14 Cctober 2004 METHOD FOR REPGCSI TI ONI NG OR REPAI RI NG HOLES EAGKEROINY OF
THE | NVENTI ON The present invention relates generally to nethod for
repositioning or repairing holes in netal substrates such as netal
conponents used in jet engines and the like, and nore particularly to

met hod for repositioning or repairing holes such netal substrates using a
physically defornable netal insert. Many nmetal conponents such as nozzle
supports and rotor or conpressor disks used in jet engines require holes
to be drilled in th@EE%ﬁﬁbﬂéhﬁuﬂﬁxﬂﬁggNBf@éﬂiR@B#ﬁBﬁéﬁ%§3bEﬁ bol ted on or
otherwi se attached thereto. For exanple, U S. Patent 4,953,777 (Giffith
et al), issued Septenmber 4, 1990, shows fan rotor assenblles used in jet

engi nes whEACKGROUANDKIBREHE BIVEND@N ed on a rotatabl e disk. The fan

bl ades can have one or nore tangs by which the blades are attached in
spaced rel ati onThar pnes’ﬁhttimeelpmnj peHetle;/ ghetalle thi skethodh fonerepwihor&mg)cxﬂi ment ,

t he bl ade has.thre %ach % a gol e therein ned .al on the
e au e, Mmiinh Sles PRl sHBSR D MREY oS e it Bh e Es g
peri pheral ganpud aarndslﬁéz%epé?ﬁcdlé}?y @d fethod FoF r&ﬁlﬁnfo\ﬁ?hg Qﬂlk%raxﬂr%”&ﬁeseé}cﬁnd' ”9

al ong the outside surface of each side o di sk "whi ch al so has hol es
that |ine wptalistbsttabes Mmgwmﬁlcaihedﬂfmwle meuaémem ng pin is then passed
through the holes in the disk and the aligned holes of the tangs to attach

each of the bl ades to her Ano [ exa e of an
o e comeoneattapt fet SRl Sich & nbPle Shafory PR PEbe S AlREFetr
5,111,570 (Rasnge&t irefet @hgiaks reqhﬁslhelisl\/&)beild%;lleagﬁZhe lcamlﬁb@wteolthafothéﬁ S

patent is shown an |nt@grall bl aded conpressor disk 1 havi n&& ngl urality
of bolt hofcaBpoBentneat teérprsﬁfaﬁ@éﬁ‘éﬁfi' aifraRe HierelPo ity YREPES bt dPeince of

e . S8 iy SQTPRRGAS S, N L SOPREAGRRGsthok Y
drilled or imjdtenginsewherenthel faimbladeshareicuntedonpanaatable disie The fambledaf t he
hol es can rglar? Ihggg to?lg orn;ngi%l tla gnse _gy v%lgl?rt Pl Ibﬁl%’es %Fe g&ﬁ%ﬁ%nds%glcedg relation

around the periphery of the disk. In one such embodiment, the blade has three tangs,

each having a hole therein aligned along the same axis. The blade is mounted to the

disk, the center tang entering a peripheral annular space of the disk, with the two

outer tangs extending along the outside surface of each side of the disk which also has

holes that line up with the holes of the tangs. A retaining pin is then passed through

the holes in the disk and the aligned holes of the tangs to attach each of the blades to

the periphery of the disk.

Another example of an engine component with drilled holes is illustrated in
U.S. Patent 5,111,570 (Baumgarten et al), issued May 12, 1992. In Figure 1 of this
patent is shown an integrally bladed compressor disk 1 having a plurality of bolt holes
2 located on spaced arrangement around the circurnference of flange 3. Other engine
components are joined to this compressor disk by bolting these components onto

flange 3 using bolt holes 2.

When holes are drilled or otherwise formed in such metal components, one or
more of the holes can mislocated, misaligned, misdrilled, or damaged during

assembly of the components or during use. For example, the holes formed in these
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assenbly of the conponents or during use. For exanple, the ﬁﬁb&%b&@ﬁﬁﬁd I n
these -1 14 Cctober 2004 conponents can be subjected to stress during use
and wear away or deform This can lead to renoval, discarding or scrapping
of the component where the m slocated, msaligned, msdrilled, or danaged
hole is | ocated. This can be very expensive, especially in the case of

certain conponents such as. rotor or conpressor, disks used jn jet engines.
For exanpl gBmPﬂn?r’i%caé' uBjectef] f giress dyr Bﬁf‘e@dr%?%raéﬁ{ayé’ﬁggéoé‘ﬁt i 1418 eAense-

has been i m&Gur fofnivhRldidcardig BF RerabPifg CIMMENSRIpAnER WR&D 8L NEltocated, .
Accordingly, as the value of the individual assenbly 1 ncreases, the margin

of error i misalighedi mipdaifed, groflamaggdt hnds és daatedneiihis ¢anged ery bigrasies, even
more critical..ln.the past, such mslocated, msaligned, msdrilled, or
darmged hofFeciAlydh M5 SREE Pt st Fissaaia g LGP R o PBiRStor kP Pt and
subsequent jhieabinks.eBbABRIMHS in NRPOSE LF Alle @RIy BRALA rdibR, HV:BnEAeXpRARE
undesired distortion of the conponent, as well as a reduction the netal

fatigue capabbsanipcetedprigripirining thheempenenisdo sadh eberdAcwrdinglyhas the

repriipos misdoset) ebrrdd asthe
engne. congbnan e T FRal biebBby Al e hURIETN & "B EAER R 4\ o ure

fraction gjomiag these MemPpotdaed tobether upaeatvepytorecaifipgnent s made from such
al l oys are not weldable due to strain age cracking. Another nethod for
repositioning or repairing such holes is described in US. Patent 4,953,
777. In the net Addiopashriueh gusloptied quisghgnede misdnlipds plodimagedoes wereoa- C

and 3, hol ; ' o | he i .G/ 0
renove t heggéﬁ%%g%gggéﬁ%%gﬁ%ﬁ %9 oﬁgﬁgﬁ}ageﬁg%ﬁgﬁv{/ﬁ e%lggérqgélgsl#%{ {é‘g%ﬁ%ht{g snoot h
finish. A megoaitionbustpangthe Bokaan wgus wdeprsl distortionariplad ¢dyhgonsht, s tdedl et al
conmponent bein repajred i.s. then inserted into this enlarged hole 19. The
outor it amt aHoSiBhanT Al JePE SARERIRGAL PSORPOUTHANS (e GReIEIE O ¢ ne
enl arged halg dfhpef@ltoWhdGtréBeLali el as W@?_ﬁdﬁﬁy e EREDrihe '&rengf&ed hol e
19, nmetal mandrel 21 is inserted into t he bushin ~opening anél th
resul ting &ewpatsns. hadheeaseof catigia naitdlfalloyssuobasdiighyvaliumb dsetioy gemma

prime nickel-base superalloys, components made from such alloys are not weldable

due to strain age cracking.

