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@?ﬁ@%@ht@@&lﬁ@Nw@&RR@Bﬁéﬂﬁéﬁ%&obﬁﬁ 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

flange 3. Qdig 7723%%12%}13&%9‘389&@5%8 Q' e, Lo % \%“f]ﬁ 1RIRsR e ﬁéﬁ%k by

bolting the§ée't using ole es are
drilled or imjdtenginsewherenhel fambladmsknrantcmhtedmrpmmaﬂable disle @he farobledef t he
hol es can m sl ocated, m sali m .sdr or da d durin asserrbl y
of the compBhdAYS 9BF WUMPHgt? g8.0Y pﬁbwlé%%ﬁges o alieATE lfloﬁpﬁ‘é&‘ﬂig rfeltofese -

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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14 Cctober 2004 conponents can be subjected to stress durlng1@§@bgﬂﬁ,¢ear
away or deform This can |lead to renoval, discarding or scrapping OP
conponent where the m sl ocat ed, nlsallgned msdrilled, or danmaged hoIe is
| ocated. This can be very expensive, especially in the case of certain
conponents such as rotor or conpressor disks used in jet engines. For
exanple, in the ¢ é@%li bl aded rotors, substant aI e pense has

inte
been i ncurFBﬁ'pB’i‘?r’gsrcat“ jSBB eSS SHPBH BSh A e ZPRY OF gl y, -
as the valug @f rddifal, Qﬂéc‘éhﬁ%@'or as2epRL Yof t’ﬁErc%?rrﬁf%ﬁentt \Qﬁergﬁﬁg'n'i‘lsf?)fcatﬁﬁr or in

nachi ni ng and 10|n|ng t hese conponent s toget her becones even nore
critical. IIInSEtHg@etﬁxaEllsdrlﬁcd;mrnd@h&gﬁdtfeﬂf; Isnlemtadgnems cansly ivktyeelxpeasiveanaged
hol es were s repa red. by wel din wel di ng and supsequent
noat tr oat FUREATY M PGSt o] S PRIEP el ROPIoT ok AOBHTSEY dhde s5vcE

di stortionjQfengites, CPHipéb&ﬂﬂﬂe iR$h\@sk of Afteg@all POlEEd %oﬁshﬁlb@ﬁhﬁél @Eh&“e
capability of a conponent t hat can be subjected to high tenperatures and

stresses dlifs hegnuiseurragsprios te g&pnmalthglcqmeor@atﬁetoeach pibey. epcamndingly, as the
conponents..j 9 éfht;%e ﬁ‘&ﬁ%a@éle ﬁs% 8l éﬁmré?eaé‘és 3 d %§%lﬁ r?ﬁhfﬁgcﬁt 121' gﬁr%:n‘ég% deuch

fracti on ganmna super ar I'oys,

al l oys ar ejcnﬁing\mésdabingondﬂlﬂ;lﬂogahsﬁb’e@bmeﬁ@s&n%@@|{:t'1ﬂ§a1 Anot her net hod for
repositioning or repairing such holes is described in U S. Patent 4, 953
777. In the nethod of this patent,  as. parti.cul, arlé shown in Fi ?ures 2A-

and 3, hole 19 t%ﬂb‘aep%%p%mélasliogatﬁ%crmswé@eeoﬂas% feplefanager; kalesnyerey
h
renove t hes&ﬁgﬁmeﬂu@g{réd %nwﬁﬁﬁn\ﬁ Oﬂe{vevard\%efa;dgeélﬁdeﬁbééqgt@gbl{égl @Me%te{?%@ Snoot

finish. A net I ng 20 ng a cohposition co € netal
conponent  begiosigionroe pegairettic heletdap rwausm:smldbmbdl dmtorttolmaf tentamgednt)ak evelld. The
outer di aneter ovi de, a cl th the

ned_t t
enl arged héfé rfgucul%ltp%\ﬁ%rt?é f?'ﬁ%"?r ‘f"ﬁ‘pﬁ 181‘ of B??é’ﬁ{pﬂ@enédh?trﬁ%q{eh%‘ Bﬁ?FEg Qed hol e

