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(57) ABSTRACT

The invention relates to a repair method for a component (12)
and includes the steps of removal of a damaged region of the
component (12) with the formation of at least one separating
surface; arrangement of the component (12) in a processing
chamber (11) of a device (10) for the additive restoration of at
least the region of the component that has been removed;

determining first structural data of the component (12) dis-
posed in the processing chamber (11); providing second
structural data of the component (12); determining third
structural data based on the first and the second structural
data; and additive restoration of the component region that

has been removed on the at least one separating surface of the
component (12). In addition, the invention relates to a device
(10) for the additive repair of a component (12).

10

32 26—

-
-~
.

-

-
-

30\

-
-,

16— »

-
-

14—

—
Q

:

-
-
-—
-
L~

L 11

\ @/ ;

— 1
12

16

DTN

13

|18

Ib




Patent Application Publication May 5, 2016 Sheet 1 of 2 US 2016/0121438 A1

30~

LIB)
o
o
[ I I Y
,'I 1
1
) ! 'l 1
LI T R |
,' [ \‘
1y \ [
oy ] .
L \ N 4
oy [} \
L \ \
SE o 1 \ LY} 22
16 N W
]
\\ S H |‘ \“
P M) 1 \ b
Py , v I\ 16
1 ! H 1 N [ | -
14 ,' i 1 “ \‘\\
-—
1 1
i i]a i T
] 1] 1 \ AN
[ i 1 \ ' \
1 ' N
1 [}
1 ' *
‘ ‘ 1

12

I/

13

Fig. 1



Patent Application Publication May 5, 2016 Sheet 2 of 2 US 2016/0121438 A1




US 2016/0121438 Al

REPAIR METHOD AND DEVICE FOR THE
ADDITIVE REPAIR OF A COMPONENT

BACKGROUND OF THE INVENTION

[0001] The invention relates to a repair method for a com-
ponent, in particular for a blade or vane of a gas turbine. In
addition, the invention relates to a device for the additive
repair of a component.

[0002] For the repair of worn or damaged components by
means of additive repair methods, the individual recording of
the exact actual geometric data based on the individual shape
and damage of each component and a time-consuming adjust-
ment of the target geometric data that are usually present as a
CAD model are necessary. Subsequently, for the additive
restoration of the damaged region of the component, the
position, location and contour of the component surfaces to
be worked in the processing space or construction space of the
device employed must be defined precisely.

[0003] A repair method in which damaged turbine compo-
nents are first cut back to a predetermined geometry is known
from US 2012/0222306 A1. Subsequently, the component is
inserted into a processing chamber of a laser-melting device
and arranged in a defined position with a support. After this,
the additive reconstruction of the damaged region is carried
out layer by layer in order to repair the turbine component.
[0004] The circumstance that individual damage of the
components can be considered only to a comparatively lim-
ited extent is to be viewed as a disadvantage in the known
method, so that in certain cases an unnecessarily large quan-
tity of material must be removed in order to obtain the pre-
determined geometry.

SUMMARY OF THE INVENTION

[0005] The object of the present invention is to create an
additive repair method as well as a device for the additive
repair of acomponent of the type named initially, which make
possible an improved consideration of individual damage
patterns.

[0006] The object is achieved according to the invention by
a repair method and device for the additive repair of a com-
ponent according to the present invention.

[0007] Advantageous embodiments with appropriate
enhancements of the invention are given in the respective
dependent claims, wherein advantageous embodiments of the
repair method are to be viewed as advantageous embodiments
of the device, and vice versa.

[0008] A first aspect of the invention relates to a repair
method, which makes possible an improved consideration of
individual damage patterns. In this case, the repair method
according to the invention comprises the steps: removal of a
damaged region of the component with the formation of at
least one separating surface; arranging the component in a
processing chamber of a device for the additive restoration of
at least the region of the component that has been removed;
determining first structural data of the component disposed in
the processing chamber by means of a measurement system
of the device; wherein the first structural data characterize an
actual geometry of the component; providing second struc-
tural data of the component by means of a computing means
of the device, wherein the second structural data characterize
a target geometry of the component; determining third struc-
tural data based on the first and second structural data by
means of the computing means, wherein the third structural
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data characterize a target geometry of the region of the com-
ponent that has been removed; and additive restoration of the
region of the component that has been removed on the at least
one separating surface of the component, based on the third
structural data, by means of construction means of the device.
In other words, in distinction from the prior art, it is provided
that first the damaged region of the component is removed.
Preferably, this step is carried out in such a way that the
removal is limited as much as possible to the damaged region
of the component. Subsequently, the component is arranged
in the processing chamber of the device for the additive res-
toration, where first the actual geometry of the component is
determined by a measurement system of the device. This
means that the actual geometry is not determined externally to
the device as has been the case previously, but rather directly
in the processing space of the device where the additive
restoration of the damaged region of the component will also
be conducted in a later method step. In this case, the determi-
nation of the actual geometry is electronically coded in the
form of first structural data. In this case, it can be basically
provided that the determination of the actual geometry is
limited at least substantially to the field directly surrounding
the damaged region of the component. Corresponding time
advantages both in determining the actual geometry as well as
in the subsequent calculation of the volume portion to be
reconstructed can be realized thereby. Alternatively, however,
the predominant or complete actual component geometry can
also be determined, of course, whereby a broader database is
made available for the further method steps.