Another method for repositioning or repairing such holes is described in U.S.
Patent 4,953, 777. In the method of this patent, as particularly shown in Figures 2A-
C and 3, hole 19 to be repaited is machined to a diameter sufficient to remove the
damaged portion and to provide a new enlarged hole with a smooth finish. A metal
bushing 20 having a composition compatible with the metal component being
repaired is then inserted into this enlarged hole 19. The outer diameter of bushing 19
is machined to provide a close fit with the enlarged hole 19. Following insertion of
bushing 20 into the enlarged hole 19, metal mandrel 21 is inserted into the bushing
opening and the resulting assembly heated to cause diffusion bonding of bushing to
the component 17. The assembly is then cooled and mandrel 21 is removed to
provide the new hole formed by the opening in bushing 20. Again, like welding,
diffusion bonding of the bushing according to this patent can cause undesired

distortion of the component.



t he conponent 17. The assenbly is then cool ed and mandrel 2l ¢ dto
provi de the new hole formed by the opening in bushing 20. A%g?ﬂ?ﬁﬁﬁﬁﬁﬁ
wel di ng, diffusion bonding of the bushing according to this patent can
cause undesired distortion of the conponent. -2 14 Cctober 2004 A
variation of the nethod involved in U S. Patent 4,953,777 is to use a

t hreaded or flanged bushing to reposition or repair the hole. In this
situation, the A hafaigdodrthd Inpnged ibwdlddng USS.heitentwi 958 177 He tendsarged
hole by frictional forces. However, the use of threaded or flanged bushing
may not be tgadadndretlingsd bushingA0i GpeSitiohh aF &epaHethgdioee-t 4n IS et ithhed or

repaired i LV P Pl ¥ ar r hole to
be reposi ti%%lrﬁg%%oér)r ?g%%e?lpgﬂélhlxdg lrseql%?ﬁ%/@fl? t}s{\@ngﬁﬁr%c{ae%(g? h@ag}g%?gl %Cig?egéded or
fl anged buglowger,aheuderdqhrentidd/ohitdrged bughlime mabynogbe possitde koaekitismtibhat

have a tendency .t rack over . ti and, al | ow t.he bushi.ng. t i t iall
W Ehin | neieet e Tl oRrotiad Por RS TERURTHGTEN IF S Tng VGG hol es
is describgg \ﬂhé‘lje‘%he hERLUE B Ié%(?s%ft}oléa%r régfhixteh% & t{?@y@ﬁlaﬁ hir HoRat B, as

b
particularly shown 1 n Figures an enlarged hole 1ndicated by 51is
f or med suchhmsddiyordflangded igishing$ laenfeq@ntlRdiedd in plagg by Beérstasbsieldothatl in

enl arged hgle 5 and then a forge,..joinin ressure is applied from..both
ends of th&a§faden &Sﬁﬁbgmﬁ%ﬁ@gfahﬁaPSﬁ@PRb@ﬁiﬁﬁgngtg gfﬁe?ﬁgpygvgn%haped
and positigngslet 0 pronote uni form heating and deformation of plug 6. Wile
this force is applied by punches 9 and 10, the interface between plug 6

and the wall of enlarged hole 5 is locally heated. After the for e§i oi ni ng
step, excess prddiQikgrapethed & rgpositioning, pLicpainss sHok Holss ddessribsd léi‘g% -3 can

be nmachi ne il i fq. I, i led to
provi de a %él%vr\@élé @gﬁbpgggﬁ %gﬁgg%&ﬂ%l?&ggﬁt’gg(ﬁ’fﬁ&iﬁgwt gpﬁggngﬁ%ﬁg? r? Fi gure
7. Again, lankalargddhioigiraiivehtedi Byf S18 formbdadhng by kiedingim firnge Bh&ephinglugan
cause undesjred dj st(gr,ti on of the _co In addition, lLike a. threaded

I onent .
or 11 anged toUSHISSRe ingnlgracariolt. 5 aRe | BeR & Ceres P RINEBRFEHERES AR T ar ged
hole 5 both ends of the plug, such by upper and lower punches 9 and 10 that are shaped and

positioned to promote uniform heating and deformation of plug 6. While this force is
applied by punches 9 and 10, the interface between plug 6 and the wall of enlarged
hole 5 is locally heated. After the forge joining step, excess protrusion material 11
located on both sides of flange 3 can be machined away, leaving a smooth flange
surface that can be redrilled to provide a new hole 13 of selected position and
diameter as shown in Figure 7. Again, like welding and diffusion bonding, heating of
the plug can cause undesired distortion of the component. In addition, like a threaded
or flanged bushing, plug 6 can be subject to axial movement within enlarged hole 5

over time after the removal of the excess material 11.

Accordingly, it would desirable, therefore, to provide a method for
repositioning or repairing mislocated, misaligned, misdrilled, or damaged holes in
metal componenfs that can be achieved without the use of an insert other than a
threaded or flanged bushing, does not require heating of the component or insert used
in the repositioning or repair of the hole, and which avoids or minimizes axial

migration of the insert used to reposition or repair the hole.



over time after the renoval of the excess material 11. AccqudhQgbetoobd
woul d desirable, therefore, to provide a nethod for repositioning or
repairing mslocated, msaligned, msdrilled, or damaged holes in netal
conponents that can be achieved wi thout the use of an insert other than a
t hreaded or fl anged bushing, does not require heating of the conponent or
I nsert used in the rﬁggsitioniqg or repair of the hole, and which avoids

or nini mi zZ2YMMARY ORIFHAINYENGIONhe i nsert used to reposition or repair
the hole. -3 14 Cctober 2004 SUMVARY OF THE I NVENTION I n one aspect of the
present invention, there is a nethod for repositioning or repairing a hole

in a metal subskr@ieeashestiofgh@piesditt inadndos aboreds auhébe® rhepssitidiengd ot €
extends through the netal substrate fromthe first surface to the second
surface ofPHENE §igse Iz metal gubshpte hepingodfirst prd shcand swfacgtwherethedioe i s

enl arged t t r t i 0 econd, surface
o form ar- iyl Bl SRR Bof M ie £ihe bRl SR TEEHREL 5
portion ofsubkigateli BTt mdtiardgahe divanetéchef deahalt €8 ebfargddethraiphadhgededdpl € is
formed in one surface of the nmetal substrate at one end of the enlarged

hol e. A setBpmis Soastheds taghe sepand syfags tatform a8 enlargsdrhale i Grstirecessi anet er
| h ' dy: | '
sur face. oravila WeATFHE ap Nast  BoRRLAIARCARLA beost il the BabiBr S IEL

physi cal | yeniteged ekl & foemhad inionsesurfaba\vf e andtglashpmatei anormnehdodyhgorti on
I's provided_an s inserted through one _recess at one end of the enlarged

d | [ . f 1
hol e so t rﬁaﬂars%il%dﬁ 5601 Feess Ay Al witly at leasira pertipy ofiltsligmetae
enl arged &g, j Lser : e ' | anet er
| arger t hg%gt%ﬁg;%etgrgret era%]E B{ﬂ{e}' éeHrll gg%ggﬁhlgl%?ﬂgflgpﬁlg (gtﬂ%r\é\g %ﬁ%ogg% i gured
SO0 as to ihetabayiabhte avthe sthet érainell thy esrlagedilode. t4 @hysidadllyafef@nablef métae

e m ¢ 11 R e RELpaion ek POOSLRN OIS OVEhRR SHescais Amgadh A o and a
o0k gk, g e e PR QR IALE s Prdbs o
partially within the enlarged hole. The head portion of the insert has an end with a
diameter larger than the diameter of the enlarged hole, and is sized and configured so
as to be capable of frictionally engaging the wall of one of the recesses. The body
portion of the insert has an end, a diameter sized to permit it to be inserted at least
partially within the enlarged hole and a length such that the end of the body portion is
capable of extending at least to the other recess. After insertion, the head and body
portions of the insert are then subjected to physical forces so as to cause the head
portion of the insert to be deformed and frictionally engage the wall of the one recess,
so as to cause the body portion of the insert to be deformed and frictionally engage the
enlarged hole and so as to cause the end of the body portion to be deformed and
frictionally engage the wall of the other recess so that insert becomes substantially
axially fixed within the enlarged hole. A new, repositioned or repaired hole having a
diameter smaller than that of the enlarged hole may then be formed in the fixed insert
that extends axially therethrough from the end of the head portion to the end of the
body portion.

