LASER FI LLET WELDI NG BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates to nmethods for welding. In particular, the present
invention relates to nethods of welding netal parts, such as parts for
aerospace and avi ation applications, with the use of |aser welding

techni ques. [0002] In gas turbine engines, it is inportant to cool the
turbine airfoils to preserve the integrity of the airfoil structure and
also to attain high engine perfornmance by operating the turbine at optinmm
tenperature levels. It is also inportant to avoid utilizing nore cooling
air than is necessary to mnimze the overall penalty that occurs with the
use of engine air for purposes other than generating thrust or horsepower.
[ 0003] One nethod of optimzing the use of cooling air is to enploy neter
plates to restrict the flow entering into the blade roots of each of the
airfoils. Meter plates are typlcall secured to the blade roots of the
airfoils with |aser seam wel di hSBpEHMETOWELPGensure that the neter

plates remain secured to tRadMEASURPOSTEE ITVENETEy Ne operation, the welds
between each neter plate and blade root are required to have a mi ni mum wel d
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undesirably exte eat-a cte zone of the weld, i"Ch may fo
porous regi ons aampdrte facksspace tahd avietdiah. appliciionsomath| the ubeasfelases saidingrel ds ar e
difficult to vua%gllg evaluate if the neter plate is properly welded to the
bl ade root. As “here is a need for a wel di ng process that provides
good \[@00ds bet vveen met aln gaturising éngthes, itTeingportphtad esol @eduiinedafoileat s), whi ch
are also easy tf%ellvg tge %Etégn:%y 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 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.



BRI EF SUMVARY OF THE | NVENTI ON [ 0004] The present invention relates to a
wel ded netal article and a nethod for welding netal parts to formthe

wel ded netal article. The nethod includes form ng an intersection between
first netal part and a second netal part, feeding filler material to the
intersection, and nelting the filler material with a |aser beam This
allows the nelted filler material to fuse to the first netal part and the
second netal part to forma weld at the intersection. BRI EF DESCRI PTI ON OF
THE DRAW NGS [0005] FIG 1 is a flow diagramof a nethod for wel ding netal
parts wwth a laser fillet welding operation. [0006] FIG 2 is a bottom
perspective view of a turbine blade root containing a neter plate secured
to an end wall of the turbine blade root with a laser fillet weld. [0007]
FIGS. 3 and 4 are expandedpfigiesyMeNeR POFRTE: pideNBRIgN and the neter plate,
which illustrate the laser fillet welding operation. [0008] FIG 5 is a
macr ogf®8ftl of a section Bf %ﬁs%kwt@nv@lg sftg ravigldedyimdial sarfigle apd faj | | et

vel di ng oper at Hlﬁfhod[fgps)?lglngln%talg)af@ t(@foﬁﬁ%eogélﬁgdﬂ'mgﬂcal Qrtlgl%(:t”[‘hgr}n od?
conparati ve exa or ne a | aser seam wel di ng operati on.
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As shown, neth I°nc s st eps and THIET &l I'nvol'ves formng a
comer inter seciallzsnrﬂmmmﬂéms allawSItleasd;lted\ﬁﬁemz&eﬁahppfusrgtortmﬁistmanal[sm( step 12).

This is perforrre thf:écjcggir'n%t'a r}gformw%@%ttgeitnglésegtart havi ng an edge port| on

(e.g., a neter &Cond net al part (e.g., a
bl ade’ root) such that the first netal part is flush with

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] 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




the surface of the second netal part. This forns a corner intersection
between 2 the edge portion of the first netal part and the surface of the
second netal part. The conmer intersection my extend around the entire
perimeter of the first metal part or around a portion of the perineter of
the first netal part. Prior to |aser welding, the first netal part may be
manual | y resi stance tack welded to the second netal part using standard
techni ques to ensure proper contact between the netal parts. [0011] A | aser
beamis then generated and positioned such that it focuses at the corner
intersection (i.e., a focal point of the | aser beamis |ocated at the

corner intersection) (ste Filler material is then fed to the corner
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the first metal part to the surface of the second metal part. The filler material
may be supplied in a variety of media, such as powders, granules, wire stock, and
rod stock. Suitable materials for the filler material and for the metal parts include
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




