ALUM NUM VEELDI NG OF Al RCRAFT ENA NE COVPONENTS BACKGROUND [ 0001] Hi gh
quality and defect free alum numwelds are of high interest in various

i ndustrial applications. Superior alumnumwelds are required in
manuf act ured products to ensure their proper function, service |ife, safety
and reliability as well as can provide valuable savings when repairing

al um num conponents. [0002] Recently, concerns have risen in the aircraft
engi ne i ndustry about the inherent defects in alum num welds. These
defects, such as porosity, inclusions and cracks, may significantly affect
the structural properties such as tensile strength, toughness, and

el ongation of welds. There is also a high |ikelihood of stress

concentrations resulting in crack initiation and propagation from porosity
shortly after ALSMINYAMWEEDINGOF AARURABT FNGINE GOMPONENTES
di scontinuities being left in repaired conponents, alum numwelding repairs

have been revised to include a n st-wel di ng X-ray inspection.
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[0003] Gas-tungsten arc welding (GTAW) is a known process that melts and joins metals
by heating them with an arc established between a non-consumable tungsten electrode and the
metals. The arc also melts the added filler metal. The torch holding the tungsten electrode is
connected to a shiclding gas that streams out of the welding torch and screens off the glowing
tungsten electrode and welding pool from the surrounding air. There are several modifications of
GTAW technique that differ in polanty of the tungsten electrode and base metal. Both direct
current (DC) and alternating current (AC) are used for aluminum welding. The current type and
electrode polarity influence the amount of heated material, fusion, penetration and oxide
contamination. Three types of known arc generation include direct current with the electrode
negative (DCEN), direct current with the electrode positive (DCEP), and alternating current
(AC).

[0004] Welding of aluminum alloys is often accompanied by the development of
unwanted gas porosity during solidification of the weld due to reduced solubility of dissolved
hydrogen. Fig. 1 illustrates an example of weld porosity in an aluminum part (Fig. 1 is from G.

Mathers The Welding of Aluminum and Its Alloys, Woodhead Publishing Ltd., 2002). Porosity



appears when the hydrogen dissolved in alum num becones trapped as the weld
solidifies and forns bubbles in the solidified weld. This neans that the
anount of porosity will increase with increasing welding speed (travel
speed of the torch). An alloy conposition such as, but not I|imted to, a
conposition including magnesi um may al so influence the anount of porosity by
changing the solubility of hydrogen. Magnesiumraises the solubility and
reduces absorption of hydrogen by as nmuch as twi ce at 6% My. Copper and
silicon have the opposite effect. 100051 The majority of hydrogen absorption
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passes, which resulted in the porous material being present in the weld.
X-ray i eenweinptiom efghe alekbipesd by tmesphime hydsogenswisnmeieen gudrapeepthap arengloby
phenomenon. Also, using pure argon as a shielding gas results in a colder process with lower
fusion, lower weld pool temperature and shorter residence in molten state leading to extensive
porosity entrapped in the weld. Moreover, proper cleaning of parent material surface and filler
wire sufficient to prevent introduction of contamination was generally not practiced. The surface
of parent material was gouged and wire brushed using the compressed-air powered tools. These
tools in fact bring the stream of air, often contaminated by oil particulates, directly to the virgin
surface of the freshly scraped/brushed surface causing the extensive oxidation of the surface.
This oxide together with surface adsorbates/condensates are common sources of porosity and
inclusions in aluminum welds. Welding was done in a pass-by-pass manner without any weld
material removal in between individual passes, which resulted in the porous material being
present in the weld. X-ray inspection revealed pores and inclusions in the welds prepared by
means of this technique.

[0007] Because of an upward trend in number of aluminum components requiring

welding repair due to natural aging of aircraft engines/components and increasing scrap rate due
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means of this technique. 100071 Because of an upward trend in nunber of

al um num conponents requiring welding repair due to natural aging of

ai rcraft engi nes/ conponents and increasing scrap rate due 2 to inability to
perform defect free welding of alum num a new al um num wel di ng t echni que
that wll be able to pass the X-ray inspection is desired. SUMVARY [00081
A nmet hod and system of formng a porosity free alum numweld or weld
build-up to a predeterm ned thickness has been devel oped. The area of a
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25% and 50%. The porous portion of each weld pass may be removed and additional nonporous
layers may be built. The process steps of preheating, formation of a weld bead and top portion
removal may be repeated to achieve the desired weld thickness or build-up. The object is then
removed from the welding box; the welded area is made flush slightly above the contour of the

object by grinding or polishing to prepare the part for subsequent heat treatment and X-ray

inspection.
BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 shows a photograph of finely distributed porosity in an aluminum aircraft
part.
[0010] FIG. 2 is a block diagram illustrating an exemplary method.
[0011] FIG. 3 is a perspective view of a welding box for use in the exemplary method

and system of FIG. 2.

