METHOD FOR REPAIRING A HOLE IN A METALLIC WORKPIECE This
invention relates to repair procedures, and more particularly, to repairing a
hole in a metallic workpiece by welding. BACKGROUND OF THE
INVENTION An undesired hole may be formed in a metallic article during
fabrication or service. Such an undesired hole is most common in
relatively thin sheets of the metallic material. For example, during
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great, and the hole may be repaired. In one common approach, the hole

is patched with a sheet of a material attached, as by welding, overlying
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the hole and leaves a stress concentration having an increased
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aluminum alloy. Weld repair can lead to significant distortion of the shape
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tooling significantly increases the cost of the repair. Additionally, the
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when they solidify, leaving porosity in the weldment. Gas bubbles in the
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hole may be repaired. In one common approach, the hole is patched with a sheet of a
material attached, as by welding, overlying the hole. This patch thickens the sheet
and alters its aerodynamic properties, and also results in reduced strength in the
neighborhood of the hole and leaves a stress concentration having an increased

propensity for premature failure.

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



the mechanical properties of the weldment and thence of the welded
structure. Another important disadvantage is that the quality of
conventional weldments is 1 highly dependent upon the skill of the welder
or the setup of an automatic welding machine, so that there may be
inconsistency from weld to weld. There is a need for an improved
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related advantages. SUMMARY OF THE INVENTION The present

invention provides a method for repairing a hole in a workpiece that .
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cﬁ%fﬂ?.sThe excess volume is removed after solidification
of the weldment. One aspect of the present invention provides a method

SUNMMARIR i fitfy Tariw dNBFdEE OMructure, comprising the steps of: preparing a
stack comprising, in order, a first confinement sheet, a first donor sheet,
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of the first confinement sheet, and a workpiece structure having a hole
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overlaid by the first confinement sheet and the first donor sheet, a plug of
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remessdiaaribeigmitnensi Mol Eenisat. confinement sheet, thereafter locally
heating the stack at the hole using an electrical current source to a

temperature sufficiently high to locally melt the first donor sheet and the
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strubitrstagdnigrispidihealigpsited rpRIgAMANY LIER A WRIFIRE  in order, a first
confinement sheet, a first donor sheet, wherein the first donor sheet has a melting point
less than a melting point of the first confinement sheet, and a workpiece structure
having a hole therein, wherein the workpiece structure has a meiting point less than a
_ melting point of the first confinement sheet, and wherein the hole is overlaid by the first
confinement sheet and the first donor sheet, 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, thereafter locally heating the stack at the hole using an electrical
current source to a temperature sufficiently high to locally melf 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 Any operable materials may be used. Preferably, the first donor sheet,
the plug, and the workpiece structure are metallic and are the same metal
or the same alloy. In a case of interest, the first donor sheet, the plug, and
the workpiece structure are aluminum-base alloys, preferably the same
aluminum-base alloy. The stack may further include a symmetrically
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a temperature sufficiently high to melt the first donor sheet, the plug, and the second

donor sheet, but not the first confinement sheet and the second confinement sheet,

An alternate aspect of the present invention provides a method for repairing a
workpiece structure, comprising the steps of 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, wherein the first confinement sheet, the first donor sheet, the second donor
sheet, and the second confinement sheet each overlie the hole, and wherein 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; thereafter
locally heating the stack at the hole using an electrical current source to a temperature
sufficiently high 1o locally melt the first donor sheet, the plug, the second donor sheet,
and the workpiece structure; and thereafter cooling the stack to solidify any melted
material and form a weldment.



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; thereafter locally heating the stack at the hole 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; and thereafter cooling the stack to solidify any melted

material and form a weldment. 3 The present approach provides a
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preferred
Other features and advantages of the present invention will be apparent from the

following more detailed description of the preferred embodiment, taken in 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;



embodiment. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1is 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; 4 Figure 3 is a schematic
elevational view of the workpiece structure portion of Figure 2, after
heating and cooling and stack disassembly, and prior to removal of the
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workpiece structure portion of Figure Efter removal of the excess
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wellpublesidedastack applied to hole filling, prior to heating; Figure 6 is a
schematic elevational view of the double-sided stack of Figure 5 after
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weldment material. DETAILED DESCRIPTION OF THE INVENTION
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and 5-7 illustrate the structures associated with some embodlments
filohghprinethbdatRegerring to Figures 1 and 2, the method includes first
preparing, step 20, a stack 42 comprising, in order, a first confinement
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52 therein. The first donor sheet 46 lies between the first

hepiipgintitheitodigerad SReindisikpiRe SitcRY 40, THRONRL of the cxcess
wdaniinemaatisheat44

Figure 7 is a schematic elevational view of the double-sided stack of Figure 6, after

removal of the excess weldment material.
DETAILED DESCRIPTION OF THE INVENTION

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
is 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.

