

[0008] It is another object of the present invention to
provide a system for aligning rollers of continuous casting
segments, which does not require the manual work of
operators.

[0009] Itis a further object of the present invention to
provide a relative method for aligning the rollers of the
continuous casting segments which is highly accurate
and efficient.

[0010] Therefore, the present invention proposes to
achieve the objects discussed above by making a meas-
urement system for measuring the position of the longi-
tudinal axis of rollers of a containment and guide segment
foraligning rollers of continuous casting segments which,
according to claim 1, comprises

- arobot having an arm provided at one end thereof
with a reflector, said robot being adapted to move
the reflector in order to successively put it in contact
with a plurality of predetermined points of each roller
of the containment and guide segment,

- a laser tracker adapted to track said reflector by
means of a laser beam and to calculate the position
in space of each of said points so as to determine
the position of the axis of each roller,

- processing means adapted to process and impart
movement commands to the robot and, therefore, to
the reflector,

- atleastone tag fixed on the segment and containing
pre-stored information on the segment and/or on
each roller therein, said information comprising said
predetermined points of each roller and any previous
measurements carried out at said predetermined
points of each roller,

- a device for automatically recognizing the contain-
ment and guide segment, provided with a reader
adapted to read said information on the segment
and/or on eachroller and to transmitit to the process-
ing means, whereby said processing means impart
consequent movement commands to the robot.

[0011] A second aspect of the present invention pro-
vides a method for aligning rollers of continuous casting
segments which, according to claim 10, comprises the
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following steps:

a) positioning the containment and guide segment
in a measuring zone;

b) determining, by means of the robot and the laser
tracker, the position in space of the segment;

c) carrying out the measurements of the position in
space, by means of the robot and the laser tracker,
of a plurality of predetermined points of each roller;
d) processing the measurements carried out in step
c) to generate a list of mechanical adjustments to be
performed on each roller of the segment to align to
each other the axes of the rollers of the segment
along a predetermined surface;

e) carrying out said mechanical adjustments,

wherein there is provided, before step b), a recognition,
by means of an automatic recognition device, of the con-
tainment and guide segment which allows, by means of
a reader, information on the segment and/or on each
roller to be read from at least one tag fixed on the seg-
ment, and the information to be transmitted to the
processing means of the measurement system, said in-
formation comprising said predetermined points of each
roller on which the measurements of step c) are to be
carried out, and any previous measurements carried out
on the rollers of the same segment.

[0012] The solution of the invention for aligning the roll-
ers of continuous casting segments provides using a la-
ser tracker and a robot, which is preferably but not nec-
essarily anthropomorphous, which has the task of mov-
ing, in an automated manner, the reflector, tracked by
the laser tracker, in various predetermined points of the
rollers of the segment under examination.

[0013] The laser tracking system comprises a laser
emitter, usually held stationary, and a movable reflector
the position of which can be calculated.

[0014] With regard to the laser tracker, it can be of any
type. To obtain particularly accurate measurements, a
calibrated ball can be used as a reflector, which is rested
on the part under examination, and any laser tracker,
which calculates the position in space of the measure-
ment point by means of a laser beam projected onto the
reflector.

[0015] In addition to the anthropomorphous robot and
the laser tracker, the measurement system object of the
invention advantageously comprises an automatic rec-
ognition system for recognizing the segment, of the RFID
type, of the optical type or other equivalent system.
[0016] The system and the method of the invention al-
low the following advantages to be obtained:

- increased accuracy, higher than known systems,
with tolerance of [+/-15 um + 6 wm/m] (where m is
the meters of distance between the laser tracker and
the reflector; for example, if the distance is 5 meters,
the accuracy is 15 + (6x5) = +/-45 pm);

- quick measurement time (only about 10 minutes for
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the only measurement of the rollers of a whole seg-
ment, plus the manual alignment time of the rollers
which is equal to the manual alignment time of cur-
rent systems);

- the measurement is completely automatic and does
not require the use of any templates;

- the system is user friendly because it does not re-
quire any knowledge or experience to carry out the
measurement;

- theautomaticrecognition of the individual segments.

[0017] The dependent claims describe preferred em-
bodiments of the invention.

Brief description of the figures

[0018] Further features and advantages of the inven-
tion will be more apparent in light of the detailed descrip-
tion of a preferred, but not exclusive, embodiment of a
system for aligning rollers of continuous casting seg-
ments, shown by way of non-limiting example, with the
aid of the accompanying drawings in which:

Figure 1 depicts a side view of a first embodiment of
the system according to the invention;

Figure 2a depicts a side view of a properly aligned
cylindrical roller, with the three measurement zones
on the roller highlighted;

Figure 2b depicts a side view of a misaligned cylin-
drical roller, with the three measurement zones on
the roller highlighted;

Figure 2c depicts a side view of a properly aligned
cylindrical roller but bent (with subsequent eccen-
tricity), with the three measurement zones on the
roller highlighted;

Figure 2d depicts side views of a roller, with three
measuring points along a circumferential perimeter
of the roller highlighted;

Figure 3 depicts a diagram of a second embodiment
of the system according to the invention;

figure 4 depicts a diagrammatic view from the top of
the system in figure 3;

Figure 5 depicts a side view of a further embodiment
of the system according to the invention.