19, netal medhdefiperibure$ ahd'§@Ec@IdhiOude 85 W@?idﬁﬁy th)é)%'erlgtﬁ@iettéhgme
resul ting assenbly heated to cause diffusion bonding of bushi he

conponent mewt%s@ethmgsemf cemaEn n@ﬁi@ilaéléyaﬁwhmrhﬂgfewlgmmfmcnemrgmmat 0

provide th e of theoe bushi.ng, 20. Aga
wel di ng, ﬁnﬁ u%llta%er%%gge i ﬁballg StREUEHT ﬁ'gd dng}'Eo&? é}lﬁbgq%'staﬁ? Lﬁ’?@ﬂbrcan
cause undeﬂIJé&ﬂs_tra(ﬁlsgdHrhdkﬁﬂg of the conponent.

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.



-2 14 Cctober 2004 A variation of the nethod involved in U.

4,953,777 is to use a threaded or flanged bushing to reposﬁa?gﬁﬁﬁgkpgpair
the hole. In this situation, the threaded or flanged bushing is held
within the enlarged hole by frictional forces. However, the use of

t hreaded or fl anged bushing may not be possible those situations where the
hole to be repositioned or repaired is relatively snmall in dianmeter, where

the area where 4 hariligdre of ahd endtefd $iviolvedeih UrS.r Pgantr 8958377 dbavinsely smal |
or both. Also, threaded or flanged bushings are frequent]y held in place
by green t daradgdl stlanesd bushipg 19 CRORIQTE 9T FoparT Btk ern (igsIBAEP ]I how t he
bushing to yp t L a4l b Lhin I ¢

repositi onit}%]g%gctf)er%l (?reggﬂll%dn%usyu& lsh%?lggﬂ Elggdg%gﬁég%e@eﬁ%lg?%% {ggtﬁletr"]otrces.
5,111, 570. Howdveg thetdead thfealidd or fhatgedbyushisg may tiocbe aodsibls tmaasimtibhgur es

2-4, an enlarged hole indicated by 5 is forped such as by drilling in
1 ange 3. * RUBER the SPlfo beaopasyRse OF BRaicy ¥ Tl s BatreHan i bhEa  or ge

j oi ning pr%?e%%ﬁerl’:ﬁh%g@lleit@%eféﬁégitﬁcgﬁgg)rgn re@fis tSHRIYImal We oty WRger and

| ower punches 9 an that are shap positioned to pronote uniform
heat i ng andhmdedel omflarged dfushingg a6 frvdrendy theid irf place biysgreappack enkelds/ thatinches

9 and 10, the interface between plu nd th |1 of enlarge hgle 5 is
ocal |y hedidea R fhearbager e mragerels rukunesS matvdarely vilef 2 ' .
| ocat ed on thothesi des of flange 3 can be machi ned away, |eaving a snooth

flange surface that can be redrilled to provide a new hole 13 of selected

position and dianeter as shown in Figure 7. Again, |ike wel di%rl?, and

di f f usi on bondi ryfothrsansthed &7r reperitigningyocienaicagsuch haksily descdred igr¥don of
t he conpon . hti i e t-hr : j; l,ug 6
can be subﬁ%cetm? ng;&?gl I%Q/eeiﬁgﬁ}%d%fttﬁllgﬁg%ﬂﬁgrs Sg@lc%i)ﬁ%@g@g“@ﬁ:p 1@i{:}r‘c;rsﬁﬁai‘fter
t he renovalan@hldrfel i€ asticarmiter § & fotried Anhas diyrigillyng int flange 3d Rbpsir phig, e,

therefore, to provide a nethaod for repositioning or repairing m slocated,
m sal i gned,0 i¥iRogitioneédn e@@rg&éﬂ&feé 6/16<n £ {oTE RERITPIRE it PRRLEN be

bushi ng, o B O g b P B e e A e
reposit i onipogitioned eppromotys urti fremhindading andl dethiodticnvei meg 6r Whild thisfescedxi al
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.