5



and the first donor sheet 46 are on the same side of the workpiece
structure 40. There is 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
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workpiece structure 40 is an aluminum alloy such as alloy 6061. The
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and 64 (where present), of the melting point of theplug 66, and of thé
typisieihy sbinenf hebwdikpissestroeitel 46 The workpiece structure 40.  The

confinement sheets 44 and 47 are made of a material with a melting point greater than
the melting points of the donor sheets 46 and 64 (where present), of the melting point
of the plug 66, and of the melting point of the workpiece structure 40. The
confinement sheets 44 and 47 prevent the loss of material 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
sutficiently 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.



confinement sheets 44 and 47 prevent the loss of material 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
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During the heating step 22, the melted portions fuse together and intermix. In the
hole repair of Figures 2-4 and 5-7, the plug 66 mielts and mixes with the melted
material of the donor sheets 46 and 64 (if present) and the adjacent portions of the

workpiece structure 40.

The stack 42 is thereafter 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.



During the heating step 22, the melted portions fuse together and intermix.
In the hole repair of Figures 2-4 and 5-7, the plug 66 melts and mixes
with the melted material of the donor sheets 46 and 64 (if present) and
the adjacent portions of the workpiece structure 40. The stack 42 is
thereafter 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
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faces of the workpiece structure 40, The weldment 84 may extend
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the donor sheets 46 and 64 are separated. The result is structures such
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structure 40 are then preferably removed, step 26, producing the finished
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Although the processing that utilizes the removal step 26 adds to the cost

volgfapet wsldeiheenidrures indowaidihéng daner Hediadovalted srirngieigsent,
thef@oégu?@%édv%?gs in, and irregular surfaces of, the weldment 84, which would

reduce its strength. The present approach of producing an oversize weldment and
removing the excess material minimizes such voids and irregular surfaces of the
weldment 84, and also allows porosity to migrate into the excess portions 86 and 88

for subsequent removal.

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 cm) 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 em) maximum thickness, and the backing plates 72 and 74

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



controlled than in the absence of the donor sheets 46 and 64. During step
22, the melted material from the donor sheets 46 and 64 flows into and
ensures filling of the volume at and adjacent to the hole 52. If the donor
sheets 46 and 64 were not present, there could be voids in, and irregular
surfaces of, the weldment 84, which would reduce its strength. The
present approach of producing an oversize weldment and removing the
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weldment 84, and also allows porosity to migrate into the excess portions
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~where present, are made of an alumjnum-base alloy such as alloy 6061
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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 cm) 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. 8
Although a particular embodiment of the invention has been described in
detail for purposes of illustration, various modifications and
enhancements may be made without departing from the spirit and scope
of the invention. Accordingly, the invention is not to be limited except as
by the appended claims. 9 What is claimed is:



1. A method for repairing a workpiece structure, comprising the steps of:
preparing a stack comprising, in order, a first confinement sheet, a first
donor sheet, wherein the first donor sheet has a melting point less than a
melting point of the first confinement sheet, and a workpiece structure
having a hole therein, wherein the workpiece structure has a melting point
less than a melting point of the first confinement sheet, and wherein the
hole is overlaid by the first confinement sheet and the first donor sheet, a
Whﬁfd@?%'ﬁ‘ﬁﬂj'azmaterial in the hole, wherein the plug material has a
melting point less than the melting point of the first confinement sheet,
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thereafter edotineptifioastack sbestlidify all melted material and form a
weldment. 2rEhednstBReLof i thREe e SHRRIGIRIeRAEINEBIACKss