According to another aspect of the present invention, there is provided a

method for repositioning or repairing a hole in a metal substrate having a first and
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portions of the insert are then subjected to physical forcq§4?&dg§2b@4cause
the head portion of the insert to be defornmed and frictionally engage the
wal | of the one recess, so as to cause the body portion of the insert to
be defornmed and frictionally engage the enlarged hole and so as to cause
the end of the body portion to be deforned and frictionally engage the
wall of the other recess so that insert becones substantially axially
fixed wi t hsevondheurfack avhgeiin thelhele éktearalethroeghotie sulasmatt foom tiephist adfdele havi ng

a dianeter, smaller than.that, of the en]arged hole nay then be forped in
the fixed MiSEFnd Priage e aesTass gﬁeﬂ’gﬁt{*?égf&lwwﬁgﬂwE COmOTRALERHEGRS  he
head porti gfndeRr UReRERIoRh dnhéhlarBOf YoR Yol e Y cﬁﬁn@ﬁ%%:j (f)i - 80R WRBh RS Pect

of the present 1 nvention, there i's provided a reposit1oni ng or
repairing teehubgrate framnibt dirststolthe sextoad saxfucey farnfihg s thenfirst durfske @fiocber 2004

second surface wherei e hole tends .t hrough,the substrate fromthe
first s ylrjf i on fad gtﬁt‘}rf‘al?agaﬁ‘rdre g By ﬁffﬁée%“g%%‘fl‘é& é,Wﬂﬁmﬂh@t%@aeter
conpri si NOiaPGipelsaRmaiy intk W@kt SP8 ﬁ@ﬁ%@éﬁﬁ& s@&fgéé;g%&@ Bkt 0! ar ged

hol e having a cylindrical configuration throu strate fromthe
first to ttoavasdsomecnd of fhecelargedrhule) donming ethe sewnd sunficeseaord restss at ecess

t d,of .the enl ed hol.e, .the first recess.having a wal| wth a
Si a(r)nr;t(:a e(ran E}‘ﬁ&tﬁ?afﬁgr@aff‘%ﬁ}glﬁféﬂegﬁﬁok= El?‘Fese&P? E§e aé’\}%/af"faglrﬁ”’cth@ WREET sur f ace
of the subfaf@pss wlardrngeﬂ@réea@n eRey ﬁBmHH@s@d%h@%&?&e%@lﬂ%l' sufogtlfzgkﬁlg?' n the

second surface a second recess at the other end of the enlarge e, the
second r ectossirdsathi othen endiof thei enfargedihelnpprovidingha physagélysidfowmbtl mefah t he

di ti f. t he second surface of .the substrate and towards the
other end BYetRURER RS aftRE R D IR LT Eh Ry SHBRS PRHBR et o
rivet havi agyldiRaldcdd@ihiafbn, Whe Red pétish PERRI L aaerbffifﬂeﬁﬁiahgrengagng body

portion with a cylindrical configuration, the head portion being a capable
of frictiothaltinereshyalyohgne efiberegsesce dndhiaving an oné with # diemeter sgershamd

1119, 20 GRULD 8L LS AR BEho B oL GA Sl 8RR 90,
portion t opdmid the B6dePortibn kEBS insBrBdd dtdbdsy pattihlly Withiiethe BhRF@Ahoohf and a
length such that the end of the body portion is capable of extending at least to the
other recess; inserting the rivet through the one recess so that the body portion extends
at least partially within the enlarged hole; after insertion, subjecting the head and body
portions of the rivet to physical deforming forces so as to cause the head portion to be
deformed and frictionally engage the tapered wall of the one recess, so as to cause the
body portion to be deformed and frictionally engage the enlarged hole and so as to
cause the end of the body portion to be deformed and frictionally engage the tapered
wall of the other recess, so that the rivet becomes substantially axially fixed within the
enlarged hole; forming another hole having a cylindrical configuration and a diameter
smaller than that of the enlarged hole in the fixed rivet that extends axially

therethrough from the end of the head portion to the end of the body portion.

The method of the present invention may allow mislocated, misaligned,
misdrilled, or damaged holes in the metal substrate to be repaired or repositioned
without the use of heat treatment that can cause distortion or degradation of metal
substrate. The use of the deformable metal insert having the head portion with a

diameter sized to frictionally engage the wall of one of the recesses formed in one

-5



| ength such that the end of the body portion is capable of exygpsli-Rgoat

| east to the other recess; inserting the rivet through the one recess so
that the body portion extends at least partially within the enlarged hol e;
after insertion, subjecting the head and body portions of the rivet to
physi cal deform ng forces so as to cause the head portion to be deforned
and frictionally engage the tapered wall of the one recess, so as to cause
the body qmfate ofithendvs sdeftataraibngrdtl the eid ofithelbpde pogaipa dffie: @sdrathged hol e
and so as to use the end of the, body portion to be defornmed and
frictional wa@%&a‘i%&dq@ﬁ&d&a ﬁ‘l%ﬁmﬁﬂwngaﬁe tha walk of Be ether recgssfagmed he
rivet bec i I L i t.N] ;

form ng anot g?&ﬁ%}s@ff dae\zi(%f{n%e gé%:s?la%eyh rapégjﬂ%tﬁ? ?%lr}tr%?? eoﬁmaﬁggggfd?g% er

smal | er t hfixed Withinofhetdnéarged holgeds hotesult,ntheHasdri teads mbv &t nfigrate sdlends
axially therethrough % omthe end of the head portion to the end of the
body port i §HnE "ee‘ﬂgﬁgﬁ BOISfe‘ieHé’VﬁrrtéE%nt i nvention may al |l ow ni sl ocat ed,

m saligned, msdrilled, or damaged holes in the netal substrate to be
repai red Ofr{EPPSSORIFEON GETOEDREAW NG of heat treatnent that can cause
di stortion or degradation of metal substrate. The use of the defornmable
metal insert having the head lpzorti on wwth a dianeter sized to frictionally
engage t he wal | Fi§l. 1dne pettial briokertopgdansvitwrotednétal suhgratgwith tigchaesr be2004

surface of_the.netal substrate long.with the end of the hody pertion of
The | noer PRAEORr By e, Boe et bt SRR BRaRRPrROAlb t he
wal | of thaedbherthegeasst ihoém@d, in the other surface of the substrate, may
allow the insert to be substantially axially fixed within the enl arged

hole. As a result, the insert tends not to m'(ﬁ;rate axially wthin the

enl arged hol e, B¥br? B¢ patish broBrp &9 DREREORMPPE e TRtk sEbSHRRAIGCE 2BEG. | i s
a parti al f&gﬁﬁ%qo&gggﬁ&ggw}/ﬁqﬂé&ga%egﬁg I substrate with the hole to be
0 e e

repositione rep avi ng n enlarged by an exenplary enbodi nent of
the nethod of the present invention. FIG 2 is the partial broken top plan
vi ew of the netBIG.Subssidatectiohfd viewftdken along line 3-3 of FIG. 2.