[0012] FIGS. 4A and 4B are schematic views of the components of an exemplary gas
tungsten arc welding process showing application of a weld bead and thereafter removing a
portion of the bead.

[0013) FIGS. 5A and 5B respectively show photographs illustrating the comparison in

porosity before and after using the exemplary method and system.



100121 FIGS. 4A and 4B are schematic views of the conponents of an exenpl ary
gas tungsten are wel ding process show ng application of a weld bead and
thereafter renmoving a portion of the bead. [0013] FIGS. 5A and 5B
respectively show photographs illustrating the conparison in porosity
before and after using the exenplary nmethod and system 3 [0014] FIG 6
shows a phot ograph of exenplary weld build-up sanple with inproved

porosity. [0015] FIG 7 shows nore photographs of exenplary weld build-up
sanple with inproved porosity. DETAI|LED DESCRI PT| ON [ 0016]. An exenpl ary

vel di ndBlcess &g éy*g?‘@m ehatpmanh pheerw!asy eald brilgrassaple pyigh mppovedn” st ep
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of porosit nd preventing a lack of fusion. As shown in Fig. 3, an
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environnment. The weld box 41 may be fabricated from cardboard, for exanple,
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cover SoBfqR 0Lkt Ko vikutbse b HaRECy I 8 Pl ol 1301
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surface of the box may be covered by protective tape as well.
[0017] Once the object is inside weld box 41, step 13 purges the inside of the welding
box 41 with an inert gas such as argon. For example, Fig. 4A illustrates a portion of an
aluminum metal substrate or object 51 supported on a heat sink, such as a copper shoe 56,
located inside the weld box 41. Shielding gas flows from an inlet 52 during the welding process
described below to further facilitate preventing any contaminants from contacting the aluminum
metal object 51 being welded, a weld wire or an electrode.
[0018] The exemplary process and system of Fig. 2 will be further described with
references to the apparatus of Figs. 4A and 4B. The object 51 is preheated in step 17 to prepare
the object 51 for welding to an elevated temperature using a heater such as a hot air torch 43.
Preheat temperatures of 100 °C or higher are desirable since at such temperatures any moisture
will be driven off.
[0019] Step 19 includes an actual gas tungsten arc welding step where weld material such
as a weld wire 53 is melted by means of electric arc established between a tungsten electrode 54
and the object 51 to form a first pass weld bead 55. Once the weld bead 55 is complete, the
operator moves the object to remove the top of weld bead 55 by grinding with a file or grinding
wheel 57 located inside weld box 41 as shown in Fig. 4B. The welded object 51 is examined to

determine if the welding is done to industry standards. If it is satisfactory, the object 51 is
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Preheat tenperatures of 100 C or higher are desirable since at such
tenperatures any noisture wll be driven off. [0019] Step 19 includes an
actual gas tungsten arc welding step where weld material such as a weld
wire 53 is nelted by nmeans of electric arc established between a tungsten

el ectrode 54 and the object 51 to forma first pass weld bead 55. Once the
wel d bead 55 is conplete, the operator noves the object to renove the top
of weld bead 55 by grinding with a file or grinding wheel 57 |ocated inside

wel d box 41 shown ji.n Fig.. 4B. wel ded ject 51 is e ined t.o
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more attractive for GTAW than helium. In some cases, mixtures of argon and helium result in a
usable compromise. However, due to helium's lower specific weight, comparatively more helium
than argon has to be used for gas shielding purposes.

[0021] The welding arc is sustained by plasma that forms by ionization of the shielding
gas. Besides influence on heat transfer during welding, shielding gas also protects the arc and
molten pool from contamination. A 50:50 mixture by volume of argon and helium gases was
used as a shielding gas in a number of examples. This mixing ratio yielded combined advantages
of both gases. For example, argon provides easier arc ignition due to its lower ionization
potential; it is heavier than helium, and thus, provides better arc and molten pool shielding and
surface oxide removal. Helium's higher ionization potential, low electric conductivity and higher
thermal conductivity results in higher thermal input into the object workpiece providing hotter
weld pool of lower viscosity with lower tendency for porosity entrapment. The flow rate of
shielding gas was 20 L/min at which value there was no disruption of molten pool by the gas

flow.