inclydes the step of providing a planar workpiece structure. 3. The
meti50 B LRMRE PAIhEHTR the SRR ISRLSRSG Afdudes the step of
providing thavfirkpidomosisitet thevplags dmlehibeverkpder @t ubrire@kpiece
f"‘lUl@iﬂd&?rr]él|ﬁ’%(§-¥rgﬂ£ﬁﬁd’3§%@ie@%ﬁl?{d'mé—n’ﬁéﬁﬁ@i{fbtm@o?r%eréd{r‘t?:rgﬁﬁment
includes, the step of providing, the first donor sheet, the plug, and the _
worREROE BB OB B Co By o R L B T el
1, whnesisieet.step of preparing includes the step of providing the first
_?_?]nor S?he%’ﬂl?gl ngipﬁurtﬁa t‘iﬁlﬁéﬂﬁl}”ﬂﬁ’i‘t@@ %HFM%%_IH\% %ﬂu’@etrﬁ"i‘él@‘iaﬁh?s a
e method of ¢laim 1, wherein.the ste reparing.includes the step o
ool R SR, 5 RS UL A R 6P IR 56 crgaprer
incHoealh eE0rR0 tnetsiatkT he thiethold okitlaianl eletidreindlreestepoofce to a
terr|P&@HY-BRBHRE MG UIRS SNE-aIS R8st 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 pianar workpiece structure.

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

4. The method of claim 1, wherein the step of preparing includes the step of providing

the first donor sheet, the plug, and the workpiece structure as the same aluminum alloy.

5. The method of claim 1, wherein the step of preparing includes the step of providing
the first donor sheet, the plug, and the workpiece structure as the same alloy.

6. The method of claim 1, wherein the step of preparing includes the step of providing
the workpiece struciure having a thickness of from about .04 inch to about 0.50 inch.

7. The method of claim 1, wherein the step of locally heating includes the step of locally
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10 heating the stack at the hole to a temperature sufficiently high to locally
melt the workpiece structure but not the first confinement sheet. 8. The
method of claim 1, 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 claim 1, including an additional
step, after the step of cooling, of removing excess material from the

Id 1 d of claim 1, wherein the step of
realR,0 B 2h BF p1EBaling (1 CBlEI ormIEe et IREThegmet e

wolkpitfhsatineritsheet Nt éhfirtst onifinsiheset, sbiretein the first donor sheet has
a melting point less than the first confinement sheet, the workpiece

truct ayin le therein, whe e|n waorkpiece structure has a
5. SRR B LD e LA S AT SR B Yo P e ALPIFETS

an girciede, o sechrvifid oh restteek, sniieatinethels dico e tderotishelectiades.
melting point less than the first confinement sheet, and a second

onflneme h et, wherein the sec Ejjcon meme sheet has a meltjn
o JF i5Eatel hi rﬂ]\’i fﬁ%‘f&édoﬂ%raghgg RS @rﬁ? StFcRiFe 3%80%%% of
remmwammet%@,mﬁe&m@imst confinement sheet, the first donor
sheet, the second donor sheet, and the second confinement sheet each

erlle wherein the step. of locally he includes the step
10 AR IR Tt LR Al e RO B BRI BRAR Rl igh o
melPWﬁm@@mﬁ@Mmh@q;l@g?fdﬁd the second donor sheet, but not
the first copinparepimhestangdbe second confinement sheet.

the first donor sheet, wherein the first donor sheet has a meltmg point
less than the first confinement sheet,

‘the workpiece structure having the hole therein, wherein the workpiece
structure has a melling point less than the confinement sheet,

the plug of plug material in the hole,

a second donor sheet, wherein the second donor sheet has a melting
point less than the first confinement sheet, and

a second confinement sheet, wherein the second confinement sheet has
a melting point greater than the first donor sheet, the workpiece structure, and
the second donor sheet, wherein the first confinement sheet, the first donor
sheet, the second donor sheet, and the second confinement shest each overlie
the hole, and

wherein the step of locally heating includes the step of locally heating the
stack at the hole to a temperature sufficiently high to melt the first donor sheet,
the plug, and the second donor sheet, but not the first confinement sheet and the
second confinement sheet.

11. A method for repairing a workpiece structure, comprising the steps of
preparing a stack comprising, in order,

a first confinement sheet,

a first donor sheet,

a workpiece structure having a hole therein,

11



11. A method for repairing a workpiece structure, comprising the steps of
preparing a stack comprising, in order, a first confinement sheet, a first
donor sheet, a workpiece structure having a hole therein, 11 a plug of a
plug material in the hole, a second donor sheet, and a second
confinement sheet, wherein the first confinement sheet, the first donor
sheet, the second donor sheet, and the second confinement sheet each
overlie the hole, and wherein the first confinement sheet and the second

confinemeR st BRI Maierat teeiiRi®ature greater than do the first
donor sheets¢gaerplugnansht®d sedond donor sheet; thereafter locally

heating the, §%@EH&§M‘%M%‘H&F” electrical current source to a
temperature sufficien tlﬁ high t({ locally melt the first donor sheet, the plug

the seconti &SRB BRI tRE IR SREE: 6 itk 8Hﬁtﬁ@?85ff‘@? setond
coolingatheisteickatadstidibeeomg neetttemere riglesh cbformoaenie dime titold 2 and

Themmmﬁqh%ffﬁ@'%Af%ewﬁﬁf%%m%ﬁaqa&égéme&%mﬁkéﬂ@!ée%%éh melt
the stepo rovidin r%e&a[%lanar workpiece structure. 13. The method of

claifft STCTRRAGIESEED BRRADAFHThORRRShRE 155 SlugraUriRG tReond

firstcdoosstatethehsafibng, and the workpiece structure as the same
aluminum gligy, i’xéatmbetﬁﬂ%eg QhRLRHD dsit %Fﬁé’bﬁi'ﬁé %@é&f&%@% a

includes the ste providing the first donor sheet, the p u%
wor%@éag‘ffﬁc%&cﬁ’é'%é’@grﬁ% §%q%v melt the first donor sheet, the plug the

second donor sheet, and the workpiece structure; and thereafter
cooling the stack to solidify any melted material and form a weldment.

12. The method of claim 11, wherein the step of preparing a stack includes the
step of providing a planar workpiece structure,

13. The method of claim 11, wherein the step of preparing includes the step of
providing the first donor sheet, the plug, and the workpiece structure as the same
aluminum alioy.

14, The method of claim 11, wherein the step of preparing includes the step of
providing the first donor sheet, the plug, and the workpiece structure as the same

alloy.

15. The method of claim 11, wherein the step of preparing includ'es the step of
providing the workpiece structure having a thickness of from about 0.04 inch to
about 0.50 inch.

16. The method of claim 11, including an additional step, after the step of cooling,
of removing excess material from the weldment.

17. The method of claim 11, 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.
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15. The method of claim 11, wherein the step of preparing includes the
step of providing the workpiece structure having a thickness of from about
0.04 inch to about 0.50 inch. 16. The method of claim 11, including an
additional step, after the step of cooling, of removing excess material
from the weldment. 17. The method of claim 11, wherein the step of
locally heating includes the step of placing an electrode on each side of

thersiast BOFON e MRIRIRE DR IeANE the R1agiades 1 MBGEEIR
REPAIRING A HOLE IN A METALLIC WORKPIECE ABSTRACT OF

C orkpl structure (40) having a hole (52) therein
ABE%E&#@%%&E@%@E?@Z) having a first confinement sheet
(44), a first donor sheet (46), a workpiece structure (40) having a hole
A Wwriphemitruaptad46bhofiagpiugindteidhinecihahaleai (6@ ) optipaalhe a stack
cond doner hee and,a se d cop fine ent s The first
T o B B 0 o e
stryédye &HY ﬁhwmad@kofﬁﬁ)e&hmmhegh@@@acﬁ opériionthehalen329. hole
he first f n e d B n meme 7)
G2 S A 0 AE £SO eEE Bt e
firsplep{@8)nandstivetsetbnthal rdrdshosts(B4). (Fhi shacle¢dr) @dmmaﬂlyeet (64)

o [SESAIE SRS Pl BB Ssef0 KT
COIB’Etsm@"ld@h@mslﬁé@l (ﬁﬂ:) ﬁm&t@wbrmé@:@mﬂmctiheemm?ﬁmlstmﬂt at a
tend g%éﬁr@%f L%egh%ﬂolﬁdth% %8%9'&)6%& @%E?qtf@fitﬁ{é%ﬁl&%d(é% MR4 the second

men
donor sheet (64) The stack (42) is locally heated at the hole (52) using an electrical

current source to a temperature sufficiently high to locally melt the first donor sheet
(46), the plug (66), the second donor sheet (64), and the workpiece structure (40).
The stack (42) is thereafter cooled to solidify all melted material and form a weldment

(84).

Fig. 1
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