[0019] The same reference numerals in the drawings
identify the same elements or components.

Detailed description of preferred embodiments of the in-
vention

[0020] With reference to the drawings, preferred em-
bodiments are shown of a system for aligning rollers of
a containment and guide segment, or of a continuous
casting segment, suitable for containing and guiding a
cast product exiting from a crystallizer in a continuous
casting process.

[0021] The alignment system object of the present in-
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vention is a measurement system for measuring the po-
sition of the longitudinal axis of the rollers 9 of a contain-
ment and guide segment 8, which is used once segment
8 is removed from the casting line and is placed in a
specific maintenance zone. A containment and guide
segment 8 generally comprises a base structure on which
the cylindrical-shaped rollers 9 are arranged. Each roller
9 is supported at the ends by supports 9’, whose position
with respect to the base structure can be adjusted by
adding or removing at least one thickness between sup-
port 9’ itself and the base structure of segment 8.
[0022] Such a measurement system, globally indicat-
ed with numeral 1, comprises, in a first embodiment
thereof:

- a robot 2, which is preferably anthropomorphous,
having an arm 4 provided at one end thereof with a
reflector 5, and configured to move reflector 5 in or-
der to successively put it in contact with a plurality
of predetermined points of each roller 9 of the con-
tainment and guide segment 8,

- andalasertracker 3 for tracking reflector 5 by means
of a laser beam 20 and configured to calculate the
position in space of each of said predetermined
points so as to determine the position of the axis of
each roller 9.

[0023] The accuracy in the measurements is given by
the laser tracker 3 and the accuracy of the movement of
robot 2 is not important. The laser tracker 3 is capable
of assessing coordinates of points in space. It measures
the distance between itself and reflector 5, the Azimuth
angle and the Zenith angle. Due to a PSD sensor and a
camera, the laser tracker 3 tracks the reflector even if
the emission of the laser beam is interrupted.

[0024] Reflector 5 can be, for example, in the shape
of a calibrated ball in order to always guarantee the same
distance - equal to the radius of the ball - between the
measurement point - that is the middle of the ball - and
the surface of the roller in contact with the ball. A single
reflector 5 is advantageously provided, preferably con-
sisting of a single calibrated ball.

[0025] A position switch which operates in three or-
thogonal directions can be provided between the end of
arm 4 and reflector 5. This configuration ensures the con-
tact between reflector 5 and roller 9, allows reflector 5 to
be gently rested on the rollers without any significant im-
pact, and protects against any impacts.

[0026] Advantageously, itis possible to provide an ex-
tension 21 of the arm (Fig. 5) between arm 4 and reflector
5, or between arm 4 and any position switch; the use of
extension 21 allows to use robots having smaller size
with respect to the ones that would be necessary in the
absence thereof, thus allowing all points that may require
verifying to be reached.

[0027] Advantageously, a device for automatically rec-
ognizing the containment and guide segment of the cast-
ing curve can be provided.
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[0028] In a preferred embodiment, this recognition de-
vice is provided with an RFID reader 6 arranged in the
maintenance zone, which automatically reads the infor-
mation concerning the containment and guide segment
8 which is placed in said maintenance zone (Fig. 1), and
transmits it to processing means of the measurement
system adapted to process and impart movement com-
mands to robot 2 and, therefore, to reflector 5. Such in-
formationis stored in atag or RFID tag 7 fixed on segment
8, for example on the base structure thereof, and com-
prises predetermined points of each roller 9 on which the
measurements are to be performed and any data of any
previous measurements carried out at said predeter-
mined points of each roller. Said information further com-
prises CAD models of segment 8 from which the process-
ing means of the measurement system derive, in known
manner, the theoretical position of the longitudinal axis
of each roller 9 of the segment, that is the position of the
longitudinal axis of each roller at which all rollers of the
segment are aligned with one another. In other words,
the theoretical position of the longitudinal axis of each
roller 9 of the segment is the position at which all the
longitudinal axes of the rollers of the segment are lying
on a curvilinear surface corresponding in shape to the
shape of the casting curve.

[0029] Thereby, after the RFID reader 6 recognizes
segment 8, the CAD model of the segment and all the
previous measurements on the same segment are im-
ported by the processing means ofthe measurement sys-
tem.

