METHOD FOR REPAI RING A HOLE IN A METALLI C WORKPI ECE
This invention relates to repair procedures, and nore
particularly, to repairing a hole in a netallic

wor kpi ece by wel di ng. BACKGROUND OF THE | NVENTI ON An
undesired hole may be forned in a netallic article
during fabrication or service. Such an undesired hole
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In another approach, the hole is welded shut, as for example by gas tungsten arc
welding of a hole in an aluminum alloy. Weld repair can lead to significant distortion
of the shape and dimensions of the article, particularly for thin sheets. Various types
of support fixtures and chill blocks are used to reduce the distortion, but such tooling
significantly increases the cost of the repair. Additionally, the quality of the
weldments in thin workpieces is suspect, so that the strength of the welded structure is
compromised. Most materials shrink when they solidify, leaving porosity in the
weldment. Gas bubbles in the weldment also produce porosity. The porosity reduces
the mechanical properties of the weldment and thence of the welded structure.

Another important disadvantage is that the quality of conventional weldments is




wel dnent. Gas bubbles in the wel dnent al so produce
porosity. The porosity reduces the nechanica
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suplp hea blind hole or a pit. The workpiece structure has a melting point less than a
melting point of the first confinement sheet, and the hole is overlaid by the first
confinement sheet and the first donor sheet. The stack further includes a plug of a
plug material in the hole, wherein the plug material has a melting point less than the
melting point of the first confinement sheet. The stack is locally heated at the hole
using an electrical current source to a temperature sufficiently high to locally melt the
first donor sheet and the plug material, and preferably the workpiece structure
adjacent to the hole, but not the first confinement sheet. The electrical current source
is preferably a pair of electrodes pressed against opposite sides of the stack, often with
a backing plate disposed between each respective electrode and the confinement

sheet. Thereafter, the stack is cooled to solidify all melted material and form a

weldment. Typically, excess material is removed from the weldment. -




using an electrical current source to a tenperature
~sufficiently high to locally nelt the first donor
sheet and the plug material, and preferably the
wor kpi ece structure adjacent to the hole, but not the
first confinement sheet. The electrical current source
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THusciala prefeoad epproacha a method for repairing a workpiece structure comprises

- preparing a stack comprising, in order, a first confinement sheet, a first donor sheet, a
workpiece structure having a hole therein, a plug of a plug material in the hole, a
second donor sheet, and a second confinement sheet. The first confinement sheet, the
first donor sheet, the second donor sheet, and the second confinement sheet cach
overlie the hole. The first confinement sheet and the second confinement sheet each
melt at a temperature greater than do the first donor sheet, the plug, and the second
donor sheet. The stack at the hole is thereafter heated using an electrical current
source to a temperature sufficiently high to locally melt the first donor sheet, the plug,
the second donor sheet, and the workpiece structure adjacent to the hole (but not

generally). The stack is thereafter cooled to solidify any melted material and form a




tenperature sufficiently high to nelt the first donor

sheet, the plug, and the second donor sheet, but not

the first confinenent sheet and the second confi nenent
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conjunction with the accompanying drawings, which illustrate, by way of example,
the principles of the invention. The scope of the invention is not, however, limited to

this preferred embodiment.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a preferred method for practicing an embodiment of the

“invention;

Figure 2 is a schematic elevational view of a single-sided stack applied to hole filling,

' prior to heating;




that there is excess weldnment material to be renoved.

I n many cases, defects such as porosity are renoved
with the excess weldnment material. The oversize

wel dnent al so ensures that a desirable mcrostructure
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is a schematic el evational view of the workpiece
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Figure 1 depicts a method for welding a workpiece structure 40. Figures 2-4 and 5-7

illustrate the structures associated with some embodiments of the method. Referring
to Figures 1 and 2, the method includes first preparing, step 20, a stack 42 comprising,
in order, a first confinement sheet 44, a first donor sheet 46, and the workpiece
structure 40 having a hole 52 therein. The first donor sheet 46 lies between the first
confinement sheet 44 and the workpiece structure 40. The first confinement sheet 44
and the first donor sheet 46 are on the same side of the workpiece structure 40. There
1s additionally a second confinement sheet 47 on the opposite side of the workpiece
structure 40 from the first confinement sheet 44, so that the workpiece structure 40
lies between the second confinement sheet 47 and the first donor sheet 46. This is a
“one-sided” configuration wherein there is just one donor sheet, the first donor sheet

46.