[0009] Subsequently, the target geometry of the component
is provided in the form of second structural data by means of
a computing means. The second structural data also can be
basically limited to the immediate surroundings of the dam-
aged region or the region of the component that will be
reconstructed. Alternatively, however, it can also be provided
that the second structural data characterize the predominant
or complete target geometry of the component involved.
Third structural data will be determined on the basis of the
first and second structural data by means of the computing
means, whereby the third structural data characterize the tar-
get geometry of the removed region or of the region of the
component that will be reconstructed. Thus, in the simplest
configuration, only the difference between the first and sec-
ond structural data is determined, which corresponds to the
defective region of the component or to the volume portion to
be reconstructed. Then the removed region of the component
will be additively reconstructed, based on the third structural
data, on the at least one separating surface of the component
in the processing space of the device. Due to this modular
repair method and the described algorithm for the flexible
generation of component contours as a function of the actual
geometry determined directly in the device, the previously
necessary measurement, adjustment and alignment process
can be clearly optimized or in fact can be completely avoided.
Basically, the method according to the invention in the sim-
plest embodiment can be composed of the named method
steps and does not comprise additional method steps.

[0010] Inan advantageous embodiment of the invention, it
is provided that the damaged region of the component is
separated by means of a separating process external to the
device. This permits a good consideration of the individual
pattern of damage, whereby, on the one hand, the separating
step can be limited as much as possible to the damaged region
of the component; on the other hand, however, a separating
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surface that is as flat as possible can also be formed, whereby
usually the determination of the actual geometry and the
additive reconstruction will be facilitated.

[0011] Additional advantages result by fixing the compo-
nent in place by means of a retaining device in a predeter-
mined spatial orientation in the processing chamber. This
simplifies a defined spatial alignment of the component and
thus the separating surface. It can be provided basically that
the retaining device is designed to arrange the component in
the processing chamber as a function of the first, second,
and/or third structural data. For this purpose, the retaining
device can be optionally coupled to the computing means.

[0012] In another advantageous embodiment of the inven-
tion, the first structural data are determined by means of a
contact-free measurement system of the device. In particular,
optical measurement systems offer the advantage of a rapid
and precise detection of the actual geometry and can be inte-
grated relatively simply into the device. By way of example,
a stripe projection system can be used as the measurement
system. In this case, a projector projects a stripe pattern onto
the component, which is deformed as a function of the shape
of'the component. One or more cameras, which are preferably
high resolution camera(s), characterize the deformed pattern,
which then serves as the foundation for determining the
topography or the actual geometry of the component. Of
course, other optical measurement systems, such as, for
example, 3D camera systems or the like, can also be used.

[0013] In another advantageous embodiment of the inven-
tion, the determination of the third structural data comprises
the adjustment of first structural data and/or of second struc-
tural data by means of the computing means. In other words,
it is provided that a so-called matching of actual geometry and
target geometry is conducted, in order to correctly align the
component and its model data to one another. Thus, the align-
ment can be purely software-based or can be conducted by
means of the computing means, whereby further savings in
time and cost are made possible, since the component itself
can be disposed fixed in place relative to the processing cham-
ber.

[0014] In another embodiment of the invention, it is pro-
vided that the adjustment comprises the triangulation and/or
the translation and/or the rotation and/or the scaling of first
and/or second structural data by means of the computing
means. Deviations between the actual geometry and the target
geometry of the component can be optimally compensated
thereby.

[0015] Additional advantages result by conducting the
adjustment based on at least one undamaged region of the
component and/or based on surface focal points of the com-
ponent and/or based on nodal points and/or based on an
equilibration calculation by means of the computing means.
This permits a particularly precise adjustment of the first and
second structural data to each another, whereby correspond-
ingly precise third structural data can be determined for the
component region to be reconstructed.