[0030] Inapossiblevariantofthe solution,tags or RFID
tags can be provided on all rollers 9; it is therefore pos-
sible in this variant to know the previous inspections car-
ried out on each roller and to apply preventive mainte-
nance concepts. Indeed, the processing means load the
information concerning each roller and in certain cases
indicate the activities to be carried out without the need
to take the measurement (for example, if the roller has
already exceeded the maximum operating hours).
[0031] Alternatively, the automatic recognition device
can be of the optical type or other equivalent type. In the
variant with optical recognition device, an optical reader
reads the information concerning the containment and
guide segment 8 that is placed in the maintenance zone,
said information being stored in a tag in the form of a
barcode or other equivalent code, fixed on the segment.
[0032] More generally, tag 7, in the form of an RFID
tag or barcode, is fixed on the base structure of the seg-
ment and/or on each roller of the segment.

[0033] Furthermore, reader 6, of RFID type or of optical
type, arranged in the maintenance zone, can be provided
directly on robot 2.

[0034] Since they are provided with a database com-
prising initial geometric information of the rollers to be
measured, for example of shape and of theoretical posi-
tion, and possibly also comprising the geometric and po-
sition information detected previously, said processing
means are advantageously configured to perform a ge-
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ometric and position comparison between the geometric
and position information of the individual roller just meas-
ured and geometric and position information in the data-
base.

[0035] An important aspect comes from the fact that
by knowing exactly the shape and the size of the segment
and of the individual rollers - even if irregular in shape -
the processing means can compare such data with those
detected by means of reader 6, thus succeeding in im-
parting precise movement commands to robot 2, opti-
mizing the movement of reflector 5, while also avoiding
any obstacles.

[0036] A further advantage lies in the fact that it is pos-
sible to provide driving means for transmitting a rotational
motion to roller 9 during the measurement with reflector
5 in contact therewith, said driving means being prefer-
ably connected to robot 2. Reflector 5 is therefore held
in contact with roller 9, which is put into rotation; thereby,
it is possible to appreciate any eccentricities of the roller.
[0037] Inasecond embodiment of the invention, which
comprises all the features described above for the first
embodiment, robot 2 is installed on a jib crane 10 (Fig.
3), adapted to move robot 2 in order to reach any point
of any roller 9 of segment 8 (Fig. 4).

[0038] In Fig. 4 for example, the jib crane 10 can be
moved from a middle position, depicted by a solid line,
to the side positions 10’, 10", indicated with dotted lines.
A respective area of action 11, 11’, 11" of robot 2 corre-
sponds to each of the three positions of the jib crane. It
can be seen that these three areas of action 11, 11,
11" covers all the rollers 9 of segment 8.

[0039] The additional advantage of this second em-
bodiment is that it allows the use of a smaller robot 2,
thus reducing weight and costs of the robot. Among other
things, the accuracy of the movement of the jib crane 10
is not important because the accuracy in the measure-
ments is given by the laser tracker.

[0040] A further advantage lies in the possibility of pro-
viding an extension of the arm between arm 4 of the robot
andreflector 5, or between arm 4 and any position switch;
the use of the extension also allows smaller cranes to be
used with respect to the ones that would be necessary
in the absence thereof, thus allowing all points which may
require verifying, to be reached.

[0041] By using the embodiments of the measurement
system described above, itis possible to carry outa meth-
od for aligning the longitudinal axes of the rollers 9 of a
containment and guide segment 8, which comprises the
following steps:

a) positioning the containment and guide segment 8
in a maintenance zone;

b) determining, by means of robot 2 and the laser
tracker 3, the position in space of segment 8;

c) carrying out the measurements of the position in
space, by means of robot 2 and the laser tracker 3,
of predetermined points for determining the informa-
tion to be obtained: for example, a plurality of points
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of at least two zones of each roller can be measured
so as to calculate the position of the axis of each
roller;

d) processing the measurements carried out in step
c), by comparing the data collected in the various
measuring points, to generate a list of mechanical
adjustments to be performed on each roller 9 of seg-
ment 8 to align the axes of the rollers 9 along a pre-
determined surface;

e) carrying out said mechanical adjustments,

[0042] Advantageously, before step b), there is provid-
ed a recognition, by means of the automatic recognition
device, of the containment and guide segment 8 of the
casting curve which allows the predetermined points of
each roller on which to carry out the measurements of
step c), to be loaded into the measurement system, thus
automatically defining said predetermined points, and
any previous measurements or inspections carried out
on the same segment. Once the type of segment is rec-
ognized, the system practically automatically knows the
points of the rollers where the measurements are to be
taken. Such automatic recognition allows, by means of
reader 6, information on the segment and/or on each
roller to be read from at least one tag 7 fixed on the seg-
ment, and the information to be transmitted to the
processing means of the measurement system, said in-
formation comprising said predetermined points of each
roller 9 on which to carry out the measurements of step
c), and said any previous measurements carried out on
the rollers of the same segment.