mgration of the insert used to reposition or repair the hQHnydﬁx%ﬁo4

Cct ober 2004 SUMVARY OF THE I NVENTION I n one aspect of the present

i nvention, there is a nethod for repositioning or repairing a hole in a
nmet al substrate having a first and second surface where the hole extends

t hrough the netal substrate fromthe first surface to the second surface of
the substrate. In this nethod, the dianmeter of the hole is enl arged

t hrough t hREUMMARY QEJHE BNVKENTENt he first to the second surface to form

an enlarged hole. A first recess having a wall with at |east a portion of
its dianeter larger than the dianmeter of the enlarged hole is fornmed in

one surface of mhenebedt cTURSpreadt idtendbs, Bod 9% h&Bod € Rp&EELHRS 6r A
second recess having a wall wth at |east a portion of its dianeter |arger

than the dicBH#ERSR hofe Inpmetal spbstaterhsving ssfissh prbsecprd syréacgtwhere thertole e of

the et ol caubistalhgn B 08 AhARE. 80l A SIS, BULALIGS DOk AU ool |y

def or mabl aving a I"on " an eprow ded

and is i nsabttede.t hir i@ hnettie], the@l%ﬁetﬁtoioﬂ% kole i9fenlafgedetbr@iptiethehatbl so t hat
the body portion extends at |east partial Ify wi thin the enl arged hole. The

head porti %‘hs"éﬁte tﬁl‘?gl thefupt tor{he sepemd ﬁHff%ettﬁ arm @n gparged holg: dfe first weaest he
di amet er Oﬁ a\]';v %t YE%Ltea R&Q%HIO% 1?8' {ﬂgtgl]g ﬁjargé‘}ntfn{ng 'tﬂee&iiaﬁl%ter %? t]EﬁO] be
rlc i ona g o] of

capabl e of y engagi e wal one € recesses. e body

portion oferﬂ:hged hekr is foasicdrin end, surfade afethe rmé&hlz aubstraxepar ¢tiet end of ehde
I nserted at ggﬂ_‘ partially within the enlarged hole and a | ength such

that the e worﬁbrqcre%ﬁrhwg & ¥3Hpyigh a'r lees@taemﬁﬂﬁ@ o&ﬂsﬂe%m@telt o the
ot her ' €Ce3rrer 'ﬁia@n%e'd?éﬁét@:ﬂ 8 h g&f“ﬂol%nlg fgﬂgé/d npﬁlretﬂﬁgl'ssu?%cé Ia? t*@sert

are then subj ected physi ca forc SO as to cause portion of
t he insertmefal hibsttattat tedotherderfdr ofcthe enlatdeyl oy @9 ehydiellyaiefornfablen@etane
recess, SO as, to cause the bod qc;/rtlcm of the insert to be deforned and

frictionalP§FrehfyaRes hRad PuHR Qtigh i rrgvided apdl isdpsseted flrougyorg t he
body por { i @fesk 0t R AIObMBAL Bfirach Mo 56Nk me%&?ggor; Afthiis Of 163 ot her
s [ xe e

recess so that i1nsert becones stantially axia thint
enl ar ged I‘pzﬂr‘eallyAwrtbm the epbsgddi loie dl e hafaelgmrm(adoﬁdieemkmt/hamgaraendjwah&t er

orel | er el of hheuenlsrged hol & nay Lhen b Lor e p e e |

to the endasotfa Be&apable 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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body portion. According to another aspect of the present |r1\4q%tb}9é?,205)fnere
Is provided a nethod for repositioning or repairing a hole in a net
substrate having a first and -4 14 Cctober 2004 second surface wherein the
hol e extends through the substrate fromthe first surface to the second
surface of the substrate, the method conprising the steps of. enlarging the
dianeter of the to forman enlarged hole having a cylindrical configuration
t hrough t bezosdibsfacatwhefaimthethote dxtersls throughthe selemrate fath ftlee fist ﬁmfaa&'blﬂg in the
first surfgce a fir aﬁﬁ?lﬁﬁ at one en f the enlarged hol the first