FIG. 4 is a side view of the deformable insert

FIG. 5 is the side sectional view of FIG. 3 after the deformable metal insert

has been inserted into the enlarged hole.

FIG. 6 is the side sectional view of FIG. 5 showing the physical forces being
applied to the insert after insertion in the enlarged hole.

FIG. 7 is the side sectional view of FIG. 6 showing the insert fixed within the

enlarged hole, as well as the new repositioned hole formed in the fixed insert.
DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, FIG. 1 shows a portion of a metal substrate
indicated by 10 from a metal component such as a nozzle support, or a rotor or
compressor disk, fastener attachments, or the like that has a mislocated, misaligned,

misdrilled, or damaged hole 12 requiring repair or repositioning and a first surface
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form ng | ocking portions in the enlarged hole. FIG 3 is ag nal
view taken along line 3-3 of FIG 2. gFIG 4 is a side vi evsﬁ,o(?&?&g(zb()@ :
deformable insert FIG 5 is the side sectional view of FIG 3 after the
deformabl e metal insert has been inserted into the enlarged hole. FIG 6 is
the side sectional view of FIG 5 show ng the physical forces being
applied to the insert after insertion in the enlarged hole. FIG 7 is the

si de secti ﬁﬂﬁhtcﬂ' ?W40fAst|hQan§n SO, hglel IPthitis &5 be fopyieel v depositidiied haenl ar ged
hol e, as wel he newrapoleoned hole formed in the fixe |nsert
DETAI LED D&@@ﬂw b@ml@gequ orvErFaedRel e indhe mstal srbsraiiinedlling) G |

shows a po@m%n%{gfgl ar metﬁal)ds%la%rt?ttl?ose sﬁﬂ%&frf &d apcy V@’Qﬂé Mo t’ﬂgl l‘lsiak

component nozztre su mpr essor
fastener agdeaGhngEdSo foin érh@rgbd kelet I8dtas laascalamtmbecsataeub bendydiadiicaiéal,

m sdrilled, or damaged hole 12 requirin air epqsi tionin d
first surfeendiguzrtions Bparet the pf %E%FEH’%BS}O ﬁan%&?t;%“x%ﬁ ?Fﬁpﬂrérglanho?e 12

that ist OI&BﬁSlflng ?@1@? ﬁ%BﬁQP&n?gﬁ%%@n@%lmﬁhé ﬁﬁﬂé’ wWRERNhE Bhape@eehet 0 form

an enl arge net al strate by drilling, boring or simlar
met hods knhole ig @val, fedifticak rdundeld ravtangelaarEV satbér shapbdriudipge tdbas ohths  been
enlarged to formenlarged hole 18 has a circular shape so as to be

cylindri calik§.n confi guration, the nethod of the present invention can al so
be used to repair or reposition hol es havi ng ot her configurations,

i ncl udi ng thoseswhenenbRe iSRAPE, Pleckhe? IBQ'd)tﬁmddSm@uﬁhce Bidttlcmtaleﬁalofhol@unded
rectangul ar, TV screen shaped mul ti pl e | obes or the ke. As al so_shown in

Ed. 1, a ré&es%zlz neSeSSoE?frefﬁ tymicadlyr forged 12fteat ef&‘f‘fge‘éﬁ’&l%flgh@l formgg, thgpi | e
recess 22 is.d e¥ §$ ﬁo&{nﬁﬁgn afte’ ﬁgélar@se%ow f A, bS eﬁlgfggﬁéolet heis

particul ar ?ﬁ& FON e hoteti fica showh I n , _enl arged
hol e 18 i selog%gaga@rggg SR 55 tarielgdysmiltiyp bolel 18y s yharhblei i8gtofoine ajlpa;r SO

SR AR AR T SRS M
26 and 30 extend axially typically from one end of enlarged hole 18 to the other end
of enlargéd hole 18. As shown in FIG. 3, recess 22 comprises a countersink 32 that is
connected at one end of enlarged hole 18 and counterbore 34 connected at one end of
countersink 32 that extends to surface 14 of metal substrate 12. The purpose of
counterbore 34 is typically t6 receive the head of the fastener such as a bolt or pin that
goes into hole 12 and to allow the head of the fastener to lies flush with or below '
surface 14. Accordingly, the formation of counterbore can be optional in the method

of the present invention.

As shown in FIG.3, the diameter of the wall of countersink 32 tapers inwardly
in the direction away from surface 14 and counterbore 34 and towards the end of hole
18 to which it is connected so that thé diameter of the wall of countersink 32 is larger
at the end closer to surface 14 and smallef at the end connected to hole 18. As also
shown in FIG. 3, substrate 10 has another (second) surface indicated by 38 that has
formed therein a recess in the form of countersink 46 that is connected at the other
end of hole 18. As also shown in FIG. 3 and like countersink 32, the diameter of the
wall of countersink 46 tapers inwardly in the direction away from surface 38 and

towards the other end of hole 18 to which it is connected so that the diameter of the



26 and 30 extend axially typically fromone end of enlarge t he
other end of enlarged hole 18. As shown in FIG 3, recessqzét;@%:tgbrf%r%iogﬁs a
countersink 32 that is connected at one end of enlarged hole 18 and
counterbore 34 connected at one end of countersink 32 that extends to
surface 14 of netal substrate 12. The purpose of counterbore 34 is
typically to receive the head of the fastener such as a bolt or pin that
goes into wellef courtprinkettais|lenger #icthpend cloper theurfaes Thard srmalisrad the epgsh with

opt ronal i A PRE et Rbie GRARRENS A AP 40 LR RO L RO "

di amet er ofodtiratnl ardf disi@etet, ahs} tda 2o bapedsdravagoliguration he dilinicet i on
away from surface 14 and counterbore 34 and towards the end of hole 18 to
which it | widenispreagdon hermethed af GedPreenidnvemienval | of countersink 32 is
| arger at the end closer to surface 14 and smaller at the end connected to

hole 18. As al S@IGSHO%{QW% Eigff“%“ 3n tﬁé'%rgr‘i ?JEGA 1i0ethss n3NRLHGH 4 ?ﬁgﬁ?égb’m of

surface indicated by as forne erein a recess In
count er si nkeftmaflatméts!, cosines b adclad-based metabiike dneb-630, hvlhieh,18. shasvmalso

h in Fl 3.and lik t I [ , the. di t f the | f
count er o nEIGS: ineried G I SR A R SR h Pl 1 Ko et RO ang
towards th nc?ﬁ,gﬁ{_?et%@q'lagfa He@l @okfnt 56 éﬁffﬂl &g?d}t pdréiok go.ﬂ%ﬁg)o_ﬁﬂbﬁ[ $@had hie

di ameter o 6 14 Cctober 2004 wa countersink 46 is larger at the
end cl oser endimlicatay 88 witide dismictasrlarger thaa thdiamgter [of|ab lepst 2 ppitioa of,

count ersinks, 32 .and 46 ar hagwn in F 3_.as.bei of, gkl .

confi gur at ian'l%ﬁﬂ‘éFqgﬁ st : ,ﬂ?@f ﬁb%l}neé%{no a%gowﬁlg of 085"1‘? ?Slenrke%% Sgotﬁ%tl Va % on and
dianeter whifeut ifteRad tdmglefelPfréiipd o DRAABRIsHRROWE 65 BIGs. 4nadrs, head FI G
4 shows an insert in the formof a rivet 52 made from a physjcally

def or mabl e PABioaI 56 heg éHaneseds fstorenict contizurmtion thet isdypialbr Herst tofisi dbe as
shown in FE LS ] r ' L L RsP ol g &8 AS
shoun i Frtge opfulSERAERAc &IHInGRURL 85 ) Bib ATERE AR S o
60. Head peotnteRink64daheaniveersd isrdiecrtedAbylsédshamhinaFiisadetret 5) hoder t han
the dianmeter of at |east, a portiqgn of, ) . .

portion 60 has a cylindrical configuration that is typically sized to be of the same or

similar diameter as hole 18 so that body portion 60 extends at least partially within,

and preferably completely through, hole 18, when the rivet is inserted. As shown in

FIG. 5, body portion 60 has sufficient length so that its end indicated by 68 extends

beyond the end of enlarge hole 18 and into countersink 32 of recess 22.

