ALUM NUM VEELDI NG OF Al RCRAFT ENGA NE COVPONENTS BACKGROUND [ 0001] Hi gh
quality and defect free alum numwelds are of high interest in
various industrial applications. Superior alum numwelds are required
i n manuf actured products to ensure their proper function, service
life, safety and reliability as well as can provide val uabl e savi ngs
when repairing alum num conponents. [0002] Recently, concerns have
risen in the aircraft engine industry about the inherent defects in
al um num wel ds. These defects, such as porosity, inclusions and
cracks, may significantly affect the structural properties such as
tensile strength, toughness, and elongation of welds. There is also a
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initiation and propagation fromporosity shortly artér a component is
repaired. In order to avoid these discontinuities being left in
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[ 0004] Wl di ng of .alum num all Qys Is often acconpani ed by the

devel opAtie drnapdtianest-yeding Srigk inspection-i ng sol i dification of the

wel d dugpdea) r educgss-dstiRiakd w3k (GT A8V Etho P QRI&hat Flelts add joins metals
illustrates an exanple of weld porosity in an alumnumpart (Fig. 1
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Publ i shipghd tihe -arc? D02 IneltEHORIEY filler metal. The torch holding the tungsten electrode is

connected to a shielding 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 polarity of the tungsten electrode and base metal. Both direct
current (DC) and alternating cuirent (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).

[000G4] 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
nmeans that the anmount of porosity will increase with increasing
wel di ng speed (travel speed of the torch). An alloy conposition such
as, but not limted to, a composition including nmagnesi um may al so

i nfluence the anmount of porosity by changing the solubility of
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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 uwpward 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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to a predeterm ned thickness has been devel oped. The area of a

cl eaned and scraped object to be welded is enclosed in a wel ding box.
The box is sealed and purged with an inert gas such as argon. Renoval
of surface layers and cleaning the weld wire prior to insertion of
the wire into the argon filled welding box may be perforned. The
object is then preheated to a tenperature in excess of 100 C. One
pass of weld bead is forned using a gas-tungsten arc wel di ng
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layers may be built. The process steps of preheating, formation of a weld bead and top portion
removzal 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
[0069] 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.



[0014] FIG 6 shows a photograph of exenplary weld build-up sanple

Wi th inproved porosity. 100151FIG 7 shows nore photographs of

exenpl ary weld build-up sanple with i nproved porosity. DETAILED
DESCRI PTI ON [ 0016] An exenpl ary wel di ng process and systemis shown in
the bl ock diagramof Fig. 2. In step 11, an alum num object to be

wel ded is inserted into a welding box after the object has been
scraped, cleaned and prepared for welding. Pre-weld cleaning of the

par ent of t bject facilitates achieving.|low |evels of .

Por 001 t YRl pr evillk PRYCES | SIS SO RORAT PP RIS 5 fpproved
eﬁenplaEMxmﬁid box 41 has two or nore glove |ike openings that allow
the worker to performtasks such_as wel di i nsi de the hox 41 under, _ a
seal ed dWF onnenkIC- ﬂméﬁm B PhaPerspls ngef‘%{ml?lé’ai"%‘g ??I%Pca Darith
for exanppRvedpiflosk9al ed with duct tape. The whol e inner surface of
the box nay be covered by protective tape as well. [0017] Once the
object is inside weld box 41, step 13 purges the inside of the
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[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 facilifate preventing any contaminants from contacting the aluminum
metal object 51 being welded, a weld wire or an electrode.

i0018] 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]1 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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as a weld wire 53 is nelted by nmeans of electric arc established

bet ween a tungsten el ectrode 54 and the object 51 to forma first
pass wel d bead 55. Once the weld 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 located inside weld box 41 as shown in Fig.
4B. The wel ded object 51 is examned to determne if the welding is
done to industry standards. If it is satisfactory, the object 51 is
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[ 0024] The gases used in the gas-shielded processes can also be a

noi sture source, which may be overl ooked. Ideally, gases wth a dew
point of less than-50 C (39 ppmwater) should be used to facilitate
ensuring that when gases are delivered to the weld pool they have
mai nt ai ned this high degree of purity. Therefore, the gas supply
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wel di ng and Inhibits the sensitrvity to hot cracking. However,

por osi t ymiaHertdirenesgr dor mivenvethage pidepomited weldiectali barear dirmetass are also G#SW to
cont am nafiy 3{]&; usififlg. Iii@.ré(}ef; UGS tﬂXtOEfm&ga%Fk t"hQ%EatCr ufe&[eﬁi‘ﬂ%g&ﬁsthé{&uﬁé%le
mmin size due to”it érease In solubiTity n arum num