recess havt e%tor\?élaql sirate: He method corapasing | 81oy: §nreing thl‘i’ rection
away from Hﬁﬁlefe'r loF thSt fo% énlér?@d gb'llasf{aﬁfﬂl? eﬁ%dnkgl"@fn@i%uﬁﬂgn the
ond surface a

enl arged hole; formng e se second recCess at e ot her
end of thetlmrduhst@dﬁhm m;: ﬂrbtetosthccsmmmesuﬁa& Heawiing im theafidst wirfdvea ﬂ]l‘SﬁlTEt er

that t dl t f th f th
SUbstrat o S & Saa el Of s ol il oF Teviacunt Ages s LB AR g a
physi cal | Yt}ﬂﬁfa%ﬂ%ﬂ%ﬁrdﬁeﬁﬂhe d&ﬂe&% m,; ROmAnbeRsl s‘&ﬁﬁ& ﬂﬁé" u st?ate

frustoconi cal configurdation and a body portion wt cylin rrcal
conf i gur at foavardstdne ehéaﬂtlpwniargﬂdhméa higmeEng apihblsecont strfaceta seoedd fecemgagi ng

the t d h d th,_.a dianeter
| arger e natie s il atfie Platetd ot o ral fsrs baihs oty BOR & GATREG| g an
end, a di afRt @pers imPHdlyAn tREdActiod Qﬁajbﬁgﬁﬁ tR® Eédoﬁé? sﬁr@acla%f seblede gﬁd | east

partlally within the enlarged hole and a Iength such that the end of the
body port i tpwards thaptisk endbt thet entadigerhhele; proasting mphymcallmde@mmrabtaemstal

i nserting t. rivet .t hrough the o reces at th ortio extends
et I g erd Porton o £ B bEpoRaT e migrion MG e PR oG B | e
the head andylhanital RHhARS, OtheIhEQi }?éﬂﬁ@ﬁ b%ﬁgwya%hﬂelof%&%ﬂmlwngégﬂ S so as
to cause the head portion to be ornmed and frictionally engage t

t aper ed walbe teferediwald néomfe@%tbg re@@seagnd bang se enthavithizodigmeter larger than be

def or ned fr| nl arged hol e an as. to. usethe
end of thgph% %%rr ee %rgS‘ggg%f %’P %Sgy Bﬂla%fl&‘lawg&ﬁaﬁngya HORHE S{Zﬁ‘g  aper ed
wal | of t hperﬁiith:ﬁé bb@ﬁ@@ﬁon $Obé fabrdd@ 16dsy partiRIGE GiRm thbalaARliRId Mdexi al |y
fixed within the enlarged hole; formng another hole having a cylindrical

conf i gur at ieBghagh éh?ﬂlthfhﬁlﬁcb pf ﬂ@nldeYeI?OI’tlmw eapableatt extending atrlgesd thdhe in t he
fixed ri Ve&th&%&es@ﬁh?e@ﬁ&g @8R t%rough 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
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t heret hrough fromthe end of the head portion to the end of14t@&01$%04
portion. The nethod of the present invention may all ow m sl ocat ed,

m saligned, msdrilled, or damaged holes in the netal substrate to be
repaired or repositioned wthout the use of heat treatnment that can cause
di stortion or degradation of metal substrate. The use of the defornmable
netal insert having the head portion with a dianeter sized to frictionally
engage t hesunfaké obthe amtalahbdttate, alngsHadstht endreflitherbodn portion A thinsdretha? 004
surface of the netal substrate, along wth the end of the body portjon of
the i nser tiScAgable 9 pranegito fiactingaliv prgage the walf of the oBRropSSIAERgE t he
wal | of t I S in : te, may
al | ow thehlﬁntg%??{ e{ 8 e sou%tg% gﬁfs;[@itrgter §/II & %@Hq‘;‘% 1?#%%%\;\] %ﬁgﬁﬂ?ﬂg}%ﬁ{ﬂﬁ ged

