LASER FILLET WELDING BACKGROUND OF THE INVENTION [0001] The
present invention relates to methods for welding. In patrticular, the present
invention relates to methods of welding metal parts, such as parts for
aerospace and aviation applications, with the use of laser welding
techniques. [0002] In gas turbine engines, it is important to cool the turbine
airfoils to preserve the integrity of the airfoil structure and also to attain high
engine performance by operating the turbine at optimum temperature levels.
It is also important to avoid utilizing more cooling air than is necessary to
minimize the overall penalty that occurs with the use of engine air for
purposes other than generating thrust or horsepower. [0003] One method of
optimizing the use of cooling air is to employ meter plates to restrict the flow
entering into the blade roots df&3Eh IFLIAE WiHgNEY®Meter plates are typically
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article anflagall penalty that occurs with the use of engine air for purposes other than
generating thrust or horsepower.

[0003] One method of optimizing the use of cooling air is to employ
meter plates to restrict the flow entering into the blade roots of each of the
airfoils. Meter plates are typically secured to the blade roots of the airfoils with
laser seam welding operations. To ensure that the meter plates remain secured to
the blade roots during engine operation, the welds between each meter plate and
blade root are required to have a minimum weld leg length. However, with laser
seam welding, increasing the weld leg length correspondingly increases the weld
penetration depth. This undesirably extends the heat-affected zone of the weld,
which may form porous regions and cracks in the weld. Additionally, laser seam
welds are difficult to visually evaluate if the meter plate is properly welded to the
blade root. As such, there is a need for a welding process that provides good
welds between metal parts (e.g., meter plates and blade roots), which are also

easy to inspect.



method for welding metal parts to form the welded metal article. The method
includes forming an intersection between a first metal part and a second
metal part, feeding filler material to the intersection, and melting the filler
material with a laser beam. This allows the melted filler material to fuse to
the first metal part and the second metal part to form a weld at the
intersection. BRIEF DESCRIPTION OF THE DRAWINGS [0005] FIG. 1 is a
flow diagram of a method for welding metal parts with a laser fillet welding
operation. [0006] FIG. 2 is a bottom perspective view of a turbine blade root
containing a meter plate secured to an end wall of the turbine blade root with

a laser fillet weld. [0007] F e n side views of the end
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[0006] FIG. 2 is a bottom perspective view of a turbine blade root
containing a meter plate secured to an end wall of the turbine blade root with a
laser fillet weld.

[0007] FIGS. 3 and 4 are expanded side views of the end wall and the
meter plate, which illﬁstrate the laser fillet welding operation.

[0008] FIG. 5 is a macrograph of a section of an example weld formed
with a laser fillet welding operation.

[0009] FIG. 6 is a macrograph of a section of a comparative example

weld formed with a laser seam welding operation.

DETAILED DESCRIPTION
[0010] FIG. 1 is a flow diagram of method 10 for welding first and
second metal parts with a laser fillet welding operation. As shown, method 10
includes steps 12-18, and initially involves forming a corner intersection between
at least two overlapping metal parts (step 12). This is performed by positioning a
first metal part having an edge portion (e.g., a meter plate) on top of a surface of
a second metal part (e.g., a blade root) such that the first metal part is flush with

the surface of the second metal part. This forms a corner intersection between




metal part or around a portion of the perimeter of the first metal part. Prior to
laser welding, the first metal part may be manually resistance tack welded to
the second metal part using standard technigues to ensure proper contact
between the metal parts. [0011] A laser beam is then generated and
positioned such that it focuses at the corner intersection (i.e., a focal point of
the laser beam is located at the comer intersection) (step 14). Filler material
is then fed to the corner intersection such that the laser beam focuses on, or
adjacent to, the filler material (step 16). The filler material is a supply of a
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laser-weldable metals, such as aluminum, steel, iron, titanium, nickel, cobalt, and
alloys thereof.

[0012] The laser beam is then used to laser weld the filler material and
the metal parts (step 18). The energy from the laser beam is absorbed by the
filler material, which melts the filler material and allows the melted filler
material to fuse to the edge portion of the first metal part and the surface of the
second metal part. This forms a laser fillet weld at the corner intersection,
thereby securing the metal parts together. The laser beam is then moved around
the entire perimeter of the first metal part while filler material is continuously fed
to the laser beam at the corner intersection. This forms a final welded structure
where the first metal part is welded to the second metal part around the entire
perimeter of the first metal part.

