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An automated method for straightening/correcting deformations made to panels when welded to metallic structural components is
disclosed. In the train industry, when an aluminum component, such as a vehicle's exterior shell, is welded to hidden structural
parts, deformations thereon may occur. Such deformations need to be subsequently corrected, and the present method uses
robots and optical measuring of the deformed surfaces to conduct a straightening thereof. The method includes four main steps.
First, the deformed surface is scanned with an optical sensor to make physical measures/characterizations thereof. Second, the
gathered data are compared with the desired resultant by a software. Third, once the comparison is done, the software performs
an analysis to select the proper parameters to be used in the straightening method that will be applied at each area requiring
straightening. Finally, a robot executes the operations specified by the software to perform the straightening process.
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ABSTRACT

An automated method for straightening/correcting deformations made to
panels when welded to metallic structural components is disclosed. In the train
industry, when an aluminum component, such as a vehicle’s exterior shell, is welded
to hidden structural parts, deformations thereon may occur. Such deformations need
to be subsequently corrected, and the present method uses robots and optical
measuring of the deformed surfaces to conduct a straightening thereof. The method
includes four main steps. First, the deformed surface is scanned with an optical
sensor to make physical measures/characterizations thereof. Second, the gathered
data are compared with the desired resultant by a software. Third, once the
comparison is done, the software performs an analysis to select the proper
parameters to be used in the straightening method that will be applied at each area
requiring straightening. Finally, a robot executes the operations specified by the

software to perform the straightening process.
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TITLE

METHOD FOR AUTOMATED STRAIGHTENING OF WELDED ASSEMBLIES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] N/A.
FIELD
[0002] The present subject-matter relates to welded assemblies and, more

particularly, to the correction of deformations defined in sub-assemblies, e.g. panels,

of such welded assemblies.

BACKGROUND

[0003] When metallic panels are welded on supporting structural elements, it is
well known that this may cause deformations in the panels. For instance, such
panels, which can be outside body panels of vehicles, are relatively thin. When
subjected to the heat required for welding the panels to supporting structural
elements located behind them, deformations are generated in the panels. Such
deformations can generally be corrected manually, but this has a detrimental effect

on the whole cost of the manufacturing process.

[0004] U.S. Patent No. 6,438,442 issued on August 20, 2002 to Guericke et al.
and entitled “Method for Automatic Conducting of a Straightening Process” discloses
a method for automatically conducting a straightening process for an object to be
straightened, such as sheet metal, strips, sections, pipes, and particularly for wire-like
or multiwire-like objects, using a straightening device or a levelling machine. The
method uses at least one mangle roll which can be adjusted by an actuator. A
process simulation model of a straightening process that is to be conducted, and a
process simulation program are set up. The process simulation program directly gives

"online" the settings of the adjustable mangle rolls. During the straightening process,
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changes in the product data, in particular in the material characteristics and/or in the
dimensions of the objects to be straightened which influence the realization of the
straightening process, are recorded. From these, data for setting the adjustable
mangle rolls are also calculated, and signals are emitted for the automatic setting of

the adjustable mangle rolls using the at least one actuator.

[0005] U.S. Patent No. 4,425,776, issued on January 17, 1984 to Judge, Jr.
and entitled “Production Workpiece Straightening System” describes a production
system for simultaneously correcting multiple distortions in multiple extensions of an
irregular workpiece, such as steering knuckles for automotive vehicles, within
tolerance requirements. For each distortion, there is provided a gauge for determining
direction and magnitude automatically employed to monitor corrective deflection
beyond yield point under an electronic controller program that automatically initiates,
controls, and terminates simultaneous corrective deflection in either or both of two
planes at each of the muitiple workpiece locations. The electronic controller program
is adapted to vary with the relative as well as the individual distortions and to update
the straightening program with the straightening experience data of each successive
workpiece in order to approach an optimum of simultaneous single stroke corrective
deflection of the multiple distortions in muitiple blanes within total workpiece
tolerances.

[0006] Therefore, it would be desirable to provide an apparatus and/or a

process to automate the straightening of welded workpieces.