[0016] In another advantageous embodiment of the inven-
tion, it is provided that the adjustment comprises the deter-
mination of a transition profile between the actual geometry
and the target geometry by means of the calculating means.
Deviations that exceed or go below a threshold value and that
have arisen, for example, due to local wear or due to produc-
tion tolerances, can be equilibrated between actual geometry
and target geometry by means of such a transition profile.
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[0017] Inthiscase, in another embodiment of the invention,
it has been shown to be advantageous if the transition profile
is determined by means of the computing means by taking
into consideration geometrical parameters of the component
and/or parameters of the material, and/or parameters depen-
dent on the device. For example, a maximum structural angle
predefined by the device used in each case can be considered
in the determination of the transition profile, in order to reli-
ably prevent inadmissible geometric structures in the third
structural data. The same holds true for the inclusion of geo-
metrical parameters of the component, for example, the
geometry of cooling air ducts, and parameters of the material,
for example, the melting point of the metal powder or the like
that is used. A particularly high quality of the repair is assured
thereby.

[0018] Additional advantages result by producing a trans-
formation of the third structural data into layer data for the
additive restoration of the removed region of the component
by means of the calculating means, and based on these layer
data, a layer-by-layer construction of the removed region of
the component is carried out by means of the construction
means. In other words, volume data are converted into layer
data by means of the computing means, whereby the layer-by
layer additive construction of the region of the component to
be restored is facilitated.

[0019] After the additive restoration, at least the additively
produced region of the component can be post-processed, for
example, coated or polished, in particular by means of a
separating process and/or a coating process.

[0020] A second aspect of the invention relates to a device
for the additive repair of a component, in particular a blade or
vane of a gas turbine. According to the invention, the device in
this case comprises at least one processing chamber, in which
can be arranged the component for the additive restoration, at
least for a region of the component that has been removed. In
addition, the device comprises a measurement system, by
means of which first structural data of the component
arranged in the processing chamber can be determined,
wherein the first structural data characterize the actual geom-
etry of the component, as well as a computing means by
means of which, on the one hand, second structural data of'the
component can be provided, wherein the second structural
data characterize the target geometry of the component, and,
on the other hand, third structural data can be determined on
the basis of the first and second structural data, wherein the
third structural data at least characterize the region of the
component that has been removed. In addition, the device
comprises construction means for the additive restoration of
the component region that has been removed, based on the
third structural data. In the simplest embodiment, the device
according to the invention can be composed of the named
elements and does not comprise other equipment or the like.
Because the measurement system is integrated into the device
and the damaged component can be measured directly in the
processing chamber in order to determine its actual geometry,
the device according to the invention makes possible an
improved consideration of individual damage patterns. In
addition, considerable advantages relating to time and cost
can be realized by means of the device according to the
invention, since in addition to the manual measuring of the
component outside the device, a positioning step of the com-
ponent inside the device can also be dispensed with. Instead
of this, the defective component region can be determined
from the first and second structural data by means of the



US 2016/0121438 Al

computing means and can be reconstructed on the separating
surface of the component without further positioning steps or
the like. Additional advantages are derived from the descrip-
tion of the first aspect of the invention.

[0021] In an advantageous embodiment of the invention, it
is provided that the construction means for the additive res-
toration of the component region that has been removed com-
prises at least a supply of powder for the allocation of at least
one powder-form component material found on a component
platform and/or on a separating surface of the component, as
well as at least one high-energy source, by means of which at
least one high-energy beam for a layer-by-layer and local
melting and/or sintering of the component material can be
generated in the region of a construction and joining zone of
the component platform and/or of the separating surface. The
high-energy source can be designed, for example as a laser-
beam (pulsed laser) and/or electron-beam source.

[0022] Additional advantages result if the device comprises
a retaining device, by means of which the component can be
fixed in place in a predetermined spatial orientation in the
processing chamber. The locally fixed arrangement of the
component relative to the processing chamber, in particular,
facilitates the alignment or adjustment of the actual geometry
and the target geometry.

[0023] Additional advantages result if the measurement
system is designed as an optical measurement system. This
permits a rapid, precise, and contact-free determination of the
actual geometry of the component. For example, the measure-
ment system can be designed as a stripe projection system.
This can be integrated into the device in a particularly simple
way.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0024] Additional features of the invention result from the
claims, the exemplary embodiment, and on the basis of draw-
ings. The features and combinations of features named above
in the description as well as the features and combinations of
features named in the following exemplary embodiment can
be used not only in the respectively indicated combination,
but also in other combinations, without departing from the
scope of the invention. Here:

[0025] FIG. 1 shows a schematic sectional view of an
exemplary embodiment of a device according to the invention
for the additive repair of a component; and

[0026] FIG. 2 shows a sectional view through a target
geometry of the component.