[0043] Initial zero measurements are in practice car-
ried outin step b), adapted to determine the exact position
in space of the segment with respect to a reference sys-
tem (x, y, 2).

[0044] In step c) for example, at least two zones of
each roller, which preferably comprise the two ends, can
be the subject of measurement. Furthermore, it is pref-
erable to carry out the measurements on at least three
points along the circumferential perimeter of each of said
at least two zones. Even more preferably, at least three
zones of each roller, which comprise the two ends and
the middle zone of the roller, can be the subject of meas-
urement. Therefore in this step c), measurements re-
quired to understand the position and the conditions of
each roller are carried out.

[0045] In step d), the processing comprises the steps
of:

- calculating the actual position in space of the axis of
each roller by using the coordinates of at least six
measuring points per roller: for example, three meas-
uring points along the circumferential perimeter at
both ends of the roller;

- comparing the actual position of the axis of each roll-
erwith arespective theoretical position of eachroller,
at which the rollers of the segment are aligned with
one another;
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- calculating the shiftto impose to the supports of each
roller so as to bring the axis thereof to the proper
position, that is to said theoretical position.

[0046] The theoretical position of each roller 9 of seg-
ment 8 can be preferably derived from the CAD models
of the segment, which are pre-stored in tag 7.

[0047] By measuring atleast nine points perroller, that
is by providing three additional measuring points along
the circumference or circumferential perimeter of the mid-
dle zone of the roller, it is also possible to calculate any
bending of the roller. By carrying out the measurements
in atleast three points along the circumferential perimeter
of each of said three zones (the two ends and the middle
zone), it is therefore possible to calculate the eccentricity
of each roller. It is also possible to obtain the radius of
the roller in the three different zones by assessing the
degree of wear thereof.

[0048] The mechanical adjustments can be mainly of
three types:

- adding shims between support 9’ of roller 9 and the
base structure of the segment if the axis of the roller
is to be raised;

- removing shims between support 9’ of roller 9 and
the base structure of the segment if the axis of the
roller requires to be lowered;

- replacing the roller in the case of excessive wear or
reaching the maximum operating time.

[0049] The mechanical adjustments carried outin step
e) are therefore generally carried out with shims which
are added to orremoved from the supports 9’ of therollers
9 to vary the alignment thereof depending on the instruc-
tions obtained in step d).

[0050] Itis also possible to provide the use of a pair of
Google-glasses by means of which, when the operator
looks ata segment/aroller, all the information concerning
the segment/roller is displayed and the adjustments to
be carried out to perform the alignment of the rollers are
indicated. It is possible to reduce the time required for
the adjustment activities by means of this further func-
tionality, and the work of the operator becomes more
practical and safer.

[0051] After step e), that is the actual alignment of the
rollers of the containment and guide segment, which is
carried out manually, a further inspection is carried out
on the segmentto verify the correctness of the operations
carried out and to possibly further correct the position of
the rollers.

Claims

1. A measurement system (1) for measuring the posi-
tion of the longitudinal axis of the rollers of a contain-
ment and guide segment, adapted to contain and
guide a cast product exiting from a crystallizer in a
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continuous casting process, the system comprising

- a robot (2) having an arm (4) provided at one
end thereof with a reflector (5), said robot being
adapted to move the reflector (5) in order to suc-
cessively put it in contact with a plurality of pre-
determined points of each roller of the contain-
ment and guide segment,

- alasertracker (3) adapted to track said reflector
(5) by means of a laser beam and to calculate
the position in space of each of said points so
as to determine the position of the axis of each
roller,

- processing means adapted to process and im-
part movement commands to the robot (2) and,
therefore, to the reflector (5),

- at least one tag (7) fixed on the segment (8)
and containing pre-stored information on the
segment and/or on each roller therein, said in-
formation comprising said predetermined points
of each roller (9) and any previous measure-
ments carried out at said predetermined points
of each roller,

- a device for automatically recognizing the con-
tainment and guide segment, provided with a
reader (6) adapted to read said information on
the segment and/or on each roller and to trans-
mit it to the processing means, whereby said
processing means impart consequent move-
ment commands to the robot (2).

A system according to claim 1, wherein said reader
(6) is an RFID reader and said at least one tag (7)
isan RFID tag, orwherein said reader (6) is an optical
reader and said at least one tag (7) is a barcode.

A system according to claim 1 or 2, wherein said tag
(7)is fixed on a base structure of the segment and/or
on each roller of the segment.