SUMMARY

[0007] it would thus be desirable to provide a novel apparatus and/or process

for straightening welded workpieces, such as panels.

[0008] The embodiments described herein provide in one aspect an automated
method for at least partly straightening deformations in a panel and the like,
comprising:

[0009] a) scanning a deformed surface of the panel to gather data thereon:

2
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[00010] b) comparing the gathered data of step a) with a desired result;

[00011] c) performing an analysis of the compared data of step b) for selecting

at least one parameter to be used in a surface straightening step; and

[00012] d) executing on the deformed surface straightening operations dictated

by the at least one parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[00013] For a better understanding of the embodiments described herein and to
show more clearly how they may be carried into effect, reference will now be made,
by way of example only, to the accompanying drawings, which show at least one

exemplary embodiment, and in which:

[00014] Fig. 1 is a schematic view of a method for straightening deformations in
metallic panels in accordance with an exemplary embodiment, which panels were

deformed typically during the welding thereof to a structural component;

[00015] Fig. 2 is a flow chart, which details the third analyzing step of Fig. 1, in

accordance with an exemplary embodiment;

[00016] Fig. 3 is a flow chart of an algorithm in accordance with an exemplary
embodiment;
[00017] Fig. 4 is a graph showing an example of a portion analysis, in

accordance with an exemplary embodiment; and

[00018] Fig. 5 is a schematic representation showing the highest deformation
points for all scanned portions of a panel, in accordance with an exemplary

embodiment.

DESCRIPTION OF VARIOUS EMBODIMENTS

[00019] It is well known in the manufacturing field, such as in the train
manufacturing industry, that welding operations may induce deformations in metallic

components (e.g. components made of aluminum, steel, etc.). For example, welding

3
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external sub-assemblies of a shell of a rail vehicle, such as panels, to its underlying
car body structure subjects those panels to deformations. These deformations need
to be subsequently corrected. The deformed shell panels are typically straightened
manually, using a flame torch to heat them up and relieve their internal stresses. The
straightening process typically consists in heating specific areas of the panels and
then rapidly cooling the same with water and/or any other appropriate means
constraining the panels by applying force. This way of repairing the panels may
however get costly and may yield inconsistent results as it is dependent on the
worker's skills level. The present subject-matter may also have applications other
than panels, such as any metallic structure or component having undergone a
thermal cycle (heating) or having been subjected to external constraints that produce
internal constraints that are sufficient to cause the metallic structure to deviate from
its nominal shape (and/or dimensions). A welded part will become deformed and can
thus be considered to be straightened or corrected using the present method and
system. The metallic structure may be made of panels, sheets, extrusions, beams,
rolled or formed tubes, etc. There are numerous applications for these metallic
structures in many technological fields, such as vehicles, bridge decks, etc. It is noted
that, depending on the specific application, an appfopriate heat source would be
used. It is further noted that the present method would not apply to parts that require

to be hammered in order for them to adopt their nominal shape and/or dimensions.

[00020] The present subject-matter is thus directed to the straightening of
panels, such as vehicle body panels, including panels made of sheet metal (also
known as skins) or of the double-sided hollow extrusion type. It also proposes the use
of robots (which is understood here to potentially include a robotic arm) and optical
measuring of the panel’s surfaces to conduct the straightening thereof, as described
in more details hereinafter. The same straightening method may potentially be
applied to other applications where deformations occur following a manufacturing
step, such as after a welding operation. It should be noted that in the present
description, the term straightening or straight should be understood as meaning

substantially back to its original or originally intended shape, whether a 2D or a 3D

4
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shape. Panels may be flat or curved and may have a rectangular or any other
geometric or irregular shape required to make up the shell covering the exterior of the

vehicle.

[00021] Applicant considers that the use of an automated straightening system
can reduce the costs and time spent on straightening the external panels of its
vehicles by having the automated straightening system automatically generating and
applying the straightening procedure based on a digitization of the panels’ surfaces.
The straightening is then carried out by virtue of laser-created residual stresses on
the surface of the panels, these residual stresses opposing the stresses already
present as a result of the welding operation. The automation of the process is based
on the manipulation of data generated by the 3D digitization of the panels or parts to
be straightened.