DETAILED DESCRIPTION OF THE INVENTION

[0027] FIG. 1 shows a schematic sectional view of an
exemplary embodiment of a device 10 according to the inven-
tion for the additive repair of a component 12, which is
designed presently as a rotating blade of a turbine of an
aircraft engine. The device 10 comprises a processing cham-
ber 11, in which construction means 13 for the additive res-
toration of a region of the component 12 is found. The con-
struction means 13 in the present exemplary embodiment
comprises a powder supply 14 that can move according to
double arrow Ia for the allocation of at least one powder-form
component material 16, this supply found on a component
platform 18 that can move according to double arrow Ib. In
addition, a high-energy source 20 presently designed as a
laser is provided, by means of which a laser beam or pulsed
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laser 24 is generated in the region of a construction and
joining zone 22 of the component platform 18 for a layerwise
and local melting and/or sintering of the component material
16. Equipment for adjusting the spatial deflection, focusing,
and thermal power of the laser beam 24 are not shown for
reasons of clarity.

[0028] For the additive repair of the component 12, the
latter is first worked on by means of a separating process, in
order to completely remove the damaged volume or the dam-
aged region of the component with the formation of at least
one separating surface. Subsequently, the component 12 is
disposed in the processing chamber 11 and is preferably fixed
in place in such a way that the separating surface is aligned
upward, at least predominantly upward.

[0029] Inaddition, the device 10 comprises a measurement
system 26, by means of which first structural data of the
component 12 disposed in the processing chamber 11 are
determined, wherein the first structural data characterize the
actual geometry of the component. The measurement system
26 can basically be designed as modular, in order to be able to
be simply adapted to different devices 10, processing cham-
bers 11, and/or components 12. In the exemplary embodiment
shown, the measurement system 26 is formed as a stripe
projection system for this purpose. Correspondingly, a pro-
jector 28 projects a stripe pattern onto the component 12,
whereby the stripe pattern is deformed as a function of the
shape of the component. A high-resolution camera 30 char-
acterizes the deformed pattern, which serves as the basis for
the determination of the topography or the actual geometry of
the component 12. In this case, it may be sufficient that the
camera 30 records only the region of the separating surface of
the component, in order to determine from this the first struc-
tural data—for example, in the form of a CAD contour defi-
nition. In addition, the measurement system 26 is coupled to
a computing means or device 32 for the exchange of data. The
computing device 32 provides second structural data of the
component 12, wherein the second structural data character-
ize a target geometry of the component. Based on the first and
the second structural data, the computing device 32 then
determines third structural data, wherein the third structural
data at least characterize the region of the component 12 that
has been removed or the volume element to be constructed.
[0030] In this case, it can be provided that the first and the
second structural data, i.e., the actual geometry and the target
geometry of the component 12 are first aligned to one another
by means of the computing device 32. A positioning, scaling,
and/or alignment of the target geometry in this case is pro-
vided by means of the computing device 32, taking into
consideration the actual geometry or the geometry of unworn
regions of the component 12, employing surface focal points
and/or best-fit algorithms. FIG. 2 shows a sectional view
through a target geometry of the component 12 for clarifica-
tion. One recognizes different points 34, which can be used
individually or in any combination as nodal points, support
points, and/or surface focal points of the component 12 for
adjusting the actual geometry and the target geometry, for
example, via best-fit algorithms. The points 34 can be prede-
termined for a specific type of component and co-coded, for
example, in the target geometry or the second structural data,
and/or can be dynamically determined.

[0031] Theequilibration of actual geometric data and target
geometric data by means of the computing device 32 may
comprise additional steps for the compensation of inadmis-
sible deviations of the actual geometry of the component 12.
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In this case, a transition profile between the actual geometry
and the target geometry is calculated by means of the com-
puting device 32 and taken into consideration in determining
the third structural data. The determination of the transition
profile can comprise defined displacements, for example, of
the nodal points, from triangulated geometrical data in a
defined component region. A continuous transition from the
actual geometry to the target geometry is assured thereby.
Boundary conditions can also be defined on the basis of
known processing parameters and taken into consideration in
creating the transition profile. An individual volume portion
with a continuous transition from the actual geometry to the
target geometry results from this for each component 12.
Then, depending on the third structural data, the region of the
component that was previously removed is additively recon-
structed layer by layer with the help of construction means 13,
in order to repair the component 12. Subsequently, at least the
restored region of the component can be post-processed as
needed.

