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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aluminum alloy. Weld repair can lead to significant distortion of the shape
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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



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 approach to the repair of holes in metallic
articles, particularly thin sheet articles. The present invention fulfills this
~need, and further provides related advantages. SUMMARY OF THE
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produces improved weld quality by providing a reservoir of additional filler
metal as well as an excess volume outside of the final weldment for
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a first donor sheet, wherein the first donor sheet has a melting point less
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structure having a hole therein, wherein the workpiece structure has a
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of thffinal aveldinenit ' R YDg AR RERTHdadEI ReribhidReSHs s velkIe is

rembestirstdossligairaaband tibevplggdnaterial 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
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heet, h% lug, and the workpiece structure are aluminum-base alloys,
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lesss{rametricaliyglacied dbtsr Srstetcnfidevefinensent 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.



sheet on the other side of the workpiece structure, so that the final
weldment is symmetrical in the through-thickness direction relative to the
workpiece structure. In this case, the stack comprises, in order, the first
confinement sheet, the first donor sheet, wherein the first donor sheet has
a melting pomt less than the first confinement sheet, the workpiece

AnyspoRiaPiS HEIIREARETRY GSreth RinferahiviHesviikpieser sheetulerrlym and
the MBHRGEL G IRAFENAB hBisRBTHIRMPELABaRI-haRIYO T RLIgIRRIGHIB). Ik 2

the hole, a second donor sheet, wherein the second donor sheet has a

cast@tifeprsint Re SbSRerTiPEEEb niIve ikt dRbethantoskeiassnatructure are
alusRRfinaspenbebrehvessip ttBasacodrernfinemeislieet has a melting

pomt greater than the first donor sheet, the workpiece structure, and the

1d donor sheet The first confinement sheet the first donor she
T SR TS ST (O PN oot Sheh St

shetéted!rolmelmm@r stiefe affldcallydregiting, shedctask & theihele isdacalbidment is
e ratu ufficientl melt the first donor sh et, the

B iR Eh e e st

thistlmamdaedstamﬂnmmrsbsheebréérait&frfaie caffeciroéthewesant first donor

vention provi met od r repairing a workpiece stryc
ol A BT U s 2 MANBSSR AN cpgremen
sheednfime menmksibeet sirdicsird ohavishetkie a!wierhmemwstmbauem h&éhangrerkpiece
hole therein erlall the h donor sheet
sta’uggu e nas a maltzﬁ omt?eg tgh T’E?% ?H r# ?hl@eW?heéiaE

A Second nement ereln
in theshdenar she@udth!ermcsimetjmraheee aadothm mnsheenﬂnaenaenieitmg

ach verlie the.hole, and w ere| the first ,confinement sheet a
po’%e second@oﬁ n?e%%)gfr]l?%nhlgg sg&c ‘meft ata grrhjperaﬁﬁreema%g &rth harE%fS'n

thetherfirst donforesterdtstivetpiag ,cameitivg sedoingr elateotisire e theteddter sheet,
the'&‘&ﬂll%/&%a&?&% Se%%;tlﬁélg%% c!e usm% {aﬁf l?f’l;\mFalth%rrg né:%%H a%e'eta’the

temperature sufficient oce{m/m ISt Gonor Sheet 1
firsttivorserceimeeti dher sivest dxm@rtr@mnqmédbesuamxtmnﬁhﬂmeeaﬁeeet each

ovef olinonbie sippletes 'aﬁi'ie@%gg@s%fg (AL “& Cﬁm e e'd d to

e present approac provi aco enlen con rolie |que or
a tempaiahye thefffaiotin ehvorkpicte émﬂoﬁormrﬁheaiotﬁmem@mMIMSsecond

don%?%&‘?, WY hBﬁﬁg 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.



structure flat or in an other predetermined shape during and after the
welding process, preventing distortion of the workpiece structure. The
confinement sheets also have electrical resistance, adding to the heat
available for welding by their resistance to the electrical current flow.
Consequently, larger amounts of weld repair may be performed on the
workpiece structure than possible with conventional techniques such as
gas tungsten arc welding. The filler metal is provided by the donor
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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;



Figure 5 is a schematic elevational view of a double-sided stack applied to
hole filling, prior to heating; Figure 6 is a schematic elevational view of the
double-sided stack of Figure 5, after heating and cooling and stack
disassembly, and prior to removal of the excess weldment material; and
Figure 7 is a schematic elevational view of the double-sided stack of
Figure 6, after removal of the excess weldment material. DETAILED
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Structure 40 from the first confinement sheet 44, so that the workpiece
filsngiarties WohdrsIBetween the second confinement sheet 47 and the first
donor sheet 46. This is a "one-sided" configuration wherein there is just
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2-4 and 5-7, the workpiece structure 40 is a single workpiece sheet 50
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configurations will be discussed subsequently.

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



In all cases, the confinement sheets 44 and 47 and the donor sheets 46
and 64 (where present) overlie the hole 52. That is, the confinement -
sheets 44 and 47 and the donor sheets 46 and 64 (where present) are in
registry over the hole 52 and extend laterally some distance beyond the
hole periphery 54. The workpiece structure 40 may be made out of any
operable materials. A typical material of the workpiece structure 40 is an
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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.



circumstances. The heating step 22 may be accomplished by any
operable local heating technique. Preferably, the heat energy is supplied
by resistance electrodes 68 and 70 that contact optional respective
backing plates 72 and 74 that are placed in-line with the stack 42
contacting the outward faces of the respective confinement sheets 44 and
47. The resistance electrodes 68 and 70 may be, for example, the
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as shown in Figures 3 and 6. The excess portions 86 and 88 (if present) o
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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.



outwardly from the workpiece structure 40 are then preferably removed,
step 26, producing the finished welded structures shown in Figures 4 and
7. The removal step 26 may be accomplished by any operable approach,
such as grinding or machining. Although the processing that utilizes the
removal step 26 adds to the cost of the welded structure, the weldment
84 in the final welded structure is more sound and controlled than in the
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inch (about 1.27 cm) maximum thickness, and the backing plates 72 an
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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.



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
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confinement sheet and the first donor sheet, a plug of a plug material in

purBReStioRd, WHEHEIH e WG Hhat R A s il g HGRATREE thaRahe e made
withogltingeint-okthe fits! cpnfinamentspeeais therealentioeallykestingale the
_stack at the hole using an electrical current sQurce to a temperature
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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, 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 structure having a thickness
of from about 0.04 inch to about 0.50 inch. 7. The method of claim 1,
wherein the step of locally heating includes the step of locally 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
weldment. 10. The method of claim 1, wherein the step of preparing
Whﬂdﬁj@é% '§iep of preparing the stack comprising, in order, the first
confinement sheet, the first donor sheet, wherein the first donor sheet has

1. ARG RS dhAmdhedl sk confinamentisig ehetbe uiKpiece
structure hawr(L%gt e hole therein, wherein the workpiece structure has a

melﬁﬁegoﬁ%ﬁ'ﬁtq SR N Hh&IRMENt sheet, the plug of plug material in
the hole, assivsbpehioeoestisestwherein the second donor sheet has a

melting pojnfiespiBaarbe fistranfinementish&elnafthasS8GRBHng point less
confjnement ﬁ.heet,,whﬁgm the Sﬁond confinement sheet has a melting

poinb AT IS PAT ARG BRLFLHIOS MBI WAL structure, and the
second dofaowstkpecevistrsinhd fvate onfirden rrsineevhireifirshelommkpiece

sheel&umﬁrgﬁ@%ﬂg Mdn thB&_ﬁ‘Et’rI]@gQ m?fmﬁn%]omm@mqalézﬁ?@%&mt ment
overie e nole, an rein tine step C eating inciuges tne step .
ot TS5 ORI RS ETEIE By e G T et e P!
meltignerfisteefonor sheet, the plug, and the second donor sheet, but not

the first copfinggentshegtanRibrisacoMIcoON RN HSRRRY hatefal has a

method. for repairing a workpiece structure, comprising the steps of
o BN PSR O G o BRI 1o LER (RBIRERECh SbEe a Hrggarer
donlocshedeating the stack at the hole using an electrical current source to a
temperature sufficiently high fo 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 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

10



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 confinement sheet
each melt at a temperature greater than do the first donor sheet, the plug,

dt d.d heet; thereafter locally heating the stack at th
nesii. Yerosh dbctoartirt SUREAYTA. telfBERtu L fciBrRY/HBR: e

wortltpieea iy yakitethetfivet e ot shotinethenphigethe  second donor sheet, and
the workpiece structure; and thereafter cooling the stack to solidify any
elted material and form a weldment, 12. The method of claim 11, ,
o, R TR S of PRSI & SRR A SO o8 08 diFg o Plcing
an pegimds orkpisbesieudiinestagk Théaléraddleficaimatveentherelectheissep
of preparing includes the step of providing the first donor sheet, the plug,

nd the wqrkpiece structure as the same aluminum alloy. 14. The method
9. DRI ol Ind T AR AR IcRIERs THE! i BPoROVERIGE: ©f
remperiyr skeessonstasiet ftbe flagvekitiante workpiece structure as the same
alloy. 15. The method of claim 11, wherein the step of preparing includes

e step of, providing the workpiece structure having a thickness qf from
10. 28 SR FCAE SoWUe 5150 1 fePie. PrRRP RIS P ST £F, Sholuding
an akiagnalteecpacitesrtimasitgpiobedriling, of removing excess material
from the waldmentodihehheiagthed of claim 11, wherein the step of

ltﬁzasné QIS 3%%%%%#5 ec%lté ?%esgt,eb%i?\%%pgftﬂg %%? gloen%trr% ge? gg %h r?lle t?ngf 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



the electrodes. 12 METHOD FOR REPAIRING A HOLE IN A METALLIC
WORKPIECE ABSTRACT OF THE DISCLOSURE A workpiece structure
(40) having a hole (52) therein is repaired by preparing a stack (42)
having a first confinement sheet (44), a first donor sheet (46), a workpiece
structure (40) having a hole (52) therein, a plug (66) of a plug material in
the hole (52), optionally a second donor sheet (64), and a second
confinement sheet (47). The first confinement sheet (44), the first donor

sheet (46)’ tﬂ&%%ﬁr‘?&‘@l&?ﬂi?%ﬂé‘éﬂ%ﬁ? €and the second confinement
sheet (47) zsetvovediectisddu|ariB2). The first confinement sheet (44)

and the segQpd sanfingRetnipeL(47) each melt at a temperature
greater than do the first donor sheet (46), the (66), and the second

AN T LRI ETOL Sl e e TR R85 Bm Segne
electrical sheetnesdutiee se@tdmpefatmerguficientpdtigbvimliechlly milt and

the fisst-danAL $hebAASniig PG (88). t%%é@&ﬁ’cﬁ‘@ﬁ\‘ﬁﬂ@ﬁﬁ%ﬂ?@ﬁé@@aé@ﬂnelt

the workpiece structure é4gg‘ The stack (42) is thereafter cooled to solidify
ol RO AEHES AP0 BRFHEr e Fce.on the secing

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.

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.

12