[00022] The present method can, for example, be described in four major steps,
as schematically illustrated in Fig. 1. First, a sub-assembly or panel 13 is scanned at
a first scanning step 10. Second, the scanning results are compared with reference
data at comparing step 12. Third, an analyzing step 14 is conducted to determine and
select straightening parameters. Finally, a straightening step 16 is performed to

straighten the panel 13. These steps will now be described in more details.

[00023] The scanning step 10 is performed using a measurement device
(optical, mechanical), such as a 3D scanner. In the present example, the
measurement device is an optical sensor 40 that uses, for instance, laser
triangulation to make physical measures/characterizations of the panel 13, with
photogrammetry being a possible alternative to laser triangulation. Note that a
position sensor, such as a Faro arm could also be used, but it usually requires more
time to scan the surface. Thus, in the scanning step 10, the optical sensor 40 is used
to scan the panel 13 and provide a cloud of data points corresponding to the surface
of the panel 13, each point of the cloud of points being defined by its own 3D
coordinates (X, Y, Z).
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[00024] Although the optical sensor 40 may be manually operated, the
manipulation of the optical sensor 40 over the surface is preferably automated using
a robot 48, typically having a robotic arm, to which is connected the optical sensor 40.
The robot 48 is therefore operative to manipulate the optical sensor 40 so as to scan
the entirety of the one or many panels 13 making up the vehicle shell. The robot 48
may be fixed to a static base and have a sufficient reach to scan the whole vehicle or
it may be fixed on a mobile base which may move along the vehicle. Alternatively, the
vehicle may move along a longitudinal axis, for example, and the robot 48 may be
fixed on a static base. In any case, the objective is for the optical sensor 40 to be able

to completely scan all of the panels of the vehicle shell.

[00025] At the comparing step 12, the gathered data is then compared with the
desired result (e.g.: tridimensional CAD) by a computer software 42. More
particularly, in the comparing step 12, the cloud of points obtained in the scanning
step 10 and representing the scanned surface of the panel 13 is compared with a
reference surface (which may be a 2D or a 3D CAD model). The comparison is made
by comparing, for example, the Z coordinate of the scanned and reference surfaces,
assuming that the X and Y coordinates are located in a flat plane of the reference
surface. As the Z coordinate represents a height of a point above the reference
surface, the deformation is determined by the difference between the scanned Z
coordinate and the reference Z coordinate. In other words, for an identical X and Y
coordinate, the Z coordinate is compared between the scanned panel surface and the
reference surface, such that a deformation of the panel can be determined along the
Z axis. This comparison step is performed using a software and computer so that it

can be rapidly and accurately performed.

[00026] Once the comparing step 12 is completed, a controller, which may use
a computer and software 42, performs an analysis at the analyzing step 14 to select
or define the proper parameters to be used for the upcoming straightening procedure
of the straightening step 16 to be applied to each area of the panel 13 requiring

straightening, as determined by the comparing step 12. The defined parameters may
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be selected from at least a trajectory, which the straightening tool is intended to follow
over the deformation, a lead speed of the straightening tool 46, a position of the
straightening tool 46, a laser power, etc. These can be monitored and, when required,

adjusted during the straightening process.

[00027] To select the proper straightening parameters in the analyzing step 14,
the software may use preset values or procedures, whether predefined or not,
developed for a specific area. For instance, the intended (i.e. non-deformed) shape of
the panel is preprogrammed and, in the comparing step 12, the measurements
gathered in the scanning step 10 by the optical sensor 40 are compared with the

preprogrammed or preset data of a non-deformed panel.

[00028] The computer and software 42 may also act in an intelligent manner, by
using an algorithm to calculate the proper path and parameters to correct the
measured deformations. Such an algorithm may be defined empirically (by way of
prior experiments) or by any other adequate means, such as artificial intelligence or

other self-teaching techniques or machine learning techniques.