[0032] By means of the optical measurement system 26
integrated into the device 10 and the above-presented method
steps for the flexible generation of component contours
dependent on the individual actual geometry of the compo-
nent 12 which already has been placed in the device 10, the
measurement, adjustment, and alignment processes can be
greatly optimized, and corresponding advantages in time and
cost can be realized.

What is claimed is:

1. A repair method for a component (12), comprising the
steps of:

removing a damaged region of the component (12) with the

formation of at least one separating surface;

arranging the component (12) ina processing chamber (11)

of'a device (10) for the additive restoration of at least the
region of the component that has been removed;
determining first structural data of the component (12)
disposed in the processing chamber (11) by means of a
measurement system (26) of the device (10), wherein the
first structural data characterize an actual geometry of
the component (12);

providing second structural data of the component (12) by
a computing device (32) of the device (10), wherein the
second structural data characterize a target geometry of
the component (12);

determining third structural data based on the first and the
second structural data by means ofthe computing device
(32), wherein the third structural data characterize a
target geometry of the region of the component (12) that
has been removed; and

additively restoring the component region that has been

removed on the at least one separating surface of the
component (12) based on the third structural data by a
construction apparatus (13) of the device (10).

2. The repair method according to claim 1, wherein the
damaged region of the component (12) is separated outside
the device (10) by a separating process.

3. The repair method according to claim 1, wherein the
component (12) is fixed in place in a predetermined spatial
orientation in the processing chamber (11) by a retaining
device.

4. The repair method according to claim 1, wherein the first
structural data are determined by a contact-free measurement
system (26) of the device (10).
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5. The repair method according to claim 1, wherein the step
of determining the third structural data comprises adjusting
first structural data and/or second structural data by the com-
puting device (32).

6. The repair method according to claim 5, wherein the
adjusting comprises the triangulation and/or the translation
and/or the rotation and/or the scaling of first and/or second
structural data by the computing device (32).

7. The repair method according to claim 5, wherein the
adjusting is carried out based on at least one undamaged
region of the component (12) and/or based on surface focal
points of the component (12) and/or based on nodal points
and/or based on an equilibration calculation by the computing
device (32).

8. The repair method according to claim 5, wherein the
adjusting comprises determining a transition profile between
the actual geometry and the target geometry by the computing
device (32).

9. The repair method according to claim 8, wherein the
transition profile is determined by taking into consideration
geometric parameters of the component and/or parameters of
the material and/or parameters dependent on the device by the
computing device (32).

10. The repair method according to claim 1, wherein, for
the step of additively restoring the component region that has
been removed, a transformation of the third structural data
into layer data is provided by the computing device (32), on
the basis of which a layer-by-layer construction of the
removed region of the component is carried out by means of
the construction apparatus (13).

11. The repair method according to claim 1, wherein at
least the additively produced component region is post-pro-
cessed by means of a separating process and/or a coating
method.

12. A device (10) for the additive repair of a component
(12), comprising:

a processing chamber (11), in which the component (12)
can be arranged for the additive restoration of at least
one component region that has been removed;

a measurement system (26), by which first structural data
of the component (12) disposed in the processing cham-
ber (11) can be determined, —wherein the first structural
data characterize an actual geometry of the component
12);

a computing device (32), by which

second structural data of the component (12) can be pro-
vided, wherein the second structural data characterize a
target geometry of the component (12); and

based on the first and the second structural data, third
structural data can be determined, wherein the third
structural data at least characterize the region of the
component (12) that has been removed; and

a construction apparatus (13) configured for the additive
restoration of the component region that has been
removed, based on the third structural data.

13. The device (10) according to claim 12, wherein the
construction apparatus (13) for the additive restoration of the
component region that has been removed comprises at least
one powder supply (14) for the allocation of at least one
powder-form component material (16) on a component plat-
form (18) and/or on a separating surface of the component
(12), and at least one high-energy source (20) by which at
least one high-energy beam for a layerwise and local melting
and/or sintering of the component material (16) is generated
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in the region of a construction and joining zone (22) of the
component platform (18) and/or of the separating surface.

14. The device (10) according to claim 12, wherein the
latter comprises a retaining device, by which the component
(12) is fixed in place in a predetermined spatial orientation in
the processing chamber (11).

15. The device (10) according to claim 12, wherein the
measurement system (26) is configured as an optical mea-
surement system.

May 5, 2016