[0021] The welding arc is sustained by plasma that fornms by ionization of
the shielding gas. Besides influence on heat transfer during wel ding,
shielding gas also protects the arc and nolten pool fromcontam nation. A
50: 50 m xture by volune of argon and helium gases was used as a shiel ding
gas in a nunmber of exanples. This mxing ratio yielded conbi ned advant ages
of both gases. For exanple, argon provides easier arc ignition due to its

| ower ionization potential; it is heavier than helium and thus, provides

better and nmol t ool shiel dj ng an rface oxi de renoval . Heliums
hi gher I%fﬁ]zatl ort gﬁ@éﬁ?‘ioyawﬂ?ri@w Lﬂ%aay eu ﬁaattfqdm gnaﬂagmﬁ@de# #sr nal
conductyMif thx 14§ Sthd §uﬂp853‘bigf'§£s EH@(s%'méH&ché smlaymﬁltg;]gag <R tﬁmm&%éab%g%

provi di ng hot t er poo | ower viscosit ower tendency f
por osi tgphem maqgacbtnﬁ as fﬂflnuebuielnbswretaxaut<ec gob thatsbawiscto npregdhsutvedisr @0ting. fiha calunmm ch

ol et Do UPEn I Gedionlos ' Pin %, bRR-TBR el Be* 3 wiiaflp < G e o

t he V\&lcdesbmhékzeldﬁiea ﬂﬂd@@ﬁﬁc@énﬁ@@ﬂo%ens is to make the shi eI di ng gas
exit the inlet nozzle as a colum I nstead of as a turbul ent stream of gas

that bd§PH to spnésrxemplagy weldingdeehnigye, gk akernating cusentg s 120 t(bmﬂ 4TpRs
electr Olg?)g/g’e ustéag écz Ef’so%fdg s'giﬁ%&% Fn :?trmﬁlﬂttcg) mteE %n&@dsg lljlgofﬂlé}:lwﬁ'e mfaf’%ﬁ \k/ft]‘?bfrsﬁzg)l In

vi sibili area, and a re Ion 1n

t he exengthbofyobjedt Hilng is aedvmirereled ho ghe highaunat mmguravamtlmugﬁ 1ds¢ Qhdnofui00
anps may be usgd t.o provi de suffici t heat inp ge é fuse the
£1 T er Rives sued domne fie Neldinednpees |heg ing; i ee} n bt aqiustrdacsRriRging ¢ o

use hi ghy cymbRMhe SRt pAYRN P YOR amyf eyl i ng
t he meld%ng prO(:Gesst fﬂe Regt thut cgagggmpﬁe%yﬂgkgﬁfﬁg?ggﬂg§?g§d|ngly,

e.g., Vvieeninating themeddghomolen pnol sheuld|bei wlididied poibf tccteanmatlng/ttpwhlamytla

contr ol dal .. n,,termnati t he wel

SOt o vBfe o R gERRee s HEB S Sirire souTheatth RA%: wRbc e Pt i n
over t hgowtTpthRratrely! bxtthgiRhindithd 6Rtdt Gvbldhi Buget filli redllt MagatB@%hd ckd@w. To
the contrary, extanU|sh|ng the arc at welding current will result in

cr at er scragkd cr at er cracks [00241 The gases used in the gas shlelded

D00 2L T PR B St e 0 PUERLE RS, w1
may be overlooked. Ideally, gases with a dew point of less than —50 °C (39 ppm water) should be
used to facilitate ensuring that when gases are delivered to the weld pool they have maintained
this high degree of purity. Therefore, the gas supply system should be checked at regular
intervals for leaks, that damaged hoses are replaced immediately and joints are sound. Screwed
or bolted flanged connections are also potential sources of contamination and leaks that may be
avoided by the use of a brazed or welded system.
[0025] As for the weld wire 53, contaminants are normally on the surface because filler
wires are metallurgically clean. A larger diameter of weld wire will have less surface area than a
smaller diameter for a given volume of deposited weld metal. Larger diameters are also easier to
feed by pushing. However, a diameter that increases the heat requirement beyond that suitable
for the parent metal is to be avoided. In the exemplary experiments described below, the filler
wire was at first brushed uni-directionally with Scotch Brite® cleaning product (3M Company)
and cleaned with a lint free cloth soaked in alcohol. After cleaning, the wire was immediately
inserted into the box filled with argon protecting the welding area. Once the wire has been