[00029] Fig. 2 illustrates an example of a flow chart that is used for the
analyzing step 14 of Fig. 1. More particularly, once the gathered data of the panel 13
scanned during scanning 10 has been compared with the desired result, the
algorithm verifies at 20 if there is a standard corrective procedure for the identified
deformation. In the affirmative, the corrective parameters for this deformation are
transferred at 22 to an automated straightening controller used during the
straightening step 16. In the negative, the database is searched at 24 for known

procedures associated with a similar deformation case.

[00030] The results of this search are at 26, and if a similar deformation case
has been found, then the parameters of this similar deformation case are transferred
at 22 to the automated straightening controller. If at 26, no similar deformation case
has been identified, an algorithm is used at 28 to develop a new straightening

procedure adapted and appropriate for the specific deformation case.
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[00031] A flow chart of an example of an algorithm A used at 28 by the
automated straightening controller is shown in Fig. 3. In Fig. 3, the algorithm A looks
for the maxima, i.e. the highest deformation points for each portion along the length of
the scan. In the present example, the case is simplified as it represents a scanned

area of the panel 13 having a single crest.

[00032] More particularly, the algorithm A first loads at 50 the 3D scan of the
panel to straighten, and then removes at 52 data points that are considered invalid.
At 54, the algorithm A slices the scanned surface in small strips of a determined width
(the width corresponding to the X axis), thereby creating areas, strips or portions 67
of the surface to be analyzed. Fig. 5 depicts the scanned surface and each portion 67
to be analyzed. The width of those portions may vary depending on the required
accuracy. At 56, the algorithm A screens the data points and retains only the data
points for the current portion. Such data points are shown at 58 in Fig. 4. Fig. 4
illustrates a schematic graph of an exemplary portion analysis, associated with the
flow chart of Fig. 3.

[00033] For each portion 67, the algorithm A then determines at 59 a cross-
section 69 of the portion 67 in the YZ plane using the cloud of data points 62, as
shown in Fig. 4. The algorithm A then determines at 60 a median line 61 describing
the shape of this cross-section 69. At 64, the algorithm A determines a maximum 30
(the highest point in the Z direction) of the median line 61, and then at 66, the
algorithm A computes a polynomial expression that best matches the shape of the
median line 61. When plotted, this polynomial expression corresponds to a trend line
6 in Fig. 4.

[00034] At 70, the algorithm A computes the derivative of the polynomial
expression and, using the numerical values of this derivative on both sides of the
maximum 30, the algorithm A computes a ridge angle 8, herein referred to at 65, for
the current analyzed portion. At 72, the algorithm A determines if the portion 67 just
analyzed is the last portion of the scan to be analyzed; if it is not the last portion, then

steps 56, 60, 64, 66 and 70 are repeated. As shown in Fig. 5, once all the cross-

8
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sections 69 of all portions 67 to be analyzed have been analyzed, an image of the
scanned surface may be created, the maxima 30 representing a plurality of summits

making up a ridge line 63, and a mean ridge angle for all portions is computed at 74.

[00035] The algorithm A then determines at 76 if the mean ridge angle is above
a predetermined threshold angle. If the mean ridge angle is above the threshold
angle, the algorithm A selects the severe bend program at 78, whereas if the mean
ridge angle is not higher than the threshold angle, the algorithm A selects the
moderate bend program at 80. Optionally, more than one threshold could be pre-
determined such that this selection would be made from more than two different

programs.

[00036] The algorithm A then generates at 82Athe program for the robot 44,
wherein the maximum 30 of the cross-section 69 of each portion 67 becomes a point
on the trajectory of the straightening tool. It is however possible that the algorithm A
determines that the trajectory of the tool passes next to at least some of the maxima
30, and thus not directly thereon. Fig. 5 exemplifies these maxima 30, the highest
deformation points of each determined cross-sections 69 of the scanned portions 67
of the panel 13. Again, the series of maxima 30 define the ridge line 63, which
corresponds also to the trajectory of the straightening tool. The various shades of
grey in Fig. 5 indicate the level of deformation, corresponding to displacements of the
surface of the panel 13 along the Z axis. The darker zones along left and right sides
of the panel 13 show a smaller deformation than that of the lighter grey zones

appearing in the middie thereof.