As shown in FIG. 6, physical forces are then applied to head and body
portions 56 and 60 of inserted rivet to cause the head and body portions to be
deformed and engage the walls of countersinks 32 and 46 and hole 18. These
physical forces can be in the form a tool head or rivet set indicated by 76 that is part
of, for example, a Bracker RN 281 radial-riveter that imparts radial forming forces
through tool head 76, and an anvil or support indicated by 82 with a golf tee shaped
insert made of a hard material such as tungsten carbide fits within a recess in support
82 and provides a cylindrical protrusion indicated by 84 that abuts head portion 56 of
rivet 52. See U.S. Patent 3,653,243 (Ramseier), issued April 4, 1972 (herein
incorporated by reference) which discloses such radial-riveters. Other suitable

methods for deforming rivet 52 include the use of the combination of a conventional



and typically nost of, the dianeter of the wall of countersj hat
rivet 52 cannot be inserted conpletely through hole 18. Asigsgtéﬁeélﬁ@% I n
FIG. 4 and 5, head portion 56 has a tapered, frustoconical configuration
that is typically sized to be of the sanme or simlar configuration as
countersink 46 so that it fits snug against the wall of countersink 46
when rivet 52 is inserted. As also shown in FIGs. 4 and 5, body portion 60

has a cyli rﬁqgm%e@&n&ﬂ a%ta%&rpena hadckiny b#PLEaLdIY asictRS foPmben&habibe same
or simlar dianmeter as holeé 18 so that” body portion 60 extends at | east

partial |y wiudezmg. and preferably conpletely through, hole 18, when the
rivet is inserted. As shown in FIG 5, body portion 60 has sufficient

|l ength so that its, end indicated by 68 extends beyond .the of, enl ar ge
ol e 18 and | nt d OCbiMIerEPrr gpoveg BalenBaOR Ry AR TR bl ol & ol 31 05
forces arepbhipn PR bpplytibe Heatmandfhedy butPass i0Reri&SoRovkerbPphiy orbiel t ed
rivet to cause the head and body Eortions to be _deforned and engage the

wal | s of coathsesubisiartdalby parrdeldo dhe wefpee 11d. offfeberaip nifs ped subgipgéslycan be
|n the Tor BBehRhial fftheOonkiuihal 58t OBEGAIGAR Y00 Bl alcaa RRlles &F . Tof

exanple, a -riveter I nparts radi formng forces
t hr ough t oGbdhpadion &0 candardly, &mardlypin sswgepdagpinglishiah edd pynd@iyiovards gol f

tee shaped _insert nade of a hard material such, as gsten carbide fits
within a r &&SRPIsHe suEeh 68 ofdhe sHpstsioy PAdel f%?%yml‘iggi%fta?odm Betge; ¢h

I ndi cat ed ?éfo@ﬁlxs Eﬁégrrfﬁgﬂgﬁ%grﬁ%g?sﬁ% S{aﬁrlbgggur?{:]rsinﬂ{! 68dlosest thS8Rd bF l(?alg frgt ent

3, 653, 243 ansei er I SS ereln Incorporate y
r ef er ence) Imhiprbferied ctossest swedhppingloedital paths esferedichay “rediat &streng,inthehods

for deforming rivet 52 i th f the conbination of . tional
|2 14° ot oRRvCBISBoF FphEER) 70 0B BIosG B (CRRATR YD S A el | s

ot her for my,pBehank ¢abures GMESHE Bt cIRRtenhABGSHM 6 6AdBE YofBMeoR@n onl y
downwar dl y "agai nhst end 68 of body portion 60 to apply the deform ng

forces, buttlal so in series of overlapping orbital paths substantially
parallel to the surface 14 of substrate 10 and substantially

As tool head 76 applies deforming forces to end 68 of body portion 60 in the
direction towards opposite surface 38 of substrate 10, protrusion 84 on support 82
resists the axial movement of body portion 60 of rivet 52 within enlarged hole 18 and
thus applies deforming forces to end 64 of head portion 56. As a result, head portion
56 deforms and frictionally engages the wall of countersink 46. The combined
deforming forces created by the movement of tool head 76 and the resistance of
protrusion 84 on support 82 also cause body portion 60 within enlarged hole 18 to
also deform into and frictionally engage focking portions 26 and 30 of hole 18. In the
absence of locking portions 26 and 30, rivet 52 can have a tendency to rotate within
enlarged hole 18 as tool head 76 moves in the series of overlapping orbital paths
substantially parallel to surface 14 of substrate 10 (and substantially perpendicular to
the longitudinal axis of body portion 60) so as to apply the deforming forces to end 68
of body portion 60. However, as the body portion 60 within enlarged hole 18 is
deformed into and frictionally engages locking portions 26 and 30, the body portion
60 of rivet 52 is less able to rotate within hole 18. As body portion 60 frictionally
engages locking portions 26 and 30, as well as the remaining wall of enlarged hole

18, and especially because of the deformation and frictional engagement of head



per pendi cular to the |ongitudinal axis of body portion 60 ad
end 68 of body portion 60 outwardly, inwardly, in an overﬁgagﬁﬂ%QEQQﬁion
and generally towards the opposite surface 38 of the substrate. As a
result, end 68 of body portion 60 defornms and frictionally engages the
wal | of countersink 36 closest the end of hole 18. In a preferred series
of overlapping orbital paths referred to as "radial formng," the nobvenent
of tool headrtits Jeowits the walkef taunpagihled6, dstwyi sadridy6saef devrentiai deelithoset t e

pattern) that epsures unjiform and nsi st ent def ormation of end_ 68 of body
portion 60.the'A’s?aﬁc?é1 |ICONRISIF IKe3 2a S et ég %@%?%W@taﬂg?lbe%x‘@]& Exed sathin hplsqy
portion 60 4kn Ll ' : ' f ? e 10,
protrusi on 13'4 %Q&Sug‘kﬁé‘? f&r@gﬁ aﬁ‘g\sﬁ&g?z“’? ﬁ?%&?ip&%v@%ﬁg}é@ ﬁ%%ﬂgﬁlﬁ)g}ﬁei on 60
of rivet 528wivembvereémicaasgabsttatd 0 kSubjacted tdsteessgsplorms!lyedoonnierg duvinges to
end 64 of head portion 56. As a result, head portion 56 deforns and
frictional %engages the wall of countersink 46. The conbined deformi ng
forces created by the novenent of tool head 76 and the resistance of

protrusi on 84 omsSHRRA tn 8GalBx gawSQFbadund@Ohbﬂeom@@ MduldrnstRpk adr@ed hol e
18 to also deforminto and frictionally engage | ocki ng portions 26 and 30