A system according to any one of the preceding
claims, wherein said information further comprises
CAD models of the segment (8) whereby the
processing means of the measurement system can
derive the theoretical position of the longitudinal axis
of each roller (9) of the segment (8).

A system according to any one of the preceding
claims, wherein the robot (2) is an anthropomor-
phous robot.

A system according to any one of the preceding
claims, wherein the reflector (5) consists of a single
calibrated ball.

A system according to any one of the preceding
claims, wherein driving means are provided for trans-
mitting a rotational motion to a roller during the meas-
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urement with the reflector thereon, said driving
means being connected to the robot (2).

A system according to any one of the preceding
claims, wherein therobot (2) isinstalled on ajib crane
(10), adapted to move the robot in order to reach
with the reflector (5) any point of any roller of the
segment.

A system according to any one of the preceding
claims, wherein a position switch is provided be-
tween the end of the arm (4) and the reflector (5).

A method for aligning the longitudinal axes of the
rollers of a containment and guide segment, adapted
to contain and guide a cast product exiting from a
crystallizer in a continuous casting process, the
method being carried out by a measurement system
according to claim 1 and comprising the following
steps:

a) positioning the containment and guide seg-
ment (8) in a measuring zone;

b) determining, by means of the robot (2) and
the laser tracker (3), the position in space of the
segment (8);

c) carrying out the measurements of the position
in space, by means of the robot (2) and the laser
tracker (3), of a plurality of predetermined points
of each roller;

d) processing the measurements carried out in
step c) for generating a list of mechanical ad-
justments to be performed on each roller of the
segment for aligning the axes of the rollers of
the segment along a predetermined surface;
e) carrying out said mechanical adjustments,

wherein there is provided, before step b), a recogni-
tion, by means of an automatic recognition device,
of the containment and guide segment (8) which al-
lows, by means of a reader (6), information on the
segment and/or on each roller to be read from at
least one tag (7) fixed on the segment, and the in-
formation to be transmitted to the processing means
of the measurement system, said information com-
prising said predetermined points of each roller (9)
on which to carry out the measurements of step c)
and any previous measurements carried out on the
rollers of the same segment.

A method according to claim 10, wherein said infor-
mation comprises the theoretical position of each
roller (9) of the segment (8) at which the rollers of
the segment are aligned with one another; and
wherein step d) comprises the steps of:

- calculating the actual position of the longitudi-
nal axis of each roller in space using the coor-
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12.

13.

14.

15.

dinates measured in step c), of at least three
points along the circumferential perimeter of
each of at least two zones of each roller;

- comparing the actual position of the longitudi-
nal axis of each roller with a respective theoret-
ical position of the longitudinal axis;

- calculating the shift to impose to the supports
(9) of each roller (9) so as to bring the longitu-
dinal axis thereof to the respective theoretical
position.

A method according to claim 11, wherein the theo-
retical position of each roller (9) of the segment (8)
is derived from the reading of CAD models of the
segment (8) pre-stored to said tag (7), fixed on the
segment and/or on each roller of the segment.

A method according to claim 11, wherein in step c),
measurements are carried outin atleast three points
along the circumferential perimeter of each of only
two zones of each roller.

A method according to claim 11, wherein in step c),
measurements are carried outin atleast three points
along the circumferential perimeter of each of three
zones of each roller: a first zone being at a first end
of the roller, a second zone being at a second end
of the roller; and a third zone being at a middle zone
of the roller.

A method according to any one of claims 10 to 14,
wherein said mechanical adjustments comprise at
least one of the following operations:

- adding shims between at least one support (9’)
of at least one roller (9) and the base structure
of the segment;

- removing shims between at least one support
(9) of at least one roller (9) and the base struc-
ture of the segment;

- replacing at least one roller.

Patentanspriiche

1.

Messsystem (1) zum Messen der Position der
Langsachse von Rollen eines Aufnahme- und Fih-
rungssegments, das geeignet ist, Gusserzeugnisse,
die in einem Stranggussverfahren einen Kristallisa-
tor verlassen, aufzunehmen und zu flihren, wobei
das System aufweist:

- einen Roboter (2) mit einem Arm (4), der an
einer Seite mit einem Reflektor (5) versehen ist,
wobei der Roboter geeignet ist, den Reflektor
(5) so zu bewegen, dass dieser nacheinander
mit einer Vielzahl von vorbestimmten Punkten
einer jeden Rolle des Aufnahme- und Fiihrungs-
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segments in Kontakt gebracht werden kann,

- einen Laser-Tracker (3), der geeignet ist, den
Reflektor (5) mittels eines Laserstrahls zu ver-
folgen und die Position eines jeden Punkts im
Raum zu berechnen, um die Position der Achse
einer jeden Rolle zu bestimmen,