[00037] The exemplary algorithm A selects a straightening strategy, that is a
specific combination of parameters (speed, power, etc.) as a function of the level of
deformation detected on the panel 13. In the present example, only two levels of
deformation are used: < 3 degrees (moderate bend at 80), and > 3 degrees (severe
bend at 78). To recognize the deformation levels, a data bank of 10 sample
measurements (5 per deformation level) was made available to the algorithm A for

comparison.
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[00038] The straightening strategies may be obtained by experimental
investigation. These straightening strategies take into consideration temperature
limits and heating duration limits associated with the panel 13. These limits are
specific to the material and are available from the literature, e.g. encyclopaedias. In
the present example, the only parameter being adjusted is the laser power level.
Also, in the present example, there is no dwell time in that the laser follows a
continuous trajectory, i.e. without stopping, whereas when a flame torch is used to
straighten a panel, it is often necessary to leave the flame at a same location for a
certain period of time in order to allow it to reach the appropriate temperature for a
precise area of the panel.

[00039] Finally, the robot 44 executes at the fourth straightening step 16 the
operations specified by the automated straightening controller, which uses the
software 42, taking into consideration the defined parameters at the analyzing step
14. The operations are contained in the straightening strategy. The robot 44 uses a
straightening tool 46 with the defined parameter(s) specified at the analyzing step 14
to conduct the straightening process. The straightening tool 46 may be, but is not
restricted to, a laser, an induction machine, or any other adequate device that can
heat or induce heat in the panel 13 to be straightened. As shown at 18 in Fig. 1,
various controls and adjustments can be provided in the straightening step 16. For
instance, a temperature monitoring device may be used during the straightening
process to ensure proper heating temperatures. This temperature monitoring device

could be, for example, a pyrometer or an infrared camera.

[00040] In the present example, applying the straightening strategy is sufficient
to straighten to an acceptable level the surface of the panel 13 to be straightened,

such that no physical intervention by a constraint mechanism needs to be used.

[00041] Economically, both robots 44 and 48 may actually be replaced by a
single robot equipped with a tool rack, allowing it to change its own tools. For
example, while the straightening tool 46 is used, the optical sensor 40 may be placed

in the tool rack and vice versa.

10
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[00042] Optionally, the optical measurements could also be conducted almost
simultaneously during the straightening process of the straightening step 16. In this
case, the single robot 48 holds both the optical sensor 40 and the straightening tool
46. The optical sensor 40 scans the surface of the panel 13 ahead of the
straightening tool 46 and sends the scanned data to the controller for analysis at step
12, which defines the required parameters at step 14 and which controls the
straightening tool 46 based on those defined parameters. Such a continuous online,
or real-time measurement and straightening process may then include a system that
is directly adaptive during the straightening process. Such a system may, for
example, adapt the straightening parameters depending on the reaction of the treated

area in a “live” or real-time manner.

[00043] The four steps 10, 12, 14 and 16 may also be conducted iteratively until
the desired results are obtained. After straightening, a final scan may be performed in

order to provide a final distortion report to workers.

[00044] The present method potentially reduces the straightening time, and also
reduces the variability related to worker skills and perceptions. Furthermore, the
proposed method improves the results and precision of the straightening process.
Interestingly, the present straightening process may also contribute to decreasing the
weight of a finished vehicle as putty used to even the surface of the external panels of

the shell is reduced or even eliminated.

[00045] While the above description provides examples of the embodiments, it
will be appreciated that some features and/or functions of the described embodiments
are susceptible to modification without departing from the spirit and principles of
operation of the described embodiments. Accordingly, what has been described
above has been intended to be illustrative of the embodiments and non-limiting, and it
will be understood by persons skilled in the art that other variants and modifications
may be made without departing from the scope of the embodiments as defined in the
claims appended hereto.

11
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CLAIMS

1. An automated method for at least partly correcting deformations in a metallic

component and the like, comprising:

a) using a sensor, scanning a deformed surface of the metallic component to

gather data thereon;

b) using a software, comparing the gathered data of step a) with a desired

result of the metallic component and the like;

c) performing an analysis of the compared data of step b) for selecting at least

one parameter to be used in correcting operations; and

d) executing on the deformed surface the correcting operations by inducing
heat in the deformed surface so as to bring the deformed surface closer to the
desired result, the correcting operations using the at least one parameter.