of hol e 18cylipdrioakcordipuetion isffommpdkinrfiregdoitet Sis Bele f3chagaliamptgesmaliercan
have a ten cy.fo t i t,Rin, enl ed, haql head 7, ves in
PNt L GBRPAEIbR D SILREIEDENSE PR T DS

the series 0 ver P subs | urface

14 of substnabe oIBodppstticnBe! dmfiraling/hdleBRench sibadrilliag thiroash ared tivel nal

axi s of bodﬁ portion 60% so as to apply_ the deform ng forces to end 68 of
body porti 34 663N Ppdesitaple taase faupnedly Sisbrasiadickimelate nielsrbly pesdtiorade 18 i s
def ornmed i bhdPnal! g : [ ' he body
portion 6 E%P &??%g%fbgéé 'S Pg\ség?da{]bﬁ‘%ﬁ 1cl)é Ir?(glt% a8{g gs\?\nt Pﬁgg}geﬁgﬂoﬁnb&gdy
portion 60 of biody iportainl §0. Egaddabe kamortngr pakingoplate2@staintd B0, reastswetisl as t he

remai ni ng wal | of enl arged .hol 18, .and especi al | y. because of .th
et or rmat | oRCHRETET 0bE GHES TUHg oAt if Oressadetane s BAEGbEP A [Bot  on 56
with the vwablsiQf saeiRlebeidie dRiorRE. WBLdn ASo 88AeE8LRS toRRARMIIPQAI] #RoRO W th
* smaller in diameter than that of hole 88 (again preferably using a support or backing
plate) to further minimize the tendency of fixed rivet 52 to be axially dislodged,

stretched or distorted when larger diameter hole 88 is finally formed.

As also shown in FIGs. 6 and 7, end 64 of head portion 56 is preferably at or
below the surface 38 of substrate 10, while end 68 of body portion 60 can be at or
below surface 14 of substrate 10. This can be achieved either by removing the excess
portions of ends 64 or 68 after insert 52 has been fixed within hole 18, or more
typically byrapplying sufficient force for a sufficient period of time through the
combined movement of tool head 76 and the resistance of support 82, especially so
that end 64 is deformed sufficiently so as to be at least flush with surface 38 of

substrate 10.

While specific embodiments of the method of the present invention have been
described, it will be apparent to those skilled in the art that various modifications
thereto can be made without departing from the spirit and scope of the present

invention as defined in the appended claims.



the wall of countersink 32, rivet 52 becones substantially i hxed
Wi thin hole 18. Indeed, the deforned and fixed rivet 52 tgﬂ§2&%%¥ng¥
mgrate axially within hole 18 even over tine as substrate 10 is subjected
to stresses normally encountered during use. As shown in FIG 7, a new
repositioned hole 88 of circular shape and cylindrical configuration is
formed in tpAgRis-i vet 52. Hole 88 has dianeter smaller than that of

enl arged hole 18 and extends axially fromend 64 of head portion 56 to end
68 of body portion 60. In formng hole 88 such as by drilling through fixed
rivet 52, 1it cAnmpdodder reppsitioniag gs senairingop bele, insumhtahsubstratediaving ! at e,
preferably L ool : ' ' |l e 88
is formed ?ﬁ?ggdﬁagﬁgsportf@%&%%QQ%gﬁ%%&Gﬁ%%ﬁgﬁg%qg%%mﬁggégrﬂﬁﬁ%ggﬁgport or
backi ng pl &iréace gsthﬁiseqosldantfaqeég‘itbq wibgixatel the methedwampoing e ftépsed: ri vet 52

so that it does(fot Qﬂ%ﬁﬂ%@%a{?@gm’ﬁﬁ @mﬁ’rﬁ%ﬂ-eﬁﬁ%@aﬁ?‘% ﬁm%{ﬂgﬁgﬁﬁt(:h or

becone distorted. It c esirable to 1nitia
smal l er in dianeter $ubshatei@m e figlte tiegsecengsiunfags;ef erabl y using a support

or backing plagg) t e i HiEReth Vo of 4 ri 2 to be
axially disl odgfebg, g)tnfglg{géﬁe%le?ri&%l st o?tae rS\‘AE%%E%]gtr%ﬂeér elgfl gfre eeérnYEﬁgfcg 88 is
finally formed. As ahde tBa&vrecessthaging sswalhwith at leagt aqoriddn ¢fdtelipoetei on 56

is preferably at or Ia@e&%&ﬂ@%@ﬂéf&%@%@%ﬁi—%e}q%f&rate 10, while end 68 of

body portion 60 can be at or ow surface substrate 10. This can be
achi eved eit her(y rmingig thhsewnd sysfacepsedondgeesss aints oterond 68 the t er

I nsert 52 has been f} Beie] j I ng
sufficient force for%rg%‘séa éid?:’l ﬂgﬁ{géﬂggl?%% sﬁav%wﬁ%%ﬁ%aﬁte@%gg%%)%ed
novenent of tool healls diemates larges thassthe diameter of thegpirsged 182¢; especial |y so
that end 64- is¢gef ; b Gds | | t it h
surface 38 of (sdlibsﬁérg'?gi%é fp\l}\%%llédgﬂys&egiﬁa?% %%%agg}sr@fﬁer?tagﬁ f? H?gj%er%%d of
the present inventi ofhbody pagien, ghesbeadppertion thaying| arpendypyitly erdiameter hose

skilled in the art tfgler Al S afiRRid b Uihrpdd'BEIE! Sn BRinbEsi ARG t hout
t he re% e

departing fromthe spirit and scope of ent 1nvention as Ined in

t he appended cl ai ms. configured so as to be capable of frictionally engaging the wall of one
of the recesses, the body portion having an end, a diameter sized to
permit the body portion to be inserted at least partially within the
enlarged hole and a length such that the end of the body portion is
capable of extending at least to the other recess;

(e) inserting the insert through the one recess so that the body portion
extends at least partially within the enlarged hole;

{H) after insertion, subjecting the head and body portions of the insert to
physical deforming forces so as to cause the head portion to be
deformed and frictionally engage the wall of the one recess, so as to
cause the body portion to be deformed and frictionally engage the
enlarged hole and so as to cause the end of the body portion to be
deformed and frictionally engage the wall of the other recess, so that

the insert becomes substantially axially fixed within the enlarged hole.

2. The method of claim 1 which comprises the further step (g) of forming
another hole having a diameter smaller than that of the enlarged hole in the fixed
insert that extends axially therethrough from the end of the head portion to the end of

the body portion.