hol e. As afixelswithin theeenlangel holeeAds restiltt the mhgtrateadaxbatd ynigratet fiiglyt he

enl arged hol e, even over tine. BRI EF DESCRI PTION OF THE DRAWNGS FIG | is
a parti al ‘ﬁ#ﬁ‘ﬂéﬁe? Prep g?]le,‘,qvgwog?rtgnﬁet al substrate with the hole to be
repositioned or repaired having been enlarged by an exenplary enbodi nent of
the net hogrpfr brsCRIEBEN OFVEBRIDIPAWIRKGS 2 is the partial broken top plan
view of the nmetal substrate FIG 1 after formng |ocking portions in the
enlarged hole. FIG 3 is a side sectional view taken along line 3-3 of FIG
2. FIG 4 is aFl&.dds gipesiabbrokerctopaiar vialylod aimetelrsubtral withite hdle tabhale
sectional vi ev.\ﬁiof dFI G 3 gfter t he def]or rT(EBI e net al 1i nserbt hastbiiﬁ

i nserted i WPSTHEICH SPYEY Bime OEpEhlaerd by ig eHRIAL sMPsARIt F6 Y Fi G
S show ng hBBodBY HeGrésehtdn¢&tionei ng applied to the insert after insertion
in the enlarged hole. FIG 7 is the side sectional view of FIG 6 show ng
the insert fixed within the _enl arged hol e, as well as the new repositioned

hol e formed in ¥k % isxthel ppigk proke lapyieyEotthermetal et INVERF ON
Ref i - AW El i f I b
ef erring %&%@q?&@%&%@ﬁt&eﬁl@% 1ed portion of a metal substrate

i ndi cat ed 0 conporrent such as a nozzle support, or a rotor
or

FIG. 3 is a side sectional view taken 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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conpressor disk, fastener attachnents, or the like that hassandsd 9684 ed,
m saligned, msdrilled, or danmaged hole 12 requiring repair or
repositioning and a first surface 14 October 2004 indicated by 14. As shown
in FIG 1, hole 12 that is to be repaired or repositioned has already been
enlarged to forman enlarged hole 18 in the metal substrate by drilling,
boring or simlar nmethods known to those skilled in the art. Wile the hole

that has hgpateamyauged shewher Fi@N, aokeld thel ie tdBe fpaired 6f repodidsnediiape so as
to be cylindrical "in configuration, the nethod of the presenctirﬂi,nvention

can al so bdraadpbieeneniasped fo form ap splasgedibele Hoindle mgtal subssietrdhy drilling,

configuratjons, includi f | al, -
el liptical ?Or}n&ﬁwgaﬂarrer%{lg%&gsﬂﬁ% g%,“ﬂ@%%%@@? gﬂ@%é@' n\gpg‘? g‘llggiofeotggts&\ér t he
like. As ab&a enlueydd tbformtenldrged holeddsms 2 2ircslaf shrape do antoshir dydindridal imt one

end of hole 18. While recess 22 is typically forned afiter enl arged hole 18
i s forrred,CQﬂf’@W%@ﬂtql'iém%tFOdd}fdé?P@Fe“F Vﬁﬁi‘?‘b%a“i "35(}1@)‘? usedit® FPRI T As shown i n

FIG 2, en%egggggn E@lefhat “#@?‘gpﬁc’g‘%?gia In@GhASEnS MRs@NWhSre thy BhapRlof YhebY

mlling ho orma pair of opposed, typically

ear - shapedhdledkévad eplipticaly nsunded eacthngOlar, THé sere¢rogirpedympdinl¢ obss ovbeand 30
extend axiaglly typically fromone end of enlarged hole 18 to the other end
of enl argerfhoIe 18. As shown in FIG 3, recess 22 conprises a countersink
32 that is connected at one end of enlarged hole 18 and counterbore 34

connected at on&sqnd sQbhwn GOBIE.8! §idekss3R ik Hadmedxheotdscd bt stnband ofAolef net al
substrate 12. The purpose of counterbore 34 is typically to_receiye the