In the embodiments of Figures 2-4 and 5-7, the workpiece structure 40 is a single
workpiece sheet 50 having the hole 52 therethrough with a hole periphery 54. A plug
66 that initially fills the hole 52 is part of the stack 42.
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wel dnent material; and Figure 7 is a schematic

el evati onal view of the doubl e-sided stack of Figure

6, after renoval of the excess wel dnent material.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 depicts

a method for welding a workpiece structure 40. Figures
2-4 and 5-7 illustrate the structures associated with
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conﬁnement sheets 44 and 47 prevent the loss of matenal to the outside from the
donor sheets 46 and 64, from the plug 66, and from the workpiece structure 40 during

subsequent melting.

The stack 42 is locally heated, step 22 of Figure 1, at the location of the hole 52 to a
welding temperature sufficiently high to locally melt the first donor sheet 46 and the
second donor sheet 64 (where present), and the plug 66. The welding temperature is
preferably sufficiently high to melt the portions of the workpiece structure 40 that are
immediately adjacent to the hole periphery 54. The welding temperature is not
sufficiently high to melt the first confinement sheet 44 and the second confinement
sheet 47. The two confinement sheets 44 and 47 serve to confine the melted material
of the donor sheets 46 and 64, the plug 66, and the workpiece structure 40 while they

are molten.




In all cases, the confinenment sheets 44 and 47 and the
donor sheets 46 and 64 (where present) overlie the
hol e 52. That is, the confinenment sheets 44 and 47 and
the donor sheets 46 and 64 (where present) are in
registry over the hole 52 and extend |laterally sone
di stance beyond the hol e periphery 54. The workpi ece
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The stack 42 is thercafter cooled to solidify all melted material and form a solid
weldment 84 that fills what was previously the hole 52, step 24. The weldment 84
extends through the workpiece structure 40 and also outwardly from the faces of the
workpiece structure 40. The weldment 84 may extend outwardly on one side of the
workpiece structure 40, as in the embodiment of Figure 3 where there was a single
donor sheet 46, or on both sides of the workpiece structure 40, as in the embodiment
of Figure 6, where there were two donor sheets 46 and 64. The cooling may be
performed in a manner so as to control the solidification of the weldment 84 if
desired, but typically the cooling and solidification of the molten volume occurs very
rapidly, on the order of one second or less. Cooling may be accelerated by flooding

the stack 42 with water or other coolant at the conclusion of step 22.




t he workpi ece structure 40 are nelted only locally and
not generally. That is, they are preferably nelted
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weldmantn@i)ned atso Adws@oedsity ntoe imipiaee B'ﬂ)d) thtél é;dce@tpomormfsa drel 88
weldment 84 if desired, but typically the cooling and
for yhseAuePtMYAL of the mol ten vol ume occurs very

In one preferred embodiment, the workpiece structure 40, the donor sheets 46 and 64,
and the plug 66, where present, are made of an aluminum-base alloy such as alloy
6061 (although other aluminum alloys and non-aluminum alloys may be used as
well). The confinement sheets 44 and 47 are made of stainless steel or a high-
temperature alloy such as a nickel-base alloy. The backing plates 72 and 74 are made
of a low-carbon steel or a tool steel. In an exemplary situation, the workpiece
structure 40 is from about 0.04 inch (about 0.102 cm) to about 0.50 inch (about 1.27
cm) thick, the donor sheets 46 and 64 are each about 0.010 inch {(about 0.0254 c¢m) to
about 0.125 inch (about 0.318 cm) thick, the confinement sheets 44 and 47 are each
about 0.5 inch (about 1.27 cm) maximum thickness, and the backing plates 72 and 74

are each about 0.5 inch (about 1.27 cm) maximum thickness.




rapidly, on the order of one second or |ess. Cooling
may be accelerated by flooding the stack 42 with

wat er or other coolant at the conclusion of step 22. 7
After cooling, the stack 42 is disassenbled and the
non-wel ded portions are renoved. That is, the backing