10



-9 14 Cctober 2004 CLAIMS: 1. A nethod for repositioning or14r%gti)erri2@g4a
hole in a netal substrate having a first and second surface erein the
hol e extends through the substrate fromthe first surface to the second
surface of the substrate, the method conprising the steps of (a) enlarging
the dianmeter of the hole to forman enlarged hole through the substrate
fromthe first to the second surface; (b) formng in_the first surface a
first receds at IBnanctind of claime Zawharigdhe spaller diapeter iholg isyfopmed dpeng ng a

Il with I [ f i dj _ he_ di f
the. enl ar gatP K Broo@ R i porgoniet v b&bEution of Ak bxed Baebaad wé?&?éi;t "the
th d of. i hol th d hay] dowit t
Ceast o portPanosrion BLAR bR Eer i (iFs3Ea At Ce%ﬁ?%ﬁﬁil@%m%#e%@néﬁg{ ot ged
east a poftfdf afet PaRetErTa
por 1 on adle By e {gKoH Bl R AETRR R R ERE bl 0O 7 e e

| arger than the dianmeter of the enlarged hole, and being sized and
configured so as to be capable of frictionally engaging the wall of one of

the recessgs, thRe BRthodoOr ElbM 1N2\6rMOwABred the éhlsHzaBbRY hay Z 8@ iddRicaPer m t
the body portion to be inserted at |least partially within the enl arged

hol e and acdrdiggtdtiosuch that the end of the body portion is capable of
extending at |least to the other recess; (e) inserting the insert through

t he one recess so that the body portion extends at |east partially within
the enlarged hole; (f) after insertion, subjecting the head and body
portions of. t heThqmethodief anyysi afdhe gedcoding edpithe vdwseis theadiatmster anfiske t he
head portion tq be_ deformed and frictionally engage the wall of the one
recess, sovadof e féréh%eéeasrﬁ@)%waﬁﬂwméwdlwcg@n aepp figaythgdfirst farkees ohal | y

engage t hethe substrate and towards one end of the enlarged hole and wherein the diameter of
the wall of the second recess tapers inwardly in the direction away from the second

surface of the substrate and towards the other end of the enlarged hole.

6. The method of any one of the preceding claims wherein the enlarged hole
has formed therein a pair of opposed locking portions that extend axially from one
end of the enlarged hole to the other end thereof, and wherein the body portion of the
insert within the enlarged hole is deformed during step (f) into and frictionally
engages the locking portions so that the body portion is less able to rotate within the

enlarged hole.

7. The method of any one of the preceding claims wherein the head portion of
the insert has a tapered configuration sized to be similar in configuration to hat of the

recess through which the insert is inserted.

8. The method of any one of claims 1 to 6 wherein the head portion of the insert
has a frustoconical configuration and wherein the body portion of the insert has a

cylindrical configuration.

11



enl arged hole and so as to cause the end of the body portion dQohe 2004
defornmed and frictionally engage the wall of the other recess, so that the
i nsert becones substantially axially fixed within the enlarged hole. 2. The
met hod of claim 1 which conprises the further step (g) of form ng another
hol e having a diameter smaller than that of the enlarged hole in the fixed
insert that extends axially therethrough fromthe end of the head portion
to the end of the body portion. 10 14 Cctober 2004 3. The nethod of claim

endl port1 o of - TRRTENEY GorY iBR Brihe REcrREa e S B dostiongl o

novenent of _t. fi iR LS Lst [ f or mat i on of e smpl | er
di anet er {?gllgs yﬂ%%ggﬁcﬁ%?génﬁhp%‘%rgﬁ h%gtglgr‘?g‘tHj he obro(rerlgdj oﬁté%ldexg%l}({si on°St the

fixed insegls oo e %lggn&{vﬁ%{arﬁgggﬁ{sh%ﬂ%ﬁughg kO fhaLgeds hol e

has a cylindrical confrguration. _ one t he preceding
cl ai ms wheghginddy Bsnﬁhqweediréafim]{l %w&fﬂh@f@bosi@s&gaké Bf&l?&ﬁﬁr%tr&t%ﬁﬁﬁi?e

inwardly in the direction away fromthe first surface o t he substrate and

t owar ds onesitflg @kial i venkar ote Bod epafidn vhgieie echhescdipiet er of the wal |
of the second recess tapers inwardly in the direction away fromthe second

surface of the substrate and towards the other end of the enlarged hole. 6.
The net hod of any one of the preceding clains wherein the enlarged hol e

has f or medlQ.her €hexmathodiaf apf onp pdseaipieoeding glapos whores theand exfttentiodi al | y
fromone end of the enlarged hole to the other end thereof, and wherein

t he body peattippaf gie inprst isilesedad dyring step € beml taplglectdibitanoesdefacieried duri ng
step (f) into and frjctionall engages the | ocking portions so that the
body por t i BYFTRBPINg Lebifp) pat subgeniialy perpicuiE to dhe dngigdinal exis pf the

met hod of any one of the preceding clains wherein the head portion of the
i nsert has tpfﬁtéqned configuration sized to be simlar in configuration to
hat of the

11.  The method of claim 10 wherein the movement during step (f) of the tool head

in the series of orbital paths forms a rosette pattern.

12. A method for repositioning or repairing a hole in a metal substrate having a
first and second surface wherein the hole extends through the substrate from the first
surface to the second surface of the substrate, the method comprising the steps of:

(@) enlarging the diameter of the to form an enlarged hole having a
cylindrical configuration through the substrate from the first to the
second surface; |

(b)  forming in the first surface a first recess at one end of the enlarged
hole, the first recess having a wall with a diameter that tapers
inwardly in the direction away from the first surface of the substrate
and towards one end of the enlarged hole;

() forming in the second surface a second recess at the other end of the

enlarged hole, the second recess having a wall with a diameter that

12



recess through which the insert is inserted. 8. The method ©f oaBYer@n84 Of
clains | to 6 wherein the head portion of the insert has a frustoconical
configuration and wherein the body portion of the insert has a cylindrical
configuration. 11 14 October 2004 9. The nethod of any one of the preceding
claims wherein the body portion of the insert has sufficient | ength such
that the end of the body portion extends beyond one end of the en]arged
hol e and wherein st effPe)inyardsapy the dirgghongway dom i serendepiiase ofithe body

portion in the direction towards the opposijie.surface of the substrate
while resisting axi ?ﬂbsméﬁ@m‘”% ngﬁﬁ&gﬁ@‘yf‘b@ﬁ? F‘E}ﬁrg\ﬁﬁigﬂkeh t he enl ar ged

hol e. 10. The &hod of oy o:ﬂ%e, 'Oflt?if %i%?edi Faﬂ lehm; wh rehn t he end of
t he body portingr% ofplioﬁéll?%gg Slf’%} MR ath® dwg %Vlf‘g)aekbeﬁ PR  head
that noves in a seri % I } . pat u i Yo .

per pendi cul ar to the%?%lngi %??gﬁlg%x?éﬁo#ﬂ%tﬁcgﬁ aggd;ﬁl g%#fiq}c%&&lilwﬂq'h% met hod
of claim 10 wherein e Ngsat f t I kn the
series of orbital pa%sﬂgl_dggér{lns%lgﬂgr‘gggnf eﬂ%a?'?aedr .OI{EZI% !%@ﬂr#et o(gl?’?grg _Of
repositioning or repgidiohdllylerdkifg the Bpdfed Mall 98BS 6%@r&%¥§e§‘ﬁn@ha\fiﬁ% st and

second surface wherein the hol'e extends through the substrate fromthe
first surface to then eetwitl asdifitheteclabfer i teldsdni@teof theent@EbdHole,
conprising the steps of: (a) enlarging the dianmeter of the to forman

enl arged hol e havi ngtha beelyl portion &aving anféngy n alidnoetert sizalutghpering theibedy at e
fromthe first to the second surface; (b) formng in the first surface a
first recess at one portionfto bpdnseriedalgleast pavially withan fthe enlarged éols 4mshva ng a

wal | with a dianeter_ that tag}ers invvardI%/ in the direction away fromthe
first .surface of thiengisyeh Hobthegad of by rardordagrble 10k cxiendingetl hol e;

(c) formng in the siacond surface a second recess at the other end of the
cast to the other recess;

(e) inserting the rivet through the one recess so that the body portion
extends at least partially within the enlarged hole;

® after insertion, subjecting the head and body portions of the rivet to
physical deforming forces so as to cause the head portion to be
deformed and frictionally engage the tapered wall of the one recess,
so as to cause the bedy portion to be deformed and frictionally engage
the enlarged hole and so as to cause the end of the body portion to be
deformed and frictionally engage the tapered wall of the other recess,
so that the rivet becomes substantially axially fixed within the enlarged
hole;

(g)  forming another hole having a cylindrical configuration and a diameter
smaller than that of the enlarged hole in the fixed rivet that extends
axially therethrough from the end of the head portion to the end of the

body portion.