[0013] In one embodiment, the filler material is fed to the corner
intersection through a nozzle of a laser system. In this embodiment, steps 14-18
of method 10 are performed in a substantially simultaneous manner. The laser

beam melts the filler material as the filler material is continuously fed from the




3 nozzle to the comer intersection. As the melted filler material is deposited at
the comer intersection, the melted filler material fuses to the edge portion of
the first metal part and the surface of the second metal part, thereby forming
the laser fillet weld at the comer intersection. [0014] Because a substantial
amount of the energy of the laser beam is absorbed by the filler material, the
depth of penetration of the weld into the surface of the second metal part is
reduced. As a result, the heat-affected zone of the weld is correspondingly
reduced, thereby reducing the formation of cracks and large porous regions
in the weld. Furthermore, the resulting weld is easy to inspect for proper
fusion alangtheweldpath besausenthetweld e leddiléad andial tatepetited at
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applications. Examples of suitable applications for method 10 include meter
plate/blade root welding operations, turbine vane cover installations, and other
welding applications that are typically laser seam welded.

[0015] FIGS. 2-4 illustrate a suitable application of method 10 for
producing laser fillet welds with turbine airfoil components. FIG. 2 is a bottom
perspective view of blade root 20, which is a turbine blade root that is insertable
into a dovetail slot (not shown) of a supporting rotor disk (not shown). As
shown, blade root 20 includes end wall 22, inlet apertures 24a-24c, meter plate
26, lobed walls 28, and front face 30. End wall 22 is a wall segment extending at
the base of lobed walls 28 and front face 30. Inlet apertures 24a-24c are
openings within blade root 20 for receiving cooling air during operation.

[0016] As further shown, meter plate 26 is disposed over end wall 22 and
inlet aperture 24b. When meter plate 26 is secured to end wall 22, meter plate 26
extends over inlet aperture 24b for restricting the flow of air through inlet

aperture 24b during operation. As discussed below, meter plate 26 is secured to
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inlet aperture 24b. When meter plate 26 is secured to end wall 22, meter
plate 26 extends over inlet aperture 24b for restricting the flow of air through
inlet aperture 24b during operation. As discussed below, meter plate 26 is
secured to 4 end wall 22 with the laser fillet welding operation of method 10
(shown in FIG. 1). This secures meter plate 26 to end wall 22 with a laser
fillet weld, which reduces penetration depths within end wall 22, has a
reduced heat-affected zone, and is easy to inspect. [0017] While blade root
20 is shown with a single meter plate 26 being secured over inlet aperture
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[0018] FIGS. 3 and 4 are expanded side views of end wall 22 and meter
plate 26, which illustrate the laser fillet welding operation of method 10 (shown
in FIG. 1). FIG. 3 shows end wall 22 and meter plate 26 prior to welding, where
meter plate 26 includes edge portion 32. Pursuant to step 12 of method 10, edge
portion 32 is disposed on end wall 22 such that edge portion 32 forms corner
intersection 34 with end wall 22. While only a section of edge portion 32 is
shown in FIG. 3, edge portion 32 extends around the entire perimeter of meter
plate 26.

[0019] Pursuant to step 14 of method 10, laser beam 36 is generated from
a laser system (not shown), and is positioned such that laser beam 36 focuses at
corner intersection 34. Examples of suitable laser systems for use with the
present invention include solid-state laser systems and gas laser systems (e.g.,
Nd:YAG and CO; lasers).