|
head of th&8f a¥fhélnerccessch? as typigdiv fymed; #tarnenlarggd dwlg Héo‘shfﬂr@e‘ivzth&nd to
al l ow the head .of the ) 1o .l j.ag (] e e r 14,
Accor di ngl 9?‘%?“131' ?551?5’8{ ﬁ)&%‘gg&{ %:Sorﬁorﬁtcgﬁg%'r e‘&%%r?wﬁlelﬂolgﬁ %hg@%gﬁamfeeaﬁishod of

the pres entﬂohgafz@@h&r@sb ordSaxid) oypgically Uyl GilBng hble 18; soretae holof! 8t tocfommlal paf
countersink 3 [

tapers inwardly in the direction y fro urface 14 and
count er bor ef gEpasedl typigeibaearshapsdrigcigng pertons %5 apéwﬁﬁé}?s‘? igc?(glgcm%‘@t ed so
t hat the di wald, t | h-Sed he &d
closer to 2@%@?2 G%Efmg%glaﬁaﬁlggrmg?y@h(g{e?ﬁlgI%ggeﬁﬁg%etdelg&tgggrﬁ%ﬁae (§Lt8. As al so
shown in Fbfenldrges hbkt ISatds sidwnds FiGo3 reces¢ 82 complisesur doanterdiniip2 tabth by 38

Egﬁ;egs Zd gggqnqﬁgdggéqe ier?d 53 én?&%?c? hci)lg l%ha%dfcgat??eﬁaforecg&j Qénexlregéeglét 8% Lpds 1 s
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



end of hole 18. As also shown in FIG 3 and |ike countersinlg 34obd-RB04

di aneter 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 dianeter of the -6 14 October 2004 wal |l of
countersink 46 is larger at the end closer to surface 38 and smaller at the
end of hole 18. Wile countersinks 32 and 46 are shown in FIG 3 as being

of sini| ar wal ofcoyriersinkott rlerger atbe end cloneryio surface Foawsbsmpliatiaf the ensh
confi gurat Iogﬁ%ﬂ?agg% dg&@%tcﬁhgﬁ\r’\glﬁk@% afiERG L} Q’%x{}n f?sfrq?fd]% H?ggﬁ?lg oqfsiréggrma de

r
present inv ows an itnsert 1nthe formo vet

froma ph%d}xﬁ?%;ﬂrértiond@ﬂcd(lﬁmbﬂcﬁ tH8 8dn alselbb o gifferantcdonlighased angididmdteke

| nco-600; which, as shown in FIGS, is inserted through countersink 46 and
wi t hi n hol avithgut depagingffom thepnethod of thgpeessnt ipyspdions2 has a head portion 56
and a body portion 60. Head portion 56 has an end indicated by 64 with a

di aet er 1 ar ger gi3ag e, HnATRLETin the Fborh RAN idePLL AR Lhm o BGsityRy cal Iy

nost of, the dianeter e wal l countersink 46 so that rivet
cannot be defentidd maalplsetteby atdiclaldhsedainetall 8ke Ascaab@l) whickynasi shownGsr 4 and

5, head i on 56 h t d, .fruyst ' fi tior tj
Syoi cal | y” EiGat Bow i ope cousieisiny 48 pif PAPTEbolE o 21 PRI B B i ni
46 so that ah& sfﬁ%el% AN 2308l Pottidnss mﬂaén b&ig p&flBRGOr $dak phBiosansd et 52

Is inserte As also shown in FIGs. 4 d 5 body portion 60 has a
cyl i ndri caknd owli¢agrsr by Hémwithhatliamestarypigenthag the diethetas afat &fast hpogigreoior

imlar diangeter hol _that b i.on 60 d .
ot o 1 e R B e, BRY S Pl 3998 Bk bi0R
rivet is iog@ok86linsbded efely thidigh Hole PRAKs ARG IShown GOFIGS 4sanidfs, deadt

length so that its end indicated by 68 extends beyond the end of enlarge
hol e 18 andortiongScdwa attenessds kiugicenicglaerbgurabon hat isHpmpalbnsirgddo bs ofghg/si cal