Aigates 72 and 74, the confinenment sheets 44 and 47,
@fughh@ parfieriar teezﬂwémqnt o sheofnventiondaasdreen hb@qr@ed én slgtail for

o F |-t StLr
Erﬁ ?{S %@%&grl erg and %8&%%“0&%5@ poanf%%gﬁlitg )?%3 made
wBoyt ﬂe]:ﬁﬁﬁfge fion @e bhifit wal dEepd of 4;h§ hattentish €N ccordingly, the
laterally outwardly fromthe work ece structure 40

lnéfﬁréthmeﬁobwﬁémmdwww@ﬁbmthes%sn claimsoduci ng t he
finished wel ded structures shown in Figures 4 and 7.
The renoval step 26 may be acconplished by any
oper abl e approach, such as grinding or machining.
Al t hough the processing that utilizes the renoval step
26 adds to the cost of the welded structure, the
wel dnent 84 in the final welded structure is nore
sound and controlled than in the absence of the donor
sheets 46 and 64. During step 22, the nelted materia
fromthe donor sheets 46 and 64 flows into and ensures
filling of the volune at and adjacent to the hole 52.
I f the donor sheets 46 and 64 were not present, there
could be voids in, and irregular surfaces of, the
wel dnment 84, whi ch would reduce its strength. The
present approach of producing an oversize wel dnent and
renmovi ng the excess nmaterial mnimzes such voids and
irregul ar surfaces of the weldnment 84, and al so
allows porosity to mgrate into the excess portions 86
and 88 for subsequent renoval. In one preferred
enbodi ment, the workpi ece structure 40, the donor
sheets 46 and 64, and the plug 66, where present, are
made of an al um num base all oy such as alloy 6061
-(al though ot her alum num all oys and non-al um num
all oys nmay be used as well). The confinenment sheets
44 and 47 are nmade of stainless steel or a high-




tenperature all oy such as a nickel -base alloy. The
backing plates 72 and 74 are made of a | ow carbon
steel or a tool steel. In an exenplary situation, the
wor kpi ece  structure 40 is from about 0.04 inch (about
0.102 cn) to about 0.50 inch (about 1.27 cm thick,
t he donor sheets 46 and 64 are each about 0.010 inch
CLadM% 0.0254 cn) to about 0.125 inch (about 0.318
cm) thick, the confinenment sheets 44 and 47 are each
about 0.5 inch (about 1.27 cm maxi mum thi ckness, and
t he backing plates 72 and 74 are each about 0.5 inch
(about 1.27 cnm) maxi numthi ckness. Although a
1par t Aouéthed Eripephinmeayt wofkpidve sirmetemet caompririss the steps of
described in detail for purposes of illustration,
vari ous di fi cations and enhancenents may be nmade
pW%?St%?ﬁRW&gf%?@?rhe spirit and scope of the
i nvention. Accordingly, the invention is not to be
a fikstcbehcaxpeee@s by the appended clainms. CLAIMS 1. A
nmet hod for repairing a workpiece structure, conprising

- the steps, of reparing a stack conprisingJ i n_order
a firti donor shedti waResHt thenBet dogor plrest hapaomelinggroint less than a

. _m}éﬁglgﬁigﬂlthgfhefﬂrg%nﬁ%%}t§§"%§tapﬁas a nelting point |ess

ting pornt o I'rst confinenent sheet,
and a workpi ece structure having a hole therein,
a whekmese sthietune hirping aehalé thrrtiny ehimn the wedkpieng sprodtnte has a
| ess th a,nelti oint of the first confinenment .
msﬁlél&PP"?ﬂ ° e optpbgomof e, gstoci?@ﬁp%wﬁﬁ@ew"%ww?ln the
hA1O T dvREBRMNy tRE AR caiithchie8t dckSdnddRORLst 8RR Iheet Pl UG Of
a plug material in the hole, wherein the plug materi al

has a nmelting point |ess than the nelting Eoint of ]
a phg ¢f ¢ phugoetitiid dndhe helgewhereithiheadpg eratdrigt hpy § melting point
' Sj electrical
e R 286 othe BEENEALR! URef efalEl ) R gh ¢
locally nelt the first donor sheet and the plug
lonadtyelidatihg thetstaviitat tHechold udisg arc eleétrioglnmffentssvatic;to anenperature
t ft
- su Sgﬁﬁz higﬁ to locally melt the first donor sheet and the plug material but not the

first confinement sheet; and thereafter
cooling the stack to solidify all melted material and form a weldment.

2. The method of claim 1, wherein the step of preparing a stack includes the step

of providing a planar workpiece structure.