[0020] Pursuant to step 16 of method 10, filler material 38 is fed onto end
wall 22 at corner intersection 34, such that laser beam 36 focuses on filler

material 38. Depending on the intensity of laser beam 36, laser beam 36 may
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corner intersection 34. Examples of suitable laser systems for use with the
present invention include solid-state laser systems and gas laser systems
(e.g., Nd:YAG and COZ2lasers). [0020] Pursuant to step 16 of method 10,
filler material 38 is fed onto end wall 22 at corner intersection 34, such that
laser beam 36 focuses on filler material 38. Depending on the intensity of
laser beam 36, laser beam 36 may 5 focus on, or adjacent to, filler material
38. As shown in FIG. 3, filler material 38 is fed to laser beam 36 in a
continuous manner, where laser beam 36 melts filler material 38 as filler
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[0f2ahth FIG. 4 shows end wall 22 and meter plate 26 after the laser fillet
welding operation. As shown, end wall 22 and edge portion 32 of meter plate 26
are fused together at welded joint 40. Welded joint 40 is a laser fillet weld that
includes a fused agglomerate of metals from end wall 22, edge portion 32, and
filler material 38. This secures meter plate 26 to end wall 22 over inlet aperture
24b for restricting the flow of air through inlet aperture 24b during operation. As
shown in FIG. 4, welded joint 40 has a weld leg length (referred to as leg length
42) extending from edge portion 32 of meter plate 26, and a penetration depth
(referred to a penetration depth 44) extending into end wall 22.

[0023] Because a substantial amount of the energy of laser beam 36
(shown in FIG. 3) is absorbed by filler material 38, penetration depth 44 of the
welded joint 40 is reduced, even with large lengths for leg length 42. This allows
leg length 42 to be large to secure meter plate 26 to end wall 22, while also
reducing the heat-affected zone of welded joint 40. Suitable lengths for leg
length 42 range from about 500 micrometers (about 20 mils) to about 1,300

micrometers (about 50 mils). Suitable depths within end wall 22 for penetration



42) extending from edge portion 32 of meter plate 26, and a penetration
depth (referred to a penetration depth 44) extending into end wall 22. [0023]
Because a substantial amount of the energy of laser beam 36 (shown in FIG.
3) is absorbed by filler material 38, penetration depth 44 of the welded joint
40 is reduced, even with large lengths for leg length 42. This allows leg
length 42 to be large to secure meter plate 26 to end wall 22, while also
reducing the heat-affected zone of welded joint 40. Suitable lengths for leg
length 42 range from about 500 micrometers (about 20 mils) to about 1,300
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numerousRQGdicationsandivariaias.Wikish the scope of the present
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modifications and variations within the scope of the present invention will be
apparent to those skilled in the art. Welded joints of Example 1 and Comparative
Example A were each formed at a corner intersection of a meter plate and an end
wall of a blade root, which correspond to end wall 22 and meter plate 26 (shown
in FIGS. 2-4). For the welded joint of Example 1, the blade root was restrained
in a fixture mount and the meter plate was then positioned on a surface of the
blade root to form a corner intersection. The meter plate was then manually tack
welded to the blade root to maintain the meter plate’s position and to ensure
proper contact between the meter plate and the blade root.

[0026] Filler material (powdered PW A 1447 nickel-based alloy) was then
deposited at the corner intersection, and a computer numerical controlled CO;
laser system (Huffman model HC-205 from Huffman Corporation, Clover, SC)
was then used to laser fillet weld the entire perimeter of the meter plate. As the
laser beam was moved relative to the perimeter of the meter plate, the filler
material was continuously fed to the laser beam, thereby forming a laser fillet .

welded joint around the perimeter of the meter plate.
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in a fixture mount and the meter plate was then positioned on a surface of the
blade root to form a corner intersection. The meter plate was then manually
tack welded to the blade root to maintain the meter plate's position and to
ensure proper contact between the meter plate and the blade root. [0026]
Filler material (powdered PWA 1447 nickel-based alloy) was then deposited
at the comer intersection, and a computer numerical controlled CO2 laser
system (Huffman model HC-205 from Huffman Corporation, Clover, SC) was
then used to laser fillet weld the entire perimeter of the meter plate. As the
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the resulting welded joint 40 of Example 1 provides a strong weld between meter
plate 26 and blade root 20.

[0029] For the welded joint of Comparative Example A, the blade root
was also restrained in a fixture mount, and the meter plate was then positioned on
a surface of the blade root to form a corner intersection. The meter plate was
then manually tack welded to the blade root to maintain the meter plate’s position
and to ensure proper contact between the meter plate and the blade root. A
computer numerical controlled CO, laser system (Huffman model HC-205 from
Huffman Corporation, Clover, SC), without filler material, was then used to laser
seam weld the entire perimeter of the meter plate to the blade root, thereby
forming a laser seam welded joint.