cleaned, it should not be handled with bare hands. A clean pair of gloves should be used and



used to facilitate ensuring that when gases are delivered to the weld pool
they have maintained this high degree of purity. Therefore, the gas supply
system shoul d be checked at regular intervals for |eaks, that danaged hoses
are replaced inmmediately and joints are sound. Screwed or bolted fl anged
connections are al so potential sources of contam nation and | eaks that may
be avoided by the use of a brazed or wel ded system 100251 As for the weld
wire 53, contaminants are normally on the surface because filler wres are
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top porti of egch pass is likely to,cantain parosity. .Therefore, the top
port L ortEura B8 Hagint C S0 JLANE PRREFR, Ho TR EPEPOISRSME e

vi sual | Weld&e Pf HiRee EferidRhRCE 6061 TA18mIRAT AR WiLIRURA dISn2RANt ARYARAH0% of
each pass. Liquid penetrant is not recommended for interpass weld

i nspect4a ahenawmelloeCompared toralpmbrune alloysppidl law silinen vesitentsu highetesibgm
L T e
For t hedewéepetht pBrkity i eGluminu welda Rl dueyto WS difRtae b@tcd| dm@ntatdidntianf i | | er
mre OfThe main cause is hydrogen that can form pores up to 4 mm in size due to its decrease in
solubility in aluminum during solidification. Therefore, the exemplary methods and systems
facilitate eliminating or minimizing several sources of contamination in order to achieve a more
defect free aluminum weld.
[0028] The exemplary welding method used in the experiments employs GTAW with
alternate current to provide sufficient heating as well as cathodic cleaning of the weld pool. AMS
4190 filler wire with diameter of 3/32 inch was used. Several parameters (namely current
settings, gas composition and flow rates, welding atmosphere) and their influence on the weld
purity were observed. The parameters taken into account are described below. Welding was
performed inside the weld box filled with argon purging or backup gas and mixture of argon and
helium gases was used as a shielding gas for GTAW.
[0029] After those experiments, several cutouts from fan exit outer case components

were used to prepare one-pass weld samples. After welding, the welds were X-ray inspected.

Evaluation of welds, using an optical microscope, was aimed at observation of the presence and



4043 al umi num al l oy. Conpared to alum numalloys wth [ow silicon content, a
hi gher silicon content in this alloy inproves fluidity during welding and
inhibits the sensitivity to hot cracking. However, the porosity in the
alum numwel ds is due to the different sources of contam nation. The main
cause is hydrogen that can formpores up to 4 mMmmin size due to its decrease
in solubility in alum numduring solidification. Therefore, the exenplary
nmet hods and systens facilitate elimnating or mnimzing several sources of
contam natijon in order to achieve a nore _defect free alum numweld. 100281

The exeHBTBRIPAESIPArasyy netibthevedd Examples of pppemehs hoding el aeklvamnles
alter n%ﬁr grw;)‘go tg%gmyoé%gﬁo‘ﬁﬁnzi&_ ¢Rtaphiept i ng as well as cathodic cl eaning

of the we 4190 f1i wre with diameter of 3/32 inch was used.
Sever al [0f3anet erFsorhrtherekyeronentd ntesulsedtitaingk it gas fownd thsit thigher and crrany

rates, wel.di a e) and their influence on . the, weld rity were
obser verﬁf‘g‘ﬁé]g'%ﬁhﬁmgﬁé a%‘?ﬁ’e‘ﬁldi Rﬁ'ﬁ’j&n’alg?:go tog, 'é‘tq:lg?cs?‘i‘eiﬁagtg@ g‘@\)l’ € E@‘I‘tﬂ’leng was
per f or nghcisnis @%ntﬂg Mﬁhfi_nbt@r‘insf off pR6kityi dnb RSO M IRY (Eing hnCireRPstiidRp RSN

m xture of argon an el ium gases was used as a shielding gas for GIAW
100291 fagilitstediradwingshpporontnt s, several cutouts fromfan exit outer case

conpone, were.ysed t o, pr.epare one: s,weld sanpl es,.. Al ter l.di ng.. the
e G vlBPE T oy TRt R BT RBG AT T8 Mol e s S Bor
M cr osci@pan skasoudrivask whll.obsedtivatof ¢ Will WhempERBRANE réished fromh tervdlUdridon of