where the first netal part is welded to the second netal part around the
entire perineter of the first netal part. [0013] In one enbodi nent, the
filler material is fed to the corner intersection through a nozzle of a

| aser system In this enbodi ment, steps 14-18 of method 10 are performed in
a substantially simultaneous manner. The |aser beamnelts the filler
material as the filler material is continuously fed fromthe 3 nozzle to
the corner intersection. As the nelted filler material is deposited at the
corner intersection, the nelted filler material fuses to the edge portion of
the first netal part and the surface of the second netal part, thereby
formng the laser fillet weld at the conmer intersection. [0014] Because a
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corner intersection of the metal parts. This is in contrast to laser seam welds,
which are more difficult to inspect because the welds are located between metal
parts rather than at a corner intersection. Accordingly, laser fillet welding the
filler material at the corner intersection of the metal parts provides a secure weld
that is suitable for use in a variety of application, such as aerospace and aviation
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



producing laser fillet welds with turbine airfoil conponents. FIG 2 is a
bottom perspective view of blade root 20, which is a turbine bl ade root
that is insertable into a dovetail slot (not shown) of a supporting rotor

di sk (not shown). As shown, blade root 20 includes end wall 22, inlet
apertures 24a-24c, neter plate 26, |obed walls 28, and front face 30. End
wall 22 is a wall segnent extending at the base of |obed 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, neter plate
26 i s disposed over end mall 22 and inlet aperture 24b. Wen neter plate 26
is secured to end wall neter plate 26 extends over inlet a erture 24b
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wth the laser fillet welding operation of nethod shown i'n FIG 1).
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operation of method 10, which corres%apdlngly reduces penetratlon dept hs
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i nspect. In this embodiment, meter plate 26 is secured to front face 30 with the laser fillet
welding operation of method 10, which correspondingly reduces penetration
depths within front face 30, has a reduced heat-affected zone, and is easy to
inspect.

[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 comner intersection 34, such that laser beam 36 focuses on filler

material 38. Depending on the intensity of laser beam 36, laser beam 36 may



[0018] FIGS. 3 and 4 are expanded side views of end wall 22 and neter plate
26, which illustrate the laser fillet welding operation of nethod 10 (shown
in FIG 1). FIG 3 shows end wall 22 and neter plate 26 prior to wel ding,
where neter plate 26 includes edge portion 32. Pursuant to step 12 of

met hod 10, edge portion 32 is disposed on end wall 22 such that edge
portion 32 fornms corner intersection 34 with end wall 22. Wiile only a
section of edge portion 32 is shown in FIG 3, edge portion 32 extends
around the entire perinmeter of meter plate 26. [0019] Pursuant to step 14
of method 10, | aser beam 36 is generated from a |aser system (not shown),
and is p03|t|oned such that |aser beam 36 focuses at__ carner intersection
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the molten metals of end wall 22, edge portion 32, and filler material 38 to mix
and fuse together. Laser beam 36 is then moved around the entire perimeter of
meter plate 26, and filler material 38 is continuously fed to laser beam 36,
thereby forming a laser fillet weld around the entire perimeter of meter plate 26.
[0022] 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



results in localized nelting of end wall 22 and edge portion 32, thereby
causing the nolten netals of end wall 22, edge portion 32, and filler
material 38 to mx and fuse together. Laser beam 36 is then noved around
the entire perineter of mneter plate 26, and filler material 38 is
continuously fed to | aser beam 36, thereby formng a |laser fillet weld
around the entire perineter of neter plate 26. [0022] FIG 4 shows end wal l
22 and neter 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
wel ded joint 40. \Wel ded joint 40 is a Iaser fiIIet weld that includes a
fused aggl onerate of neta fromend edge portion 32, and filler
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As di scussed above, reducing penetration depth 44

EXAMPLES

[0025] The present invention is more particularly described in the
following examples that are intended as illustrations only, since numerous
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 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.