sol i di f ifcathe (pﬂl’entTIhEtﬁleS@ be avméede%eﬁplﬂaﬁwplmtehwsnmwddesmé MBIOW the filler

faC|I|tate elim r.minim urces of

|0 or dervifeyach ey et Rl B Pl SR iR YRR SO LIRS
exenpl arayd erRhsbdngithelihofiedisioft sotkedhe aRsper Af@niangppihe wareGFA\itnetiately
alternate curyrent to de sufficient heati as wel | odi,c
C1 eani ndrsred b e PRl RRE EproGo PR e dRe ekt feh QoS BE Sieqr rop
i nch wagldissad it sBeME mdl b LA WifIS bard ARRIsY AGldat @Bt of @ldved ginlddmsused and
conposi tion and flow rates, weldi ng atnosphere) and their influence
on the weld purity were observed. The paraneters taken into account
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[ 0029] After those experinents, several cutouts fromfan exit outer
case conponents were used to prepare one-pass weld sanples. After

wel ding, the welds were X-ray inspected. Evaluation of welds, using
an optical mcroscope, was ained at observation of the presence and
distribution of porosity within the weld. Exanples of m crographs
showi ng actual weld sanples with and without porosity are shown in
Figs. SA and 5B. [0030] From the experimental results obtained, it was

f ound t hat hi arc .curr.en from,17Q to 200. a

hel i um d%f‘*i fgﬁoﬂd&ﬁ priiergef ¢ f&w%ﬁ% H%Oéalgam%&; “BB%WFWN’E‘F Meﬁ%o%be
qual i ty fed inwethéladifg é@%@Et}@fweﬂgfdéﬁhﬁd}ke@ﬂ'\ﬁittﬁlﬂﬂﬂe@ﬁleldﬂg%@thelﬂ&bm&san
argon atnpsphere to facilitat redﬁg I ng the porosi t%%éh[00311The next

set of d¥&Hi nent X the®eldaes IipisHuRteh i emereaipnt FydeSchabenidbs ingpepipd ard

the fan c@z‘irécitedoxld’éh@f th%ﬁl%ﬁ:ldﬁ\@é bver fhe®€ Tot Sthne, hﬂ%rmkdckmgldmh%s;@l bi¥,
removed fromthe wall wel d built up back to di nensional

requi r ersBopidbe mﬁ@lawlb’rlﬁmwa%i W&%&%ﬁa@h@m&éwﬂ Bpfirroparaty thepy deeesyy
of how twexaﬁg%rtp%sww Qﬁ@@bsgrw%a Eﬁr@aﬁ! t@é parbﬁtybﬁﬁsl p’i%?'tdj\l.rél&ﬁé &rpamp@ef

wel ding with regards to the geonetry of e pareént netal ). Fig.
a phot ogeph ader phBomal sackhpesh is ielyle |cant@amptosxmp Taeiskore, 4 tap eprion ahoazld
top edgge & én?c “?'i’én&%d fah@%ﬁ%@fnaﬂﬁ.?zl%?bﬁl& be %Esh&lgr ian]%cté’a E?&ydefects The

I nspect I on. Mor e exper| ment on a fan exit 1nner
desi gnam@ﬁiohaﬁm@@del’r ehoub A% pod oS eondrrast Saqyid Wnpirm@aar@t memmndi:d for

sanpl e Hg@%n&?ﬁegp{ﬂl}!@&ﬁ&l bebaitl %&gﬁﬁ%{iﬂ i?eaéngrsppgﬁ% 3% eicﬁsu'rﬂ@efqlﬁ Péhdels

be wel de e part 1nth
arrow pobwrsoficontahmnatiet trithe sEbsgquent weldphssg this tri aI vvel di ng was

R T R L
pr oduc edvaiEd dE@rtblest kuperinkpatsex @) | zhnyinure tal oyl 9aa sedlectod tl@pewitiac fill et witre of
N T T e
r ef er encentest ie fengilogiviproves fluidity during welding and inhibits the sensmvﬂy to hot cracking.
However, the porosity in the aluminum welds is due fo the different sources of contamination,
The 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 mixfure 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



enbodi ments, workers skilled in the art will recognize that changes
may be made in formand detail w thout departing fromthe spirit and
scope of the invention. CLAIMS: 1.A nmethod of applying a
substantially porosity free weld to an al um num obj ect, conpri sing
the steps of: (a) applying a material to the object in an encl osed
envi ronment using AC current gas-tungsten arc welding; (b) renoving a
portion of the applied material containing porosity while naintaining

the object . .in the encl os nvi nt d eatln

and (b) CEHETROBOEPEELY ONAhCE T CRAEEES Shmisiete oA BRL FHG sthles
appl i ed wint88 withoutporeity @%eﬂbwr&nm sebmpsB.of claim1, further
conprising the step of supplying a shielding gas to the opbj ect during

wel di ng.[0B%me netRBatsrexprraportad respife cafametni Ve fernd Hgt §iger ae current,
sel ect edafgidMrah 176381200NESf and@ftm $1€lHuAbR R Hedhii@sy LRSS hositive

effects on quality of welds in terms of porosity and fusion. Also, using an argon atmosphere to
facilitated reducing the porosity.

[0031] The next set of experiments included producing the multipass-weld build up of
the fan exit outer case wall. A section of the wall was mechanically removed from the wall and
weld built up back to dimensional requirements. The effort was focused on the development of a
strategy of how to stack the weld beads (position of the bead and direction of welding with
regards to the geomeiry of the parent metal). 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.

[0032] More experiments on a fan exit inner case designated for development purposes
were used to prepare the weld sample that was physically and geometrically similar 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 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 systemns 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.



4. The nethod of claim 3, wherein the shielding gas is a 50:50 m xture
of argon and helium by volunme. 5.The nethod of claim1, 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 ding includes an anperage ranging from
about 170 anps to about 200 anps. 7.The method of claim 1, wherein
the encl osed environnent is an argon purging gas. S.The nethod of
claim1l, L\fﬂﬁ in the portion renoved in step (b) is between about 25%
and 50% 0t "each pass to renove porosity. 9.A porosity free weld of a
pr edet erlm ned tdeihok nefS sppdyingved dulistaidiadlyuporosityafrealwedd neinmolp@adun dhject,
wel d formed.bly: .
comprising the steps of:
(a) applying a material to the object in an enclosed environment using AC current gas-
tungsten arc welding;
(b) removing a portion of the applied material containing porosity while maintaining the
object in the enclosed environment; and
{c) repeating steps (a) and (b) until a predetermined thickness or weld build-up of the

applied material is achieved.

2, The method of claim 1, further comprising the step of supplying a shielding gas to the

cbject during welding.

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

helinum and mixtures thereof.

4, The method of ¢laim 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.



(a) applying a material to the object in an enclosed inert gas

envi ronment using AC current gas-tungsten arc welding; (b) renoving a
portion of the applied material while maintaining the object in the
encl osed environnent; and (c) repeating steps (a) and (b) until the
predet erm ned thickness or -wedl build-up is achieved. 10.The weld of
claim9, wherein the portion renoved in step (b) is between about 25%
and 50% of each pass to renove porosity 11. The weld of claim?9,

further ,conprising t p of s shi el di s toth .
obj ect duri nf} Wﬁ?%@ Gm‘% m%@%gﬁﬁwqu GTﬁWTWﬂBq@ﬁa“PH@*@hﬁ@?ﬁ?ﬁg
gas is abﬁ&-&ﬁ“mkkbuﬁ@ﬂ@ﬁ argon and helium by volunme. 13. A systemfor

form ng a poros free we tq an.alym num object to a predetenni ned
t hi ckngss gr ﬂaef" Heg Fd“fi}i?a?é% r‘;{’é‘fcﬁﬁl an &‘)“’ '%?r‘iJl HRSIC8Rs eapironment using AC

gas-tungsten arc selsli agnaphal at weldigf applying a material to the

obj ect; (b) removing a portion of the applied material while maintaining the object in the
enclosed environment; and

{(c)} repeating steps (a) and (b) until the predetermined thickness or wedl build-up is

achieved.

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:
(a) 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.
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(b) an enclosure for maintaining the object in an inert gas
environment during welding; and (c) a material renoval apparatus
positioned within the enclosure for renoving a portion of the applied
material containing porosity while the object is in the inert gas
environment. 14. The system of claim 13, further conprising a source
of a shielding gas for applying the shielding gas to the object
during wel di ng. 15. The system of claim 14, wherein the shielding
gas is | ec . S i ] j S
Pher cof 1 16 Tipe Bt oR bR AL «RAA0P a0 B bRt amon
50: 50 miheliem endhixargotheraold hel i um by vol ume. 17. The system of claim
13, further conprising a heater for preheating the object to a
tenperature in excess of 100 C prior to welding. 18. The system of
cl ai m 135. wh&hesysteirhef chind 6y wiesntin gashicldigshe s afidl 5bimigtuagpgfargnuad hdmm
an anperage rangi ng fromabout 170 anps to about 200 anps. 19. The
systen1$? 8P§Fh113, wherein the inert gas environnment conprises an
argon purging gas. 20. The systemof claim 14, wherein the nmateri al
0, 0,
;gg}) :/le lﬁgf Zﬁfﬁ%rsl)sfstén? nc}%vc?zgmapf utlurtge?' /é)ogl%gsgg é) l%fatele' grhpzleﬁég%gig (%lfle Eﬁ}:}gct 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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