porosity within the weld. Exanples of mcrographs show ng actual weld
sanpl esweldibuilt uplpchite dimpnsignd] gequisgmgpts. § ri wasogased op thidpvsBpmeniod@1 Fr om

t he expgri i o h i F a1 & t,
rangi no PIBRU T B Yo0° Uk kAU IRGs eoslBR of e Bls B NER FARIBHESAN L ga
have pospiriy e thefdeomeisy ofi thgusdrert yneadl). i E.OS isl e phatograplobf therweal twhalweldsi on.
Al so, usi.ng an argon atnosphere t facilitated. reduyci ng.the porosity.
[oosnuh% URedea SEacht Oy deR 85 ST MatTeR &ngwﬁéiqummféy ﬂtngptgg X o
bui l d UiB?Etio&.he fan exit outer case wall. A section of the wall was

i cal

mechanically renmoved fromthe wall and weld built up back to di nensional
requi r elf8d2]s. TheMekfaptrimass boause dxib mneheasd alesipugpedk fiir deofclapmett ipatregss of

CMQ}[Nht ° \?/I’:r%%léc(f t%ei\)rgl\ﬁlredthg%vaé?ds sag'x%?es i:hta{ whs ﬁlcysfcgl?y zti)n%aéjeoraﬁ% ricglilyrf gi%iia? t t?lL d\é\ﬁ:lctdi ng

to be welded on the live part in the future, as shown in Fig. 7. An arrow points to the weld in Fig.
7. During this trial, welding was performed in a constrained area due to part geometry and
diverse shape. Again, X-ray inspection did not reveal any defects in the produced weld and thus
the exemplary methods and systems facilitated repeatability and reproducibility of the exemplary
process.

[0033] Although the present invention has been described with reference to exemplary
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.



regards to the geonetry of the parent netal). Fig. 6 is a photograph of the
wall with the weld built up area, adjacent to a top edge. There were no
findings of porosity during the X-ray inspection. 100321 More experinents
on a fan exit inner case designated for devel opnent purposes were used to
prepare the wel d sanple that was physically and geonetrically simlar to the
defect to be welded on the live part in the future, as shown in Fig. 7. An
arrow points to the weld in Fig. 7. During this trial, welding was
perforq&? \n.a constrained area due to part geonetry and diverse shape.

Agai n, -@ggsinspection did not reveal any defects in the produced weld and
thus the e : i1 t gl |-
oproduli bi 1t oY (eorbate A SSRNENE roRsliy %) SR REuE, Ainahend B0
i nvent i @mmphiamg beestepdedicri bed with reference to exenplary enbodi nents,
workers skilled in.the art. wll|l recogni ze that, changes may bge made in form
and ot ai | G eRoivedepaEtipkg the BRERIS o6 i A OToES BiecAs CTRVE o, | 8
CLAIMS: 1. A nethogeffarcpaliighg @ substantially porosity free weld to an

al um num obj ect, conpri sing the steps of: (a) applying a material to the
obj ect in arfbkmenegegiapaion®h ﬂ‘mtpphch materidl eontaining perasity whikgymeinteizing the
wel di ng; (b) remying: ortion of the a ied material containing porosity
whi |l e naintaininé%kﬁgmﬂ%%?gﬁﬁﬁ?ﬁﬂ?(%ngﬁ% %Led environnment; and (c) repeating
steps (a) and) (rbyeatinig slepa()raad &bl nested didrikmndsthichhestlr dvdid bhithd-Up op thet he
applied material is_ achieved. 2. The nethod of claim1, further conprising
the step of supplaypkirg matenglds gphigyedas to the object during welding. 3. The
met hod of claim 2, wherein the shielding gas is selected fromat |east one
of argon, heliumand m xtures thereof. 4. The nethod of claim 3, wherein

t he shi2l di rithegasthod oficlain 30 furihet terepridingathg asrepastcsupplyingna shielding gas to the

object during welding.

3. The method of claim 2, wherein the shielding gas is selected from at least one of argon,

helium and mixtures thereof,

4, The method of claim 3, wherein the shielding gas is a 50:50 mixture of argon and helium

by volume.

5. The method of claim 1, further comprising the step of preheating the object to a

temperature in excess of 100 °C prior to step (a).

6. The method of claim 1, wherein the AC current gas-tungsten welding includes an

amperage ranging from about 170 amps to about 200 amps.
7. The method of claim 1, wherein the enclosed environment is an argon purging gas.