[0026] Filler material (powdered PWA 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.



correspondi ngly reduces the heat-affected zone of welded joint 40. Reducing
the heat-affected zone of welded joint 40 reduces the formation of cracks
and large porous regions in welded joint 40, thereby increasing the
strength and reliability of welded joint 40. Furthernore, the wel ded joint
40 is easy to inspect for proper fusion along the weld path because wel ded
joint 40 is located at corner intersection 34 of end wall 22 and edge
portion 32. EXAMPLES [0025] The present invention is nore particularly

described in the follow ng exanples that are intended as illustrations
only, since nunmerous nodifications and variations within the scope of the
present invention will be apparent to those skilled in the art. Wl ded
joints [892%xanple 1 and iSaf imasrograph h| & sectigar &f Ewc welded neiat &f a coner

intersection ofg@npe! € whlcAt@rdand@NoeReded it A (sBobh 16091 . THHI ch
correspond to end wall 22 and neter plate 26 (shown in FIGS. 2-4). For the
wel ded j oi nt ofrefexaap nemarals tpsevidsadan &16 ob tareygpsrespegdingly rised in KIGy 5ffoxt ur e nmount
and the neter p yasss e it 4 . u ﬂ&ﬁ : root to
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to the bl ade r ogate 26 campbersean m KlfeS.nEheedarippatian 46 shown tin BIEG. arislart epoensur e

proper contact ter. d. | ade roo [002 Filler
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(Huf f man nodel HC- 205 from Huff man .Cor porati gn oyer hen used
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beam 36 is absorbed by filler material 38, which reduces penetration depth 44 of
welded joint 40 into end wall 22 of blade root 20. This correspondingly reduces
the heat-affected zone of welded joint 40. This is evidenced in FIG. 5, where
welded joint 40 is substantially free of cracks and large pores or voids. As such,
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



[0027] FIG 5 is a macrograph of a section of the welded joint of Exanple
1, which corresponds to welded joint 40 (showmn in FIG 4). The reference
nunerals provided in FIG 4 are correspondingly used in FIG 5 for ease of
di scussion. End wall 22, welded joint 40, and edge portion 32 of neter
plate 26 can be seen in FIG 5. The dark portion 46 shown in FIG 5 is an
epoxy nold that encased the sectioned welded joint 40. As shown in FIG 5,
wel ded joint 40 does not penetrate very far below the surface of end wall
22. In fact, penetration depth 44 of welded joint 40 is |ess than 10% of
its weld leg length 42 from edge portion 32 of neter plate 26. [0028] As
di scussed abov a substanti of the energy of laser beam36 is
absorbed by fil eﬁ%‘f‘annkéﬁ &P 4P F%é 2 darrlécE’BEIQQS ggngg‘f’?’ﬁtlf‘ %deﬁpla{’? M of

wel ded j oi nt 4(bpbf5t1ﬁolam1£hw@a£ed212es@éudﬁh&dadé@@tmm Thi's correspondi ngly

reduces t he heat-affected zone of welded joint 40. Thi s IS eV| denced in
FIG 5100tre wel ded j ofioniest tasthe laser fljet P’Vﬁlldlr&% rerton Pl Bramnls 1.4hy Iarge

pores or Vvoi ds.|a¢8s seﬁumeldmg%exraﬁ&%ftwﬁ%a\fﬁwsl@qamw dfOh AR findRR Tle£

provides a strong weld between neter ate 26 and bl ade root 20. [0029] For

the wel ded j oi rikaiesial Sdnparsaeh. voe mﬁmw pesifeonpd abpyeredag portigns SHPE o
restrained in qnéte OPIHE B4Ry dfBdiyt P& &r?eier?rlﬁé 64 \&Snd RGN 5B chd oned on  a

surface of the bla r oot to orm a cone Intersection. The neter plate was
t hen manual |y thdask reetl dElfs wcausehavelseddeint ébto peneirate vubksitantiallie betew ghe pl ate' s

posi tion and tsgrfgéésolfreﬁd Waﬁ%r &sog&gﬁﬁtw%%lvﬁ%? 4§ Iﬂfr‘d Er?ertr(lﬁélfé thaggj the bl ade

root. A conputer nunerical contr aser sys n” nodel
HC- 205 from Huhdtvas alﬁmspaﬁrmep onits @kldVey leng8CPHO fraintddgeiportiph E2of mateer i al , was