3. The method of claim 1 or 2, wherein the step of preparing includes the step of
providing the first donor sheet, the plug, and the workpiece structure as aluminum

alloys.
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cooling the stack to solidify all nelted material and
forma weldnent: 2. The nethod of claim1, wherein the
step of preparing a stack includes the step of

provi ding a planar workpi ece structure. 3. The nethod

of claiml or 2, wherein the step of preparing

includes the step of providing the first donor sheet,
% he dibggethnsotiamy ops ok resrreceding duigse whereln thaistenf preparing
: 4 . d of .t pr.acgdi .
i aRY e MRptor PRFIIRL PROAR)Y R B8, S 1. D 3CER bkipicoc
sgtapreak ther saviediwmgintnesloyr st donor sheet, the plug, and
the workpi ece structure as the sanme al um num al | oy.

5. T nmet.,hod .claiml1 .or 2, wherein the st of

pr epgﬁr‘ Hbetﬂ? c‘?fg’i"é@ ﬁwgié’fl?ﬁel’éfhe Sﬁ‘ﬂb?fﬁl IHFP?émtgH%‘ﬁgﬁlerséPe step of
fRAAh : ' S I

PRAMGG TCRE oler Bledd haDlhe, A5 RE SRHEAR SRR RE R same

~ alp¥cedi ng claims, wherein the step of preparing
i ncludes the step of providing the workpiece structure

havi [ f b .0. 04. i n b .
60 10 e et 3E 3ahb e R i, e 35 greparing

inthideo theoktepdf @RoddRE thd evdksiedbtienat dHalheg IVAREIRIESs bPFrom
f. 1 ocall heating includes the step of locally

t
alpsk DiOH G eHebastci0 aae) to Bowd) 39 ineh (abpaipe? Bmbir ¢

sufficiently high to locally nelt the workpiece

7St rugh t FE%r €,¢ i n egt. . 8.
nmet hgg gr% ﬂg)lr?yo on %r!} %ffﬁljgé %?%C%g%%ndgﬁglg’aﬂ}%é&mﬁ% rséel%nmtjﬁgauy
hetiep infludasctak|syep behiciling heatlpuitie sstdcheat sthe okf toph aghp@ature
el ectrode. on _eac i de of the stack so thaf the
sifipEndy bish S 1R HalloPe Moefietsodrocme hyicrokdiiniat pmfnerent
sieae of the preceding clains, including an additiona
step, after the step of cooling, of renoving excess

material fromthe wel dnent.
The method of any one of the preceding claims, wherein the step of locally

heating includes the step of placing an electrode on each side of the stack so that the

hole lies between the electrodes.

9. The method of any one of the preceding claims, including an additional step,

atier the step of cooling, of removing excess material from the weldment.

10.  The method of any one of the preceding claims, wherein the step of preparing

includes the step of preparing the stack comprising, in order,
the first confinement sheet,

- the first donor sheet, wherein the first donor sheet has a melting point less than the

first confinement sheet,

the workpiece structure having the hole therein, wherein the workpiece structure has

a melting point less than the confinement sheet,

the plug of plug material in the hole,

11




10. The nmethod of any one of the preceding cl ains,
wherein the step of preparing includes the step of
preparing the stack conprising, in order, the first
confinement sheet, the first donor sheet, wherein the
first donor sheet has a nelting point |less than the

first confinenment sheet, the workpiece structure
apgeandglonprshest whersy (GF secopA dpaershestdane melingqeint less than the

S HEE WS + Apfel ting point less than the
conpﬁnenentg&ﬁéetﬂethe plug of plug material in the
hol e, 11 a second donor sheet, wherein the second

adenord streatenivas slcehyevhdreig qhei setordessnfinhannt Heet has stmelting
confin nt and. a cond, confi nenment eet,
PRL BRI (i @’e 58%% Hon TP SteRE MOTigN es St gaIe, awiavﬁ s§ond donor
s]ﬁ)éé’t NhaeRathe firkthashinBSichi ﬂ&%t 4Rd ‘Pirfséscg)gﬁ% ?héeh &he second donor

kplece structure, and the secon sheet ,
Skmé reafl tha $veorid confincmpitishestenth eveeks thetink, fnd wherdiorthe step of

t he on sheet, and the second
k“%ﬁ¥ﬁﬁ%ﬁ§ﬁ?5§§%3@3§§%%{over|ie the hole, and wherein
the step of locally heating includes the step of

ldcaltp héatingehd stagk thBe Bbla ek aaémpdrehoh@hidientsy ti melt Whefirst
suff|C|entI hlgh to nelt the first donor sheet, the
donaggheetnth eﬂ’i{% thecscemdglongn daset, btipotribe firsh gonfinoment sheet

a@gﬂk%&ﬁﬁﬁQ%nﬁﬁﬁ&%iﬂﬁgg t he second confinenent sheet.
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