8. The method of claim 1, wherein the portion removed in step (b) is between about 25%

and 50% of each pass to remove porosity.



by volunme. 5. The nethod of claim11, further conprising the step of
preheating the object to a tenperature in excess of 100 C prior to step
(a). 6. The nethod of claim1, wherein the AC current gas-tungsten wel di ng

i ncl udes an anperage rangi ng fromabout 170 anps to about 200 anps. 7. The
met hod of claim 11, wherein the enclosed environnent is an argon purging gas.
8. The nethod of claim 11, wherein the portion renoved in step (b) is between
about 25% and 50% of each pass to renove porosity. 9 9. A porosity free
wel d of a predeternlned t hi ckness or wel d _build-up on an al um num object,

the wel? forhdarosyy freg)wedmfya prgdecrmived thigkness emweldpudldrun an an abpeinbed

i nert £ MYd 408 ng AC current gas-tungsten are welding; (b)
renovi %gj?a portfgon 't.b?{le applied material while nmaintaining the object in

the encl osdd) aipplynr(gwrmrate;riednd the pbjeetpiaatn aiglestd peert( gds @arvitoginpntusinigl AChe
predet erm ned thi ckness d-up is achieved. 10. The weld of claim

9, wherein the p(S’PF?IHrga? g’r?ﬁ?ltg?ialicﬁ”@‘%%% (b) is between about 25% and 50% of

each pass tQqby efpRin0oh Gottioh of he dfpficdGhdleddl WHiRt Hi'aglialﬁlﬁéttﬁ@robfé@m ki ng
the step of supplying a shielding gas to the object during welding. 12. The

wel d of cl ai m 11 englpsadesnpireteenttand| di ng gas is a 50: 50 mixture of ar gon and

hel i um by f.or |t free I

al um num Obj Ce)Jc fe %‘tlggpsﬁegagger rrdlmbgdmt{l hic ngests olflewe U ?rdw‘l'j%l, Qué%l r| >si ng:

(a) an AC currentachiagedt ungst en arc wel di ng appar at us for applying a materi al
to the object; (b) an enclosure for maintaining the object in an inert gas
envi ronnment during wel di ng;

10.  The weld of claim 9, wherein the portion removed in step (b) is between about 25% and

50% of each pass to remove porosity.

11.  The weld of claim 9, further comprising the step of supplying a shielding gas to the

object during welding.

12.  The weld of claim 11, wherein the shielding gas is a 50:50 mixture of argon and helium

by volume.

13. A system for forming a porosity free weld to an aluminum object to a predetermined
thickness or weld build-up, comprising:
(2) an AC current gas-tungsten arc welding apparatus for applying a material to the
object;
(b) an enclosure for maintaining the object in an inert gas environment during welding;
and
{(c) a material removal apparatus positioned within the enclosure for removing a portion
of the applied material containing porosity while the object is in the inert gas

environment,

14.  The system of claim 13, further comprising a source of a shielding gas for applying the
shielding gas to the object during welding.

10



and (c) a material renoval apparatus positioned within the enclosure for
renmoving a portion of the applied material containing porosity while the
object is in the inert gas environnment. 14. The system of claim 13, further
conprising a source of a shielding gas for applying the shielding gas to
the object during welding. 10 15. The system of claim 14, wherein the
shielding gas is selected fromat |east one of argon, heliumand m xtures

t hereof. 16. The systen1of clain115 wherein the shielding gas is a 50:50

m xture, of argon and heli vol une. 17. The ? ystem of claim 13, further
conpri sihg dheexsten of a}alrﬁriéhéf t’reWgth? Reieldingeast 1y sslssted iamm at lepstone PhargRess of

100 C plelifh arnﬂn)(lgﬂufgs@lgeredlfs The system of claim 13, wherein the AC current
gas-tungsten wel di ng apparatus uses an anperage rangi ng from about 170 anps

to about 200 anps. 19. The system of claim 13, wherein the i nert gas

oher o I ne, TRTReR 08 it 5B i DbigifeginE 2 g0m0imi3tas Shareontpiisugag

| ayer ofy¢dnen@pplied material. 11

17.  The system of claim 13, further comprising a heater for preheating the object to a

temperature in excess of 100 °C prior to welding.

18.  The system of claim 13, wherein the AC current gas-tungsten welding apparatus uses an

amperage ranging from about 170 amps to about 200 amps.

19.  The system of claim 13, wherein the inert gas environment comprises an argon purging

gas.

20.  The system of claim 14, wherein the material removal apparatus removes about 25% and

50% of each layer of the applied material.
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