t hen usedtola mweld th nt.ir, ri r pf ,t.he ter Iatetothe
bl ade root, §E€% 54> forl?ﬁllhcgr;ea%e glgere%téaége%%e %Feaﬁwe% ? Jmf‘bgg $ 6is a

macr ogr aph . of &ramcsi amd olfargesbided tp dormtin 481ded joint 48. Cracks 62 and v01d 64
accordingly reduced the strength of welded joint 48 of Comparative Example A.
[0032] A comparison of welded joints 40 and 48 (shown in FIGS. 5 and
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 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.



Conpar ati ve Exanple A, which secured end wall 50 of a blade root to edge
portion 52 of neter plate 54. End wall 50 and neter plate 54 correspond to
end wall 22 and neter 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 8 54 can be seen in FIG 6. The dark portions 56 shown in FIG
6 are an epoxy nold that encased the sectioned welded joint 48. [0031] In
contrast to the laser fillet welding operation of Exanple 1, the |aser seam
wel di ng operation of Conparative Exanple A did not include filler material
38. As such, the | aser beam was positioned above edge portion 52 of neter
plate 54, thereby directly welding neter plate 54 to end wall 50 of the

bl ade root. This caused welded joint 48 to penetrate substantially bel ow the
surface of end @phim$0. As shown, wel ded joint 48 had a penetration depth 58
that was al nost as deep as its weld |eg length 60 from edge portion 52 of
meter plate 541 This i nérBeiBedior weldingafirsfmesal pary torbsssonsk meel paedhf oi nt 48,
causi ng CraCkSm@tKoMnﬁising.f ge void 64 to formin welded joint 48. Cracks 62
and void 64 accordingly reduced the strength of wel ded joint 48 of

Conpar ative Exanple A [ 0082jg Ap doesentios detvesen vib¢ diast jnefiahtpart 4@dathed 48 ( shown
in FIGS. 5 and 6, respectivege}z%ndid]%tﬂ% ates the benefits of laser wel ding
neter plate 26 to blade root W e use of filler material 38, where
filler material 38 is fedeetlingcilenmeaterial fit the Sersettoom; 3l of neter plate 26 and
bl ade root 20. Accordingly,.the lLaser fillet .~ welding,operation of the
present invention provi d(rar}sémsn éﬁertgl?e\ﬂéqagfgaf vj“gl? ?\%aéer(bg?rﬂgt}lerg@eiﬁh)évdn% tgf nt 40)
between nmetal parts that are sthkarileandiefislay fiise to s fied tmetdl PAXB34d Bkt hough t he
present invention has been described with trPef erence referred

t.0
enmbodi ments, workers skilled OBt Part i fofm p we fhi’émf’ﬁﬁct“oﬁ'hanges may be
made in formand detail wi thout departing fromthe spirit and scope of

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 the 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 25% of the weld leg length.

5. The method of claim 4, wherein the penetration depth is less than

about 10% of the weld leg length.
6.‘ The method of claim 1, wherein forming the intersection

comprises positioning the first metal part flush with a surface of the second metal

part.
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the invention. 9 CLAIMS: 1. A nethod for welding a first nmetal part to a
second netal part, the nethod conprising: formng an intersection between
the first netal part and the second netal part; feeding filler material to
the intersection; and nelting the filler material with a | aser beam thereby
allowing the nelted filler material to fuse to the first nmetal part and the
second netal part to forma weld at the intersection. 2. The nethod of claim
1, wherein the | aser beam has a focal point |ocated at the intersection. 3.
The nethod of claim 1, wherein the weld extends around an entire perineter
of the first netal part. 4. The nethod of claim1l1l, wherein the weld has a
penetration depth into the second netal part and a weld leg length fromthe
first netal part, the penetration depth being | ess than about 25% of the

wel d | eg lengthy 5. The R m@@lo@af&&aﬂ1rnwﬂlereim§é§né?rﬁaff@mp@@%vli&hh@@ depth is
| ess than about 10% of the weld leg | ength . The netho claim1,

wher ei n f or mi ngme¢diem jselecsedsiaem thergroupsaptistios of pygders; sranHes. e sfock.gnd net al  part
flush with a surfagg of the second netal part. 10 7. The nethod of claim 1,
wherein the f|IIer material is provided in a nediumselected fromthe group
consi sting of powders, granules, wire stock, and