2. The method of Claim 1, wherein in step a), the deformed surface is scanned

with an optical sensor.
3. The method of any one of Claims 1 and 2, wherein in step a), the data
gathered includes at least one of measures and characterizations of the deformed

surface.

4, The method of any one of Claims 1 to 3, wherein in step c), the analysis is

performed using the software.

5. The method of any one of Claims 1 to 4, wherein in step c¢), the at least one
selected parameter is adapted to be applied at each area of the deformed surface
requiring correcting.

12
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6. The method of any one of Claims 1 to 5, wherein in step d), the correcting
operations are specified by the software and are based on the at least one parameter
selected in step c).

7. The method of any one of Claims 1 to 6, wherein steps a) and d) are controlled

by a controller.

8. The method of Claim 7, wherein steps b) and c) are aiso controlled by the
controller.
9. The method of any one of Claims 7 and 8, wherein in step d), the executing of

the correcting operations is performed using a heat-inducing straightening tool, the
straightening tool is connected to a robot controlled by the controlier, and the

controlier uses the software.

10. The method of Claim 9, wherein step d) is performed without physical contact
with the metallic component.

11.  The method of Claim 10, wherein the straightening tool uses a laser mounted

on a robotic arm, the robotic arm being part of the robot.

12. The method of any one of Claims 1 to 11, wherein the sensor is a 3D laser

scanner and wherein step a) is performed using the 3D laser scanner.

13. The method of any one of Claims 1 to 12, wherein the at least one parameter
in step c) is selected from a list consisting of power, time, deformations, trajectory and

temperature.

13
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14. The method of any one of Claims 1 to 13, wherein step c¢) comprises

identifying highest deformation points of the metallic component.

15. The method of Claim 14, wherein step d) comprises heating the metallic
component along a trajectory substantially passing by at least two of the highest

deformation points.

16. The method of any one of Claims 1 to 15, wherein the metallic component is a

metallic panel.

17. A system for automatically correcting a deformed metallic component,

comprising:

- a sensor for sensing a surface of the metallic component and generating data
representative of the sensed surface;

- a heat inducer for inducing heat in the deformed metallic component so as to
correct a deformation thereof; and

- a controller operative to analyze the data and to generate at least one

characteristic used to control the heat inducer.
18.  The system of Claim 17, wherein the heat inducer is attached to a robotic arm.

19.  The system of Claim 18, wherein the controller is operative to generate at least
one characteristic used to control at least one of the robotic arm and the heat inducer.

20. The system of any one of Claims 18 to 19, wherein the controller controls the
robotic arm so that the heat inducer does not physically contact the metallic

component.

21.  The system of any one of Claims 17 to 20, wherein the heat inducer includes a

laser.

14
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22. The system of Claim 21, wherein the laser is a welding laser.

23. The system of Claim 17, wherein the sensor is a 3D scanner.

24. The system of any one of Claims 17 to 23, wherein the metallic component is a

metallic panel.

25. The system of any one of Claims 17 to 24, wherein the controller is further
operative to compare the data with a desired result of the metallic component.

26. The system of any one of Claims 17 to 25 wherein the controller is further
operative to analyze the data so as to identify highest deformation points of adjacent
portions of the deformed surface of the metallic component and to generate a
trajectory substantially passing by at least two of the highest deformation points, the
trajectory being used to control the heat inducer.

27. The method of Claim 15 further comprising searching a database for existing
procedures to be applied in a deformation case similar to that of the deformed surface

of the metallic component.

28. The method of Claim 27 wherein step c) further comprises determining a
cross-section of each adjacent portion of the deformed surface of the metallic
component and finding a median line substantially describing the cross-section of
each adjacent portion of the deformed surface of the metallic component, the at least
two highest deformation points lying respectively on at least two adjacent median
lines of corresponding at least two adjacent portions of the deformed surface of the

metallic component.