13.  The method of claim 12 wherein the enlarged hole has formed therein a pair of
opposed locking portions that extend axially from one end of the enlarged hole to the

other end thereof, and wherein the body portion of the rivet within the enlarged holed
13



enl arged hole, the second recess having a wall wth a di ameyehbhabode 14
Cct ober 2004 tapers inwardly in the direction away fromthe second surface
of the substrate and towards the other end of the enlarged hole; (d)

provi ding a physically deformable netal rivet having a head portion wth a
frustoconical configuration and a body portion with a cylindrical

configuratjon, th ead portion bejng a capable of frictionally engaging
t he t aper etf SHAFTS f‘R‘B‘Hg SEGP hinte %‘Eiegrgé@nﬁﬁﬂe%’é‘%%@e lagking ROfHOR: S thaf apret er

| arger thap the di ter of .the enlarged, hole he body portion having an
end, a di aﬁéb«gﬁygi’l?*@a‘% sgah qrof%%wggﬁﬂhe B%}F‘E&eéﬁ?oﬁo be inserted at |east

partially within the enlarged hole and a Iength such that the end of the

body portion is capable of extending at |east to the other recess; (e)

i nserting i/f‘.e r jf}{@tmétﬁl{o? Pg Riahf e 2BE lﬁe\ﬁﬁft‘ﬁinsﬂlgt %ef“;}?f’? UYnP et 9s

extends at least partially within the enlarged after insertion,
subj ecti ngsdfﬁ@iem%ﬁgtﬁ@dcmqﬁ/mg%& PR Etfdytﬂgﬁtidiﬂ ¥8Ends beyW SieCéld fFahor M ng

forces so as to cause the head portion to be defornmed and frictionally

engage t heerlaped ddlevwald whéreinh@e (B i§ @8£%RE,out 9 18Radifg CiISR] bhehdBdyy por tion
to be defornmed and frictionally engage the enlarged hole and so as to

cause t he portionfin tiedibadipnpowhidsnhé oppssitedatfacaratithendbdtratewhdnakisiingngage
the tapered wall of the other recess, so that the rivet becones

subst ant i af¥igl raxyeameny of thg bddypertion withén thelealagged hobwl e; (g) formi ng anot her
hol e having a cylindrical configuration and a dianeter smaller than that
of the enlarged hole in the fixed rivet that extends axially therethrough

fromthe e of the head portion to the end of the bod ortion.
{léj T1t1€ methog of Feiny one of claims 12 to 14 wherein the end o>i/” tl?e body portion

of the rivet is kneaded during step (f) by a tool head that moves in a series of
overlapping orbital paths substantially perpendicular to the longitudinal axis of the

body portion.

16.  The method of claim 15 wherein the movement during step (f) of the tool

head in the series of orbital paths forms a rosette pattern.

17.  The method of any one of claims 12 to 16 wherein the smaller diameter hole is
formed during step (g) through the end portion of the body portion of the fixed rivet
and wherein axial movement of the fixed rivet is resisted during formation of the
smaller diameter hole by placing a support against deformed head portion of the fixed

rivet.

18. A method of manufacturing or repairing a metal component including the

method of any one of the preceding claims.

19. A method of manufacturing or repairing a jet engine including the method of

any one of the preceding claims.

14



13. The nethod of claim 12 wherein the enlarged hole has fq@qggnﬂﬁg%?hn a
pair of opposed |ocking portions that extend axially fromone end of the
enlarged hole to the other end thereof, and wherein the body portion of
the rivet within the enlarged holed 13 14 Cctober 2004 is defornmed during
step (f) into and frictionally engages the | ocking portions so that the
body portion is less able to rotate within the enlarged hole. 14. The

nmet hod of claim 12 or 13 wherein the body portion of the rivet has
sufficient_length such .that the end of the body portion extends beyond one
end of thez(!"enl érrﬁﬁta %Ftéatawﬁ}ommfﬁcfgﬁe@ﬁ r?%ylflglué%?rtg? Eﬁ%&t‘&@w Qﬁ%adi ng
the end of fae bod 7portion in the direction towards the opposite surface
of the subt¥ars J1e resisting axial novenment of the body portion within
the enl arged hole. 15. The nethod of any one of clains 12 to 14 wherein the
end of the body portion of the rivet is kneaded during step (f) by a tool
head t hat Vesal J i QLT pi bj i-ally
perpendicu?gr té‘?ﬁgm%§ﬁ5?§3 |%g€z§§#%£o?ﬂgﬁ§£ g%%% g%%??g%&p%%ag 12 met hod
of cl ai m Lincaes feindthsl SUMGHRBIf BMirhq1DtSteep (f) of the tool head in the
series of orbital paths forns a rosette pattern. 17. The nmethod of any one
of clains 12 to 16 wherein the smaller dianmeter hole is formed during step
(g) through the end portion of the body portion of the fixed rivet and
wherein axial novenent of the fixed rivet is resisted during formation of
the smaller dianmeter hole by placing a support agai nst deforned head
portion of the fixed rivet. 18. A nethod of manufacturing or repairing a
nmet al conponent including the nethod of any one of the preceding clains.
19. A method of manufacturing or repairing a jet engine including the

met hod of any one of the preceding clains. 14

15



14 Cctober 2004 20. A netal substrate whose manufacture or eRdhfer2064 udes

the nmethod of any one of clains 1 to 17. 21. A jet engine conprising a

net al substrate whose nanufacture or repair includes the nethod of any one
of claims 1 to 19. 15 METHOD FOR REPGCSI TI ONI NG OR REPAI RI NG HOLES ABSTRACT

OF THE DI SCLOSURE A nethod for repositioning or repairing holes (12) in
nmetal substrates (10) such as netal conponents used in jet engines and the

like. The hole (12) q&)ﬁ? i r j I i rged and a
recess (22, 46) is ]??rq(r?e %{{ eac éﬂeﬁi@%&%@@rﬁ@?ﬁ@%ﬁﬂ@ (18). A
deformabl e nmetal insert (52) is then inserted within the enlarged hole
(18) and t SAE1 t @gt forces so as to cause it to deform and
frictionally enggggﬁi ﬁgﬂzvgﬁ@slﬁ% , 46) of the recesses (22, 46) and the
enlarged hole (18) so that the insert (52) becones axially fixed therein.
A new, reposi t omethodhfor ecif@@jontrenot hepairing Ralesreld)iin hétgl fubseskes Isey t (52)
that exteggls O Rbond e WEEDEP ﬁ'&hengﬁ{eg'ang the like. The hole (12) to be

repositioned or repaired is enlarged and a recess (22, 46) is formed at each end of the

enlarged hole (18). A deformable metal insert (52) is then inserted within the

enlarged hole (18) and then subjected to physical forces so as to cause it to deform

and frictionally engage the walls (32, 46) of the recesses (22, 46) and the enlarged

hole (18) so that the insert (52) becomes axially fixed therein. A new, repositioned

hole (88) can then be formed in the fixed insert (52) that extends compl'etely

therethrough.

Fig. 3
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