8. A method for welding a first metal part to a second metal part, the
method comprising:
positioning an edge portion of the first metal part adjacent a
surface of the second metal part;
feeding filler material onto the surface of the second metal part
adjacent to the edge portion of the first metal part; and
melting the filler material with a laser beam to form a laser fillet
weld between the edge portion of the first metal part and

the surface of the second metal part.

9. The method of claim 8, wherein the laser beam has a focal point

that intersects the filler material.

10. The method of claim 8, wherein the laser fillet weld extends

around an entire perimeter of the first metal part.

11. The method of claim 8, 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 25% of the weld leg
length.

12. The method of claim 11, wherein the penetration depth is less than

about 10% of the weld leg length.

11



rod stock. 8. A nethod for welding a first netal part to a second netal

part, the nethod conprising: positioning an edge portion of the first netal
part adjacent a surface of the second netal part; feeding filler materi al
onto the surface of the second netal part adjacent to the edge portion of
the first netal part; and nelting the filler material with a | aser beamto
forma laser fillet weld between the edge portion of the first netal part
and the surface of the second netal part. 9. The nethod of claim8, wherein
the | aser beam has a focal point that intersects the filler material. 10.
The met hod of claim@8, wherein the laser fillet weld extends around an
entire perineter of the first netal part. 11. The nethod of claim8, wherein
the laser fillet weld has a penetration depth into the second netal part

and a weld |eg jength frem g4 bfrcﬁlm lrfegvﬁér 1H@1§ett?%le} Hﬁlte?‘rﬂl@tﬁ(ﬁgdﬁggj dept h

bei ng | ess than about 25% of the weld 1eg of claim
11, wherei n t het pediemseleted frgmpghé: giosp Icet§§tlng1ahpoved@w1gran@l% ofiret iecknel d | eg

| ength. 11 13. EIQ Jpod of claim1l, wherein the filler material is

provi ded in d)un1selected fromthe group consisting of powders,

granul es, mnre stock, and rod stock. 14. A netal article conprising: a

tirst metal pal’1'[4. haVi ng gn?e"tl'cll’lfa%%ﬁ:;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 fillet weld interconnecting the first metal part and the edge

portion of the second metal part.

15. The metal article of claim 14, wherein the laser fillet weld secures
the surface of the first metal part to the edge portion of the second metal part

with a filler material.

16. The metal article of claim 14, wherein the first 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 aperture.

17. The metal article of claim 16, 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.

18. The metal article of claim 14, wherein the laser fillet weld has a
penetration depth into the first metal part and a weld leg length from the edge
portion of the second metal part, the penetration depth being less than about 25%
of the weld leg length.

12



a second netal part having an edge portion di sposed adjacent the surface of
the first metal part; and a laser fillet weld interconnecting the first
netal part and the edge portion of the second netal part. 15. The netal
article of claim14, wherein the laser fillet weld secures the surface of
the first netal part to the edge portion of the second netal part wth a
filler material. 16. The metal article of claim 14, wherein the first netal
part is a blade root having an inlet aperture disposed within the surface,
and wherein the second netal part is a nmeter plate secured over the inlet
aperture. 17. The metal article of claim 16, 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. 18. The netal article of claim 14,
wherein the Ia gr fillety r t rst neta
part and a wel Ieg Iengt%‘gg% eaOfcg)ﬁ‘H% %e%e%pthgggﬁeﬁﬁh&&ggjggle%rget al part,

t he penetrat i onhaiepowt lb%qughd\e@d;leglh@@thabout 25% of the weld leg length. 12
19, The netal article of claim 18, wherein the penetration depth is |ess

t han about 10% of the weld leg length. 20. The nmetal article of claim 14,
wherein the | ager fill et Twahelalextionalaiarnouwmtkrem thendser fllgpecldreateads of t he

second netal part. 13
around an entire perimeter of the second metal part.
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