15
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29. The method of Claim 28 wherein step c) further comprises computing one
polynomial expression for each median line, the polynomial expressions substantially
describing the shape of a respective one of the at least two median lines, step c)
further comprising computing a derivative of each polynomial expression and
selecting one bending program for each derivative, each bending program being

based on one respective derivative.

30. The method of Claim 29 wherein each bending program is one of a severe

bend program and a moderate bend program.

16

CA 2986676 2019-10-09



1/5

|043u0) Buljes -
JUaWIBINSeaW aunjesadwa)] -

~——§7
doo) Yoeqpas4 -
SININLSNIQY ANY T04INOD
— #I
P P
[
€7
e
9% @
ONINILHOIVYLS GILYWOLNY R NOILDITAS ¥3LINVAYd
p dais ¢ dalg

NOSIHYdNOD S1INSTY
AN

ONINNYIS AT3INISSY-anS
T d93s

CA 2986676 2017-12-15



2/5

13]|03U03 duiydew bulusiybrens

&7
0} sia)awesed Jajsuel|
A
; 958D
sainpadold buiusiybieds co;mgmou_% Jeus
dojarsp 03 wyioby asn . ounoJ o
74
S3A

8z ;ued

JUBLIND Y} 10} 1SIXD
ainpadoud piepuels
e $30(]

958D UOI1ewIo)ap Jejiwis
#7——— Ul paljdde aq 03 sainpadoud
10} 9seqeep ul buiydieas

oc

B1ep 9eLINs
JO uoijeners pue bunndwo)
A

"

b Of——™ d343FHLYO V1Iva

CA 2986676 2017-12-15



3/56

Y2813 51000/ 8y} U0
JUI0C B S3UI023( UO1AS Y89
uo punoj juiod 1s3ybiy 8y}
‘weiboid $J0goJ sy} sjesausn

[}

~—C8

we.bod pusq
8eJapow au as)

|
weiboid pusq
313085 Y} 35

o8

ON

74

3|fue pjoysaly]
< 3jbue abpu uea)y

[ —— o

N

juoruiod 4

152 43 S e,y

O~

‘uopdod jua1ind 3y} Joy 3bue aBpi ay3 sindwod ‘Bbpu
AU} J0 SAPIS L}0q UO IAIBAL3P SIu} JO aN|eA [eLaWNU Ay}
buisy) “uoissaldxa |eiwoukjod 8y Jo anjeAuap U} induio)

99 <1

79

‘9)bue abpu
uesw ndwo)

/4 65—

95~

09~

[}

"3UI| UBIPaU By} o adeys ay}
BuImojjoj uoissaidxa [elwoukjod ajndwo?)

:

(7 xe) au s1yg uo Juiod ysaybiy auy puly

[}

"UORD3s-55012 S,uoilod siy} buiguasap
1530 aue|d 74 343 Ui Ul UeIpaw ay} puy

[}

U013288-550.12 aulwivle(

+

10

|

uorpiod juaund mm#
spilod ejep juo daay

A

'(N) suarpod jo ams:c
#§ U0 paseq yibus| UOIHO
"Ue3s 3y} Jo y3bua) 3y pui

aindwon

)

5~

5

(spuiod eyep pijeauy)

$131[}N0 3AOWSY

UedS (1§ peo]

CA 2986676 2017-12-15



4/5

CA 2986676 2017-12-15

350

300

250

200

150

100

_ 4




5/5

0

[ —— o

A
001 om_ \m%

00¢

09¢

09
08
001
0ci

CA 2986676 2017-12-15



Step1
SUB-ASSEMBLY SCANNING Step 2
RESULTS COMPARISON

Step 3
PARAMETER SELECTION

Step 4
UTOMATED STRAIGHTENING

g@ 511 -
)

10 1z 2 4

CONTROL AND ADJUSTMENTS

- Feedback loop
- Temperature measurement
- Heating control

18—




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - CLAIMS
	Page 15 - CLAIMS
	Page 16 - CLAIMS
	Page 17 - CLAIMS
	Page 18 - CLAIMS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - REPRESENTATIVE_DRAWING