forces are ) ' ' | t ed
over ta cshRED; RRRl: S Ak A nia it 4P 1P ITP Rt bt B NP BE | OC
wal | s of ceumiterBiknds when ahdt 48 iandsdieie A8 .alsbheheen phKiscd addbcbsdyxan be

in the forma tool head or rivet set .indicated. by 76 that i art of, for
exanpl e, aPBERY hain odindrigel; configpipdipr that H%fypi“}‘i‘r}gé{ Ff@drtgéf’eﬂ% tﬁ%?ﬁﬂ“h §" forces

through toqQl ngad,ffer ANHo18N s4BVihht BSdySHRAOK b0 lREREAEERaMpaBPally Withid, 90! f

t ee shaped . _
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



insert made of a hard material such as tungsten carbide fitg %

recess in support. 82 and provides a cylindrical protru3|on I'n |cated by
84 that abuts head portion 56 of rivet 52. See U S. Patent 3,653,243
(Ranseier), issued April 4, 1972 (herein incorporated by reference) which
di scl oses such radial-riveters. Qher suitable nethods for deformng rivet
52 include the use of the conbination of a conventional -7 14 October 2004

i mpact ri V%E&tq{ve’térvﬁt n%&ngﬁ{‘gn&”b%md%gbi%a%s Wl ‘A@'o‘thé‘sfo%ki%ed‘hﬁﬁﬁﬁ
mechani cal queezing. Tool “head 76 pref erably noves not only downwardly

agai nst endq@8ziof. body portion 60 to apply the deforning forces, but also
In series of overlapping orbital paths substant lally parallel to the

surface 14 of s subst ant i al n t e

| ongi t udi nal axﬁbogﬁeaﬁl O@prﬁge}r%%ﬁn%/ss Lt %Igy)éS P@y%ﬁ%ﬂé‘é‘&r dréd %th%ad portion
60 out war dlpgstidnng@ kel lagplyltﬂe FfRNeld BRes)Buf asdsm@rsemdogemra@bing mu@lr ds

t he opp05|te surface 38 of the substrate. As a result, end 68 of body

portion 60 padef rbaentally peradle] dnahe suefaemdds of Hubsteate 16 a&%mﬁlbétﬁgtilw 36
cl osest t hﬁ’r %gg?lgulap ?A ?nell%ngm#cﬂnaq a&fse&ﬁ%cf]dg'dpoﬁ‘%ﬁ %0 s%f asot\éel&{ ?ﬁ) %583580%1*3' tal

paths refe 0 as difraP ' Tormn novenent of tool hea forns
a rosette paty pomiohPpiucAAly, &m&dilyvmmnsivdﬂ&bmmgfaishmn apdigbmarally towatdsensur es

uni f orm and consi st ent defor i on, of end 68 of bod on 60.. As_t ool
head 76 apph§ BRPQSEE SHHRSH 3P & é@% spbstgifd 66 *bFeSHBd?l%ég ff)% opFrtiop

di rection tdgirfe@gllg 2nd mﬂ@hggy ér:lga%‘)@scﬁe 811V céMRéxfsﬁﬁt?,% &&esﬂﬁetewgf Réle %Zon

support 82 venent of body portion 60 of rivet
wi thin enl dnggoefenké sdiBesanftovetlapsng prififabpatietdemeditp dotredil fonmeng]” 84 of

head portion 56. As head portion nd frictionall
engaggs tlhén‘?/v&menbf’f E%’ijﬁl%Jr §§ l?Glsf"i‘?éé B%ng@wa @f%r%‘ﬁa& Sf“i) I n‘?er egtt ed
by the nmovegrah) %atteﬁaireéﬂﬁﬁ%rﬁﬁa@ﬁgoﬁsn&nﬁ %@foﬁhameopfsnd EBQiffBé&y%rt% on

support 82 al so” cause body portion 60 within enlarged hole 18 to also
deformint®fand frictionally engage | ocking portions 26 and 30 of hole 18.
In the absence of Iocking portions 26 and 30, