
SYSTEM AND METHOD FOR COMPONENT MATERIAL ADDITION
Cross Reference The present application claims the
benefit of United States Patent Application No.
60/933,897, filed June 8, 2007, which is incorporated
herein by reference. Field of the Invention The
present invention relates generally to component
repair, and more particularly relates to metal powder
deposition utilizing a laser.Background Metal powder
deposition to repair and/or modify components is known
in the art. However, presently available systems have
some disadvantages when repairs or modifications
involve complex parts and/or parts with physically
limited tool path approaches such as narrow channels
or spaces. Further, it is desirable when modifying
complex parts to have a good visualization of the
modification area. Accordingly, there is a demand for
further improvements in this area of
technology.Summary One embodiment is unique component
material addition system. Other embodiments include
unique systems and methods to add material to
components by powder metal deposition. Further
embodiments, forms, objects, features, advantages,
aspects, and benefits shall become apparent from the
following description and drawings.Brief Description
of the Drawings The description herein makes reference
to the accompanying drawings wherein like reference
numerals refer to like parts throughout the 



several views, and wherein: Fig. 1 is a schematic
block diagram of a system for component material
addition. Fig. 2A is a schematic diagram of a
deposition device and a component. Fig. 2B is a
schematic diagram of a deposition device and a
component. Fig. 3 is a schematic diagram of a
deposition device including coaxial optics. Fig. 4 is
a schematic flow diagram of a procedure for component
material addition.Detailed Description For purposes of
promoting an understanding of the principles of the
invention, reference will now be made to the
embodiments illustrated in the drawings and specific
language will be used to describe the same. It will
nevertheless be understood that no limitation of the
scope of the invention is thereby intended, such
alterations and further modifications in the
illustrated device, and such further applications of
the principles of the invention as illustrated therein
being contemplated as would normally occur to one
skilled in the art to which the invention relates.
Fig. 1 is a schematic block diagram of a system 100
for component material addition. The system 100
includes a deposition device 102 operatively coupled
to a laser 104. The laser may include any type of
laser with an irradiation specification high enough to
perform material addition operations at a focal area
106 of a component 108. In certain embodiments, the
laser is a 



Nd:YAG laser, and in certain further embodiments the
laser is a Nd:YAG fiber laser where the fiber is the
lasing gain media. In certain embodiments, the
deposition device 102 includes directing optics 110
that focus the laser 104 at the focal area 106 of the
component. In certain further embodiments, the
directing optics 110 include a prism. The prism allows
the use of a higher intensity laser 104 than allowed
by conventional coated optics. The prism further turns
the laser as shown in Fig. 1, allowing the directing
optics 110 to be placed away from a laser generated
vapor plume (not shown) that may rise from the
component 108 surface during lasering operations. The
system 100 further includes an imaging device 112, for
example a digital camera or imaging circuit, to view
the focal area 106 of the component 108. In certain
embodiments, the laser 104 and the imaging device 112
utilize a turning mirror 114 within the deposition
device 102, and the laser 104 and imaging device 112
may be in slight parallax as shown in the illustration
of Fig. 1. However, the view of the imaging device 112
and the beam location of the laser 104 may be coaxial
in certain embodiments (see, e.g., Fig. 3 and
referencing text). In certain embodiments, one or more
of the laser 104 and imaging device112 may be
configured with an optical line (either beaming or
imaging) directly to the directing optics 110 without
using a turning mirror 114. In certain embodiments,
the placement of any optics 110, 124, the laser 104,
and the imaging device 112 are such that the laser 104
and imaging device 112 have a substantially similar
optical relationship to the focal area 106. The system
100 further includes an additive material delivery
device that 



delivers additive material 118 to the component 108 at
the focal area 106. In certain embodiments, the
additive material delivery device includes a metal
powder storage 120, a delivery tube or conduit 122,
and a delivery nozzle 116. In certain further
embodiments, the additive material 118 is titanium or
a titanium alloy. In certain embodiments, the system
100 includes final focusing optics 124 structured to
focus the laser to a specified beam size. In certain
embodiments, depending upon the quality of the laser
beam, the final focusing optics 124 may need to be
placed close to the focal area 106 of the component
108. A fiber optic Nd:YAG laser has a high beam
quality on the order of 1 mm-mrad, and can have final
focusing optics 124 more than a centimeter up to a few
inches from the focal area 106 (for example as shown
in Fig. 1) for operations with typical irradiation
requirements such as metal powder deposition on a
titanium blisk component 108. In certain embodiments,
the final focusing optics 124 include a focal length
greater than 40 cm. A standard Nd:YAG laser has a beam
quality on the order of 12 mm-mrad, and may require
final focusing optics 124 in the deposition device 102
near the directing optics 110 to meet irradiation
requirements for a metal powder deposition
application. In certain embodiments, the focal area
106 of the component 108 is between blades on a bladed
wheel such as a blisk. The focal area 106 may be an
area wherein external viewing, for example direct
observation by an operator, is difficult or
impossible. In certain embodiments, the distance
between blades 



on the blisk is less than one inch, and the deposition
device 102 has a width of less than one inch. In
certain embodiments, the imaging device 112 views the
focal area 106 of the component 108 down the axis, or
longest dimension, of thedeposition device 102. For
example, the imaging device 112 may be externally
positioned (not shown) on the deposition device 102 to
view the focal area 106 down the length of the
deposition device 102. In certain embodiments, the
imaging device 112 views the focal area 106 of the
component 108 through the direction optics 110. In
certain embodiments, the imaging device 112 views the
focal area 106 of the component 108 from a close
proximity to the component 108, preferably from a
distance not greater than the depth of field of the
laser 104. In certain embodiments, the imaging device
112 views the focal area 106 of the component 108 from
not more than two inches away. The distance from which
the imaging device 112 is considered to be viewing the
focal area 106 of the component 108 depends upon the
optics 110, 124 utilized, the magnification and focal
area 106 size. In certain embodiments, the distance
from which the imaging device 112 is considered to be
viewing the focal area 106 of the component 108 is the
distance from the final viewing optics (the direction
optics 110 in Fig. 1) to the focal area 106. The
system 100 may include a lighting device 126 that
delivers light to the component 108 at the focal area
106 of the component 108. In certain embodiments, the
size and complexity of the component 108 prevents
external lighting from reaching the focal area 106 of
the component 108. The deposition device 102 may
include external lights (not shown) shining down the
axis of the 



deposition device 102. In certain embodiments, the
deposition device 102 includes light emitting diodes
(LEDs) at the end of the deposition device 102 that
light the focal area 106 of the component 108. In
certain embodiments, the deposition device 102
includes laser diodes (not shown) at the end of the
deposition device 102 that light the focal area 106 of
the component 108. In certain embodiments, the laser
104 has an irradiance value greater than 2 MW/cm2 at
the focal area 106 of the component. A high irradiance
value improves heat transfer efficiency to the
component 108 reducing reflected heat from the
surface. Lower irradiance values, for example
according to a specified value for a metal powder
deposition operation, may be utilized in certain
embodiments. In certain embodiments, a shield 128 is
coupled to the depositiondevice 102. The shield 128 is
structured to prevent a reflected portion of the laser
light from melting an opposing surface (e.g. a
neighboring blisk blade) to the focal area 106. In
certain embodiments, the system 100 further includes a
cooling passage 130 that allows coolant to pass
through the deposition device 102 and dissipate heat.
For example, heat may be reflected from the laser 104
at the focal area 106 back onto the deposition device
102. The coolant may be circulated through the cooling
passage 130 with a coolant pump 132 from a coolant
storage 134. In certain embodiments, purge gas
delivery device, which may include a gas delivery
nozzle 136, is aimed across the directing optics 110
and a shield gas 138 flows across the directing optics
110. The shield gas 138 prevents 



debris and smoke from the focal area 106 from
contaminating the directing optics 110, and in certain
further embodiments improves the heat transfer
environment of the deposition device 102. The purge
gas 138 may be an inert gas for example argon or
nitrogen, or in certain embodiments the purge gas 138
may be air. In certain embodiments, the system 100
further includes a processing subsystem that may
include a controller 140. The controller 140, which
may represent one or more processing units, hardware
memory devices, and/or other computing equipment,
communicates with various sensors and actuators
throughout the system 100. The controller 140 may be a
discrete device or distributed across several devices.
The controller 140 may be structured to functionally
execute one or more steps of a procedure to repair a
component 108. In certain embodiments, the controller
140 may interpret signals from the imaging device 112,
various sensors including temperature sensors
throughout the system 100 and position sensors of the
component 108 and/or deposition device 102, and/or the
controller 140 may command various actuators including
actuators for the laser 104, the pumping device 132, a
purge gas 138 supply, and/or a device for delivery of
the additive material 118. The controller 140 may be
further structured to record various system 100
parameters, including theposition of the deposition
device 102 in a "teach-and-learn" operation, wherein
the position of the deposition device 102 may be
stored in an absolute coordinate system and/or a
relative coordinate system (e.g. relative to the
component 108 or other device). 



Fig. 2A is a schematic diagram of a deposition device
102 and a component 108. In the illustration of Fig.
2A the deposition device 102 is in the proximity of
the component 108, and a focal area 106 to be repaired
is between two blades of a blisk (i.e. the component
108). The blades include a width 202 between the
blades that in certain embodiments may be less than
one inch. The deposition device 102 includes a width
that may be less than one inch. Fig. 2B is a schematic
diagram of a deposition device 102 and a component
108. In the illustration of Fig. 2B the deposition
device 102 is inserted between the blades near the
focal area 106. The deposition device 102 is
structured to be narrow enough to reach the focal area
106 while having features to illuminate and visualize
the focal area 106. The deposition device 102 is
further structured, with an efficient laser 104 and/or
a heat shield 128, to prevent damaging areas of the
component 108 that are near the repair area but that
are not the direct subject of the repair operation.
Fig. 3 is a schematic diagram of a deposition device
102 including coaxial optics 302. Certain details that
may be present in embodiments of the present
application are not shown in Fig. 3 to avoid obscuring
the details that are described in Fig. 3. In certain
embodiments, the device includes a first focusing lens
304 for the laser 104, a second focusing lens 306 for
the imaging device 112, and a beam splitter 308 that
allows light from the focal area 106 through to the
imaging device 112 but that acts as a turning mirror
for the laser 104. The use of a beam splitter 308
allows the imaging device 112 and the laser 104 to 



operate co-axially, without any parallax. In certain
embodiments where high resolution repair is critical,
a co-axial embodiment may be preferred as illustrated
in Fig. 3. The beam splitter 308 may be utilized to
reflect the laser 104 as shown in Fig. 3, or to
reflect to the imaging device 112 (not shown)
depending upon the size of the laser 104 and imaging
device 112, the properties of the laser 104 andthe
beam splitter 308, the most convenient arrangement for
constructing the deposition device 102, and similar
considerations that will be understood to those of
skill in the art based on the disclosures herein. Fig.
4 is a schematic flow diagram of a procedure 400 for
component material addition. The procedure 400
includes an operation 402 to interpret a target
geometry for a component 108. Interpreting the target
geometry includes determining a geometry based on a
manufacturer specification, determining a geometry by
extrapolating a geometry of the undamaged areas of the
component through the damaged area of the component,
an operator programming a target geometry into a
computer, or any other operations that conclude with a
determination of a target geometry of the component
108 through a damaged area. The procedure 400 further
includes an operation 404 to provide a deposition
device 102, an imaging device 112, and a additive
material delivery means which may include a laser 104,
powder delivery system, purge gas, coolant delivery,
etc. The procedure 400 further includes an operation
406 to generate a deposition tool path. Generating the
deposition tool path may include programming the tool
path based on the target geometry of the component
108, 



for example by imaging the exact position of the
component 108 on a coordinate system, calculating a
deposition path, and programming the deposition device
102 to follow the tool path. In certain embodiments,
generating the deposition tool path includes
performing a "teach-and-learn" operation. For example,
an operator may move the deposition device (e.g. with
the laser 104 off) through the path which will perform
the repair operation, and a computer may record the
path the operator utilizes as the generated deposition
tool path. Any operations known in the art to generate
a deposition tool path utilizing the target geometry
of the component 108 are contemplated in the present
application. The procedure 400 further includes an
operation 408 to control movement of the deposition
device 102 through the deposition tool path. In
certain embodiments, a computer controls the
deposition device 102 through the generated deposition
tool path. In certain embodiments, an operator
controls thedeposition device 102 through the
generated deposition tool path. In certain
embodiments, an operator generates the deposition tool
path by viewing the focal area 106 through the imaging
device 112, and moves the deposition device 102
through the deposition tool path as the tool path is
generated. The procedure 400 further includes an
operation 410 to deposit additive material 118 on the
component 108. The operation 410 may include a metal
powder deposition operation utilizing a laser 104. In
certain embodiments, the procedure 400 further
includes an operation 412 to flow a shield gas 138
over the directing optics 110. As is evident from the
figures and text presented above, a variety of 



embodiments according to the present invention are
contemplated. A system is disclosed including a
deposition device operatively coupled to a laser, the
deposition device comprising directing optics
structured to direct the laser at a focal area on a
component, an imaging device structured to view the
focal area of the component, and an additive material
delivery means that delivers additive material to the
component at the focal area on the component. In
certain embodiments, the focal area of the component
is between blades on a bladed wheel. In certain
embodiments, the deposition device has a width of less
than one inch. In certain embodiments, the imaging
device views the focal area of the component down the
axis of the deposition device from a close proximity
to the component. In certain embodiments, the imaging
device views the focal area of the component from
within 2 inches of the component. In certain further
embodiments, the imaging device views the focal area
of the component through the directing optics. In
certain embodiments, the imaging device includes a
coaxial viewing element in the deposition device. In
certain embodiments, a lighting device is structured
to deliver light to the component at the focal area on
the component. The lighting device may be a light
operatively coupled to the deposition device that
shines down a body tube of the deposition device, a
laser diode on the deposition device, and/or a
lightemitting diode coupled to the deposition device.
In certain embodiments, the laser includes an Nd:YAG
fiber-optic laser. The final focusing optics may
bemore than one centimeter distant from the focal area
of the component, and in certain embodiments, the
final focusing optics have a focal length greater than
40 



cm. A method is disclosed including interpreting a
target geometry for a component and positioning a
deposition device operatively coupled to a laser,
where the deposition device includes directing optics
structured to focus the laser at a focal area on a
component. The method further includes positioning an
imaging device structured to view the focal area of
the component, positioning an additive material
delivery means that delivers additive material to the
component at the focal area of the component,
generating a deposition tool path according to the
target geometry of the component; and controlling
movement of the deposition device according to the
deposition tool path. The method further includes
depositing additive material on a surface of the
component in response to the controlling movement of
the deposition device. In certain embodiments, the
additive material is titanium and/or a titanium alloy.
In certain embodiments, the directing optics include a
prism. In certain embodiments, the imaging device
views the focal area of the component through the
directing optics. In certain embodiments, the method
includes generating a deposition tool path according
to the target geometry of the component by performing
a teach-and-leam operation. In certain embodiments,
the focal area on the component includes an area on a
bladed disk between two blades. In certain
embodiments, the method includes operating the laser
and flowing a shield gas over the focusing optics in
response to the operation of the laser. A system is
disclosed including a deposition device operatively
coupled to 



a fiber optic Nd:YAG laser, where the deposition
device includes a directing prism structured to direct
the Nd:YAG laser at a focal area on a bladed disk,
wherein the focal area on the bladed disk is disposed
between two blades of the disk. In certain
embodiments, the system includes an imaging means that
views the focal area of the component, where the
imaging means and the fiber optic Nd:YAG laser each
are positioned in a substantially similar optical
relationship to the focal area on the bladed disk. In
certain embodiments, the system furtherincludes an
additive material delivery means that delivers
additive material to the component at the focal area
on the component. In certain embodiments, the imaging
means views the focal area of the component through
the directing prism. In certain embodiments, the
system further includes means for generating a
deposition device tool path, and a means for operating
the deposition device in response to the deposition
device tool path. The system may include final
focusing optics positioned more than one centimeter
distant from the focal area of the component. In
certain embodiments, the deposition device includes a
deposition head having a width less than one inch. In
certain embodiments, the additive delivery means
includes a metal powder delivery device disposed in
the deposition head. In certain embodiments, the
system further includes a shield coupled to the
deposition device, the shield structured to prevent a
reflected portion of the Nd:YAG laser from melting an
opposing surface to the focal area. In certain
embodiments, the system includes a cooling passage
disposed in the deposition device, the cooling passage
structured to allow coolant to pass 



through the deposition device and dissipate heat
generated from a reflected portion of the Nd:YAG
laser. In certain embodiments, the Nd:YAG laser
further includes an irradiance value at the focal area
of the component, wherein the irradiance value is at
least 2 megaWatts/cm 2.30. In certain embodiments, the
system includes a purge gas delivery device structured
to flow a shield gas, or purge gas, across the final
optics. While the invention has been described in
connection with what is presently considered to be the
most practical and preferred embodiment, it is to be
understood that the invention is not to be limited to
the disclosed embodiment(s), but on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of
the appended claims, which scope is to be accorded the
broadest interpretation so as to encompass all such
modifications and equivalent structures as permitted
under the law. Furthermore it should be understood
that while the use of the word preferable, preferably,
or preferred in the description above indicates
thatfeature so described may be more desirable, it
nonetheless may not be necessary and any embodiment
lacking the same may be contemplated as within the
scope of the invention, that scope being defined by
the claims that follow. In reading the claims it is
intended that when words such as "a," "an," "at least
one" and "at least a portion" are used, there is no
intention to limit the claim to only one item unless
specifically stated to the contrary in the claim.
Further, when the language "at least a portion" and/or
"a portion" is used the item may include a portion
and/or the entire item unless specifically stated to
the contrary.Claims 



What is claimed is: 1. A system, comprising: a
deposition device operatively coupled to a laser, the
deposition device comprising directing optics
structured to direct the laser at a focal area on a
component; an imaging device structured to view the
focal area of the component; and an additive material
delivery means that delivers additive material to the
component at the focal area on the component. 2 . The
system of claim 1, wherein the focal area of the
component is between blades on a bladed wheel. 3. The
system of claim 2 , wherein the deposition device has
a width of less than one inch. 4 . The system of claim
1, wherein imaging device views the focal area of the
component down the axis of the deposition device from
a close proximity to the component. 5. The system of
claim 4 , wherein the imaging device views the focal
area of the component from within 2 inches of the
component. 6 . The system of claim 1, wherein the
imaging device views the focal area of the component
through the directing optics. 7 . The system of claim
6, wherein the imaging device includes a coaxial
viewing element in the deposition device.8. The system
of claim 1, further comprising a lighting device
structured to deliver light to the component at the
focal area on the component. 



9. The system of claim 8, wherein the lighting device
comprises one of a light operatively coupled to the
deposition device that shines down a body tube of the
deposition device, and a laser diode on the deposition
device. 10. The system of claim 1, wherein the laser
comprises an Nd:YAG fiber optic laser. 11. The system
of claim 1, further comprising final focusing optics
wherein the final focusing optics are more than one
centimeter distant from the focal area of the
component. 12. The system of claim 1, further
comprising final focusing optics wherein the final
focusing optics include a focal length greater than 40
cm. 13. A method, comprising: interpreting a target
geometry for a component; positioning a deposition
device operatively coupled to a laser, the deposition
device comprising directing optics structured to focus
the laser at a focal area on a component; positioning
an imaging device structured to view the focal area of
the component; positioning an additive material
delivery means that delivers additive material to the
component at the focal area of the component;
generating a deposition tool path according to the
target geometry of the component; and controlling
movement of the deposition device according to the
deposition 



tool path, and depositing additive material on a
surface of the component in response to the
controlling movement of the deposition device.14. The
method of claim 13, wherein the laser comprises a
fiber optic laser. 15. The method of claim 13, wherein
the directing optics includes a prism. 16. The method
of claim 15, wherein the imaging device views the
focal area of the component through the directing
optics. 17. The method of claim 13, wherein generating
a deposition tool path according to the target
geometry of the component comprises performing a
teach-and-leam operation. 18. The method of claim 13,
wherein the additive material comprises one of
titanium and a titanium alloy. 19. The method of claim
13, wherein the focal area on the component comprises
an area on a bladed disk between two blades. 20. The
method of claim 13, further comprising operating the
laser and flowing a shield gas over the focusing
optics in response to the operation of the laser. 2 1.
A system, comprising: a deposition device operatively
coupled to a fiber optic Nd:YAG laser, the deposition
device comprising a directing prism structured to
direct the Nd:YAG laser at a focal area on a bladed
disk, wherein the focal area on the bladed disk is
disposed between two blades of the disk; an imaging
means that views the focal area of the component,
wherein the 



imaging means and the fiber optic Nd:YAG laser each
comprise a substantially similar optical relationship
to the focal area on the bladed disk; andan additive
material delivery means that delivers additive
material to the component at the focal area on the
component. 22. The system of claim 2 1, wherein the
imaging means views the focal area of the component
through the directing prism. 23. The system of claim 2
1, further comprising means for generating a
deposition device tool path, and a means for operating
the deposition device in response to the deposition
device tool path. 24. The system of claim 2 1, further
comprising final focusing optics wherein the final
focusing optics are more than one centimeter distant
from the focal area of the component. 25. The system
of claim 2 1, wherein the deposition device includes a
deposition head having a width less than one inch. 26.
The system of claim 2 1, wherein the additive delivery
means includes a metal powder delivery device disposed
in the deposition head. 27. The system of claim 2 1,
further comprising a shield coupled to the deposition
device, the shield structured to prevent a reflected
portion of the Nd:YAG laser from melting an opposing
surface to the focal area. 28. The system of claim 2
1, further comprising a cooling passage disposed in
the deposition device, the cooling passage structured
to allow coolant to pass through the deposition device
and dissipate heat generated from a reflected portion
of the Nd:YAG laser.29. The system of claim 28,
wherein the Nd:YAG laser further includes an 



irradiance value at the focal area of the component,
wherein the irradiance value is at least 2
megaWatts/cm2. 30. The system of claim 2 1, further
comprising a purge gas delivery device structured to
flow a purge gas across the final optics. 