- Verarbeitungsmittel zum Verarbeiten und
Ubermitteln von Verfahrbefehlen an den Robo-
ter (2) und somit an den Reflektor (5);

- zumindest ein Etikett (7), das am Segment (8)
befestigt ist und vorab gespeicherte Informatio-
nen zu dem Segment und / oder dessen Rollen
beinhaltet, wobei die Informationen die vorbe-
stimmten Punkte einer jeden Rolle (9) und jeg-
liche vorher durchgefiihrten Messungen an den
vorbestimmten Punkten einer jeden Rolle bein-
halten,

- Vorrichtung zum automatischen Erfassen des
Aufnahme- und Flihrungssegments, die mit ei-
nem Leser (6) versehen ist, der geeignet ist, die
Informationen auf dem Segment und / oder des-
sen Rollen zu lesen und diese an die Verarbei-
tungsmittel zu bermitteln, wobei die Verarbei-
tungsmittel daraus folgend Verfahrbefehle an
den Roboter (2) Gbermitteln.

System gemaR Anspruch 1, wobei der Leser (6) ein
RFID-Leser und das Etikett (7) ein RFID-Etikett ist,
oder der Leser (6) ein optischer Leser und das Etikett
(7) ein Barcode ist.

System gemal Anspruch 1 oder 2, wobei das Etikett
(7) an einer Grundstruktur des Segments und / oder
an jeder Rolle des Segments befestigt ist.

System gemal einem der vorigen Anspriiche, wobei
die Informationen der weiteren CAD-Modelle des
Segments (8) beinhalten, wobei die Verarbeitungs-
mittel des Messsystems die theoretische Position
der Langsachse einer jeden Rolle (9) des Segments
(8) erhalten kdnnen.

System gemal einem der vorigen Anspriiche, wobei
der Roboter (2) von menschendhnlicher Gestalt ist.

System gemal einem der vorigen Anspriiche, wobei
der Reflektor (5) aus einer einzelnen kalibrierten Ku-
gel besteht.

System gemal einem der vorigen Anspriiche, wobei
Antriebsmittel vorgesehen sind, um wahrend der
Messung eine rotatorische Bewegung an die Rolle
mit dem darauf befindlichen Reflektor zu tGbertragen,
wobei die Antriebsmittel mit dem Roboter (2) ver-
bunden sind.

System gemal einem der vorigen Anspriiche, wobei
der Roboter (2) auf einem Auslegerkran (10) mon-
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10.

1.

tiertist, der geeignetist, den Roboter so zu bewegen,
dass er mitdem Reflektor (5) jeden Punkt einerjeden
Rolle des Segments erreicht.

System gemal einem der vorigen Anspriiche, wobei
zwischen dem Ende des Arms (4) und dem Reflektor
(5) ein Positionsschalter vorgesehen ist.

Verfahren zum Ausrichten der Langsachsen von
Rollen eines Aufnahme- und Fihrungssegments,
das geeignet ist, Gusserzeugnisse, die in einem
Stranggussverfahren einen Kristallisator verlassen,
aufzunehmen und zu fiihren, wobei das Verfahren
durch ein Messsystem gemaf Anspruch 1 durchge-
fihrt wird und folgende Schritte aufweist:

a) Positionieren des Aufnahme- und Fiihrungs-
segments (8) in einer Messzone;

b) Bestimmen der Position des Segments (8) im
Raum mittels des Roboters (2) und des Laser-
Trackers (3);

c) Durchfiihren der Messungen der Position ei-
ner Vielzahl von vorgegebenen Punkten einer
jeden Rolle im Raum mittels des Roboters (2)
und des Laser-Trackers (3);

d) Verarbeiten der in Schritt c) durchgefiihrten
Messungen zum Erstellen einer Liste von me-
chanischen Justierungen, die an jeder Rolle des
Segments durchzufiihren sind, um die Achsen
der Rollen des Segments entlang einer vorge-
gebenen Flache auszurichten;

e) Durchfiihren der mechanischen Justierun-
gen,

wobei vor Schritt b) mittels einer automatischen Er-
kennungsvorrichtung eine Erkennung des Aufnah-
me- und Fihrungssegments (8) vorgesehen ist, die
mittels eines Lesers (6) erlaubt, dass Informationen
zu dem Segment und / oder jeder Rolle von dem
zumindest einen Etikett (7) gelesen werden kénnen,
das an dem Segment befestigt ist und dass die In-
formationen an die Verarbeitungsmittel des Mess-
systems Ubermittelt werden, wobei die Informatio-
nen die vorgegebenen Punkte einer jeden Rolle (9),
an denen die Messungen aus Schritt c) durchgeflhrt
werden sollen, und jegliche vorherige Messungen
aufweisen, die an den Rollen desselben Segments
durchgefiihrt wurden.