[0030] FIG. 6 is a macrograph of a section of welded joint 48 of
Comparative Example A, which secured end wall 50 of a blade root to edge
portion 52 of meter plate 54. End wall 50 and meter plate 54 correspond to end
wall 22 and meter plate 26 (shown in FIG. 5). End wall 50, welded joint 48

(substantially penetrating into end wall 50), and edge portion 52 of meter plate
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[0029] For the welded joint of Comparative Example A, the blade root was
also restrained in a fixture mount, and the meter plate was then positioned on
a surface of the blade root to form a comer intersection. The meter plate was
then manually tack welded to the blade root to maintain the meter plate's
position and to ensure proper contact between the meter plate and the blade
root. A computer numerical controlled CO2 laser system (Huffman model
HC-205 from Huffman Corporation, Clover, SC), without filler material, was
then used to laser seam weld the entire perimeter of the meter plate to the
blade rosts thareby.dprmingsa dasensaam weldad 9iRholA03O]HtG 6648 an
macrogra h of alﬁeﬁ:ton of Ided om(} f Comgaratlve Example A,
which secured end a‘ff1 ofa L Bla dpe fOOt 10 Jé’ge portion 52 of meter plate
[083]1 End wall 50 and FeYpiate ‘Bﬂlé%ﬁ‘réﬂﬁfd?‘ﬁ!dtegeﬁ’@“\?vall o Expeplnérére
plate 26 (shpveannwkelénSdpEncb el lGhpaeidediainid A (whstaﬁtﬁadlyﬁuer
penetratln%mt? ﬁ]d Waluc )heaﬂseeg Qv%tlon I'f (t[) meter égteo 3 5 ?cf)[ih

seen |n ar OI‘tIOhS OWﬂ n are an e OX mo
encased lﬂe@rsélef?o%dhﬁréwe‘arfﬁrm ws‘d{wslf]ernpkaéfh%é? 1‘?51‘ih‘éalb§8r°ﬁ IfBe
welding epaeation oftixample delthe jlasesseapinselding-opaiatioBetiw the
Comparative le ude fille t 8. As s ch, the laser
poam wel e A8 S SE 00 R, B PR Do o0 58
directly WedtirR§ MHeter 3 Idtersa 11‘6 \@ﬁa %\f%&ﬁtﬁemtﬂéwpﬁw f%&f &siised
welded j@iate48t {0 Peneitais sl bstaniialiebelowiher swithdej@hreng] \wakih).

As shown, \yg %??Lho L8 Nigfaa B‘?Qgﬁr%t%dg@%ﬂt% tE%tcié! ANezh A3

deep as its we en th 60 from edge portion 52 meter ate 54. This

mcreaseacﬂ%iﬂé'é(tr%ﬁféﬁ‘iélﬁ 28%%%?8@6 Pmedst Ea'[‘}gﬁ’iﬂ“’ér%’a{%l’%nd a
[ob3a)e void 64 to form Ancuepdediaintvd@e CrackGznand watdvhdn aneoreingly

reduced Bh‘?e§;r§ S‘ﬂ%ﬁ% QﬁL‘(XELE’e%q}JQB%Vﬁ QG %ﬁ@ﬁgg@&?%’ﬂ@% Of3a A
comparison of weldéed joints 40 and 48 (shown in F
root 20 with the use of filler material 38, where filler material 38 is fed to corner

intersection 34 of meter plate 26 and blade root 20. Accordingly, the laser fillet
welding operation of the present invention provides secure welded joints (e.g.,
welded joint 40) between metal parts that are strong and easy to inspect.

[0033] Although the present invention has been described with reference
to preferred embodiments, workers skilled in the art will recognize that changes
may be made in form and detail without departing from the spirit and scope of

the invention.



6, respectively) illustrates the benefits of laser welding meter plate 26 to
blade root 20 with the use of filler material 38, where filler material 38 is fed
to corner intersection 34 of meter plate 26 and blade root 20. Accordingly,
the laser fillet welding operation of the present invention provides secure

cwelded joints (e.g., welded joint 40) between metal parts that are strong and
easy to inspect. [0033] Although the present invention has been described
with reference to preferred embodiments, workers skilled in the art will

1. recogizetHaatiehaopess M@y he-mpsietin iosraacdeipdwitheuh departing
from the spirit and scope of the invention. 9 CLAIMS: 1. A method for

CONEIGiRG a first metal part to a second metal part, the method comprising:
formifigraindnieisectien detseenitte finst meatdlpparianddhecsedandimeial

part; fegdin onOde?lrF filler may ri%to Ehe intersec%’on; and melting the
cedl ered filler matenial To the mtersection; an .
pow ered filler material with a laser eam, ﬁere%y allowing the melted

powderéinfilbe pesitéeiafl tlfrseaierthlvirk e talbpant. dnddhieatiovong theetallted
part to form o Welf aiiig RSN NDeRE IR WEId 858 PERELANAR.tal

depth into the second metal part and a weld leg length from the first metal
part, the peRatr&tiETBEpHS BEfrigas¥sERaHCApBUETEOVNE R isia RSBCIEHEM,
?nd Wherei;u&b@h hh&attl@gfﬁﬁﬁdil zeng iﬁﬂe@lup@dzé?%@]g&ai@mw{i;s inatenctal
ormation of cracks and large pores. 2. The met of claim_ 1, wherein the
(oot bear Rt D FGEA SO BEIR IS MBHEER RN 3 OF R Hth5d e
claim 1, whergiwtheineld exientscaxbund anehiirel pesivetariat thénfirste
metal part. ‘%an%% 5?1%[ odcgg cla}mréléwherein forming the intersection

comprises positioning the first met &gﬁe flush with a surface of the second
metal part.

2. The method of claim 1, wherein the laser beam has a focal point located at the

intersection.

3. The method of claim 1, wherein the weld extends around an entire perimeter of the

first metal part.

4. The method of claim 1, wherein forming the intersection comprises positioning the

first metal part flush with a surface of the second metal part.

5. A metal article comprising:
a first metal part having a surface;
a second metal part having an edge portion disposed adjacent the surface of the first
metal part; and
a laser powder fusion interconnecting the first metal part and the edge portion of the
second metal part to form a laser fillet weld, wherein the laser fillet weld has
a penetration depth into the second metal part and a weld leg length from the

first metal part, the penetration depth being less than about 10% of the weld

10



5. A metal article comprising: a first metal part having a surface; a second
metal part having an edge portion disposed adjacent the surface of the first
metal part; and a laser powder fusion interconnecting the first metal part and
the edge portion of the second metal part to form a laser fillet weld, wherein

the laser filletgyeldihas awnenral ation-gepthcipto.the ﬁ%@ﬁ&mst@lﬂéﬁﬂtﬁw a
weld leg length fro he first etal part, tpe penetration depth being less

than about tO94 SHTHE WA L féﬁcﬁﬁ% “&rid’Wiérein the heat affected

zone is reduced to substantlally ellmlnate formation of cracks and large

6.Pores 8. The Metal article of clgim o, whereindhe 1o 1rsQHeJe¥V Id secures i

surface orP%h irst meta parf tot e edge portlon e second metal part

firgfithetaFiflent mamﬂdgemdmenmétm smné m‘emmm&,llnrmeﬂfmst metal
part is a blade root having an inlet aperture disposed within the surface, and

wherein the second metal part is a meter plate secured over the inlet

7. aperthive nEtaiREtcle of drffele: oftaksin the Witk rasptmars i faltiade 9ol gisin

mté’c%}%@wé @QB&&%HR@&QB@IEE@H%W@'&S&' riacepf thaklasiereal 95&@' iQ :if%tefﬁﬂate
surface of the blade root. 9. The metal article of claim 5, wherein the laser

st \PS BN SRYSUSd an entire perimeter of the second metal part. 11

8. The metal article of claim 7, wherein the surface is selected from the group consisting

of an end wall surface of the blade root and a front face surface of the blade root.

9. The metal article of claim 5, wherein the laser fillet weld extends around an entire

perimeter of the second metal part.
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