Verfahren gemal Anspruch 10, wobei die Informa-
tionen die theoretische Position einer jeden Rolle (9)
des Segments (8) beinhalten, an der die Rollen des
Segments miteinander ausgerichtet sind; und wobei
Schritt d) die folgenden Schritte aufweist:

- Berechnen der aktuellen Position der Langs-
achse einer jeden Rolle im Raum unter Verwen-
dung der in Schritt c) gemessenen Koordinaten
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von zumindest drei Punkten entlang des umlau-
fenden Umfangs eines jeden von zumindest
zwei Bereichen einer jeden Rolle;

- Vergleichen der aktuellen Position der Langs-
achse einer jeden Rolle mit einer zugehdrigen
theoretischen Position der Langsachse;

- Berechnen der nétigen Verschiebung des Tra-
gers (9') einer jeden Rolle (9), um deren Langs-
achse in die zugehorige theoretische Position
zu bringen.

Verfahren gemaR Anspruch 11, wobei die theoreti-
sche Position einer jeden Rolle (9) des Segments
(8) durch das Auslesen der CAD-Modelle des Seg-
ments (8), die auf dem Etikett (7) gespeichert sind,
das an dem Segment und/oder an einer jeden Rolle
des Segments befestigt ist.

Verfahren gemaf Anspruch 11, wobei in Schritt c)
Messungen an zumindest drei Punkten entlang des
umlaufenden Umfangs eines jeden von lediglich
zwei Bereichen einer jeden Rolle durchgeflhrt wer-
den.

Verfahren gemaf Anspruch 11, wobei in Schritt c)
Messungen an zumindest drei Punkten entlang des
umlaufenden Umfangs eines jeden von drei Berei-
chen einer jeden Rolle durchgefiihrt werden: ein ers-
ter Bereich an einem ersten Ende der Rolle, ein zwei-
ter Bereich an einem zweiten Ende der Rolle und ein
dritter Bereich im mittleren Bereich der Rolle.

Verfahren gemal einem der Anspriiche 10 bis 14,
wobei die mechanischen Justierungen zumindest ei-
nen der folgenden Vorgange aufweist:

- Hinzufligen von Scheiben zwischen zumindest
einem Trager (9’) einer jeden Rolle (9) und der
Grundstruktur des Segments;

- Entfernen von Scheiben zwischen zumindest
einem Trager (9’) einer jeden Rolle (9) und der
Grundstruktur des Segments;

- Auswechseln zumindest einer Rolle.

Revendications

Systeme de mesure (1) pour mesurer la position de
I'axe longitudinal des rouleaux d’'un segment de ré-
tention et de guidage, adapté pour retenir et guider
un produit coulé sortant d’'un cristalliseur dans un
procédeé de coulée continue, le systeme comprenant

-un robot (2) ayant un bras (4) pourvu au niveau
d’une de ses extrémités avec un réflecteur (5),
ledit robot étant adapté pour déplacer le réflec-
teur (5) afin de le mettre successivementen con-
tact avec une pluralité de points prédéterminés
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de chaque rouleau du segment de rétention et
de guidage,

- un dispositif de poursuite laser (3) adapté pour
poursuivre ledit réflecteur (5) au moyen d'un
faisceau laser et pour calculer la position dans
I'espace de chacun desdits points de fagon a
déterminer la position de I'axe de chaque rou-
leau,

- un moyen de traitement adapté pour traiter et
communiquer des ordres de déplacementau ro-
bot (2) et, par conséquent, au réflecteur (5),

- au moins une étiquette (7) fixée sur le segment
(8) et contenant des informations pré-stockées
sur le segment et/ou sur chaque rouleau a l'in-
térieur, lesdites informations comprenant lesdits
points prédéterminés de chaque rouleau (9) et
toute mesure préalable réalisée au niveau des-
dits points prédéterminés de chaque rouleau,

- un dispositif de reconnaissance automatique
du segment de rétention et de guidage, pourvu
d’'un lecteur (6) adapté pour lire lesdites infor-
mations sur le segment et/ou sur chaque rou-
leau et pour les transmettre au moyen de traite-
ment, moyennant quoileditmoyen de traitement
communique des ordres de déplacement résul-
tants au robot (2).

Systeme selon la revendication 1, dans lequel ledit
lecteur (6) est un lecteur RFID et ladite au moins une
étiquette (7) est une étiquette RFID, ou dans lequel
ledit lecteur (6) est un lecteur optique et ladite au
moins une étiquette (7) est un code-barres.

Systeme selon la revendication 1 ou 2, dans lequel
ladite étiquette (7) estfixée surune structure de base
du segment et/ou sur chaque rouleau du segment.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel lesdites informations com-
prennent en outre des modéles de CAO du segment
(8) moyennant quoi le moyen de traitement du sys-
téme de mesure peut dériver la position théorique
de I'axe longitudinal de chaque rouleau (9) du seg-
ment (8).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le robot (2) est un robot
anthropomorphique.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le réflecteur (5) est cons-
titué d’une bille étalonnée unique.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel des moyens d’entraine-
ment sont prévus pour transmettre un mouvement
de rotation a un rouleau pendant la mesure avec le
réflecteur dessus, lesdits moyens d’entrainement
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étant raccordés au robot (2).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le robot (2) est installé sur
une grue (10), adaptée pour déplacer le robot afin
d’atteindre avec le réflecteur (5) tout point de tout
rouleau du segment.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel un commutateur de posi-
tion est prévu entre I'extrémité du bras (4) et le ré-
flecteur (5).

Procédé d’alignement des axes longitudinaux des
rouleaux d’'un segment de rétention et de guidage,
adapté pour retenir et guider un produit coulé sortant
d’un cristalliseur dans un procédé de coulée conti-
nue, le procédé étant réalisé par un systéeme de me-
sure selon la revendication 1 et comprenant les éta-
pes suivantes :

a) le positionnement du segment de rétention et
de guidage (8) dans une zone de mesure ;

b) la détermination, au moyen du robot (2) et du
dispositif de poursuite laser (3), de la position
dans I'espace du segment (8) ;

c) la réalisation des mesures de la position dans
'espace, au moyen du robot (2) et du dispositif
de poursuite laser (3), d’'une pluralité de points
prédéterminés de chaque rouleau ;

d) le traitement des mesures réalisées a I'étape
c) pour générer une liste de réglages mécani-
ques a réaliser sur chaque rouleau du segment
pour aligner les axes des rouleaux du segment
le long d’'une surface prédéterminée ;

e) la réalisation desdits réglages mécaniques,

dans lequel est prévue, avant I'étape b), une recon-
naissance, au moyen d’un dispositif de reconnais-
sance automatique, du segment de rétention et de
guidage (8) qui permet, au moyen d’un lecteur (6),
delire des informations sur le segment et/ou sur cha-
querouleau a partir d’au moins une étiquette (7) fixée
sur le segment, et de transmettre les informations
au moyen de traitement du systéme de mesure, les-
dites informations comprenant lesdits points prédé-
terminés de chaque rouleau (9) sur lesquels il faut
réaliser les mesures de I'étape c) et toute mesure
préalable réalisée sur les rouleaux du méme seg-
ment.

Procédé selon la revendication 10, dans lequel les-
dites informations comprennentla position théorique
de chaque rouleau (9) du segment (8) a laquelle les
rouleaux du segment sont alignés les uns avec les
autres ; et dans lequel I'étape d) comprend les éta-
pes de :
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- calcul de la position effective de I'axe longitu-
dinal de chaque rouleau dans I'espace a l'aide
des coordonnées mesurées a I'étape c), d’'au
moins trois points le long du périmetre circonfé-
rentiel de chacune d’au moins deux zones de
chaque rouleau ;

- comparaison de la position effective de I'axe
longitudinal de chaque rouleau avec une posi-
tion théorique respective de I'axe longitudinal ;
- calcul du décalage a imposer aux supports (9’)
de chaque rouleau (9) de fagon a en amener
I'axe longitudinal a la position théorique respec-
tive.

Procédé selon la revendication 11, dans lequel la
position théorique de chaque rouleau (9) du segment
(8) est dérivée de la lecture de modeéles de CAO du
segment (8) pré-stockés dans ladite étiquette (7),
fixée sur le segment et/ou sur chaque rouleau du
segment.

Procédé selon la revendication 11, dans lequel a
I’étape c), des mesures sontréalisées dans au moins
trois points le long du périmétre circonférentiel de
chacune de seulement deux zones de chaque rou-
leau.

Procédé selon la revendication 11, dans lequel a
I’étape c), des mesures sontréalisées dans au moins
trois points le long du périmétre circonférentiel de
chacune de trois zones de chaque rouleau : une pre-
miére zone se trouvant au niveau d’'une premiére
extrémité du rouleau, une deuxiéme zone se trou-
vant au niveau d’une seconde extrémité du rouleau ;
et une troisieme zone se trouvant au niveau d’une
zone milieu du rouleau.

Procédé selon 'une quelconque des revendications
10 a 14, dans lequel lesdits réglages mécaniques
comprennent au moins l'une des opérations
suivantes :

- I'ajout de cales entre au moins un support (9’)
d’au moins un rouleau (9) et la structure de base
du segment ;

- 'enlévement de cales entre au moins un sup-
port (9’) d’au moins un rouleau (9) et la structure
de base du segment ;

- le remplacement d’au moins un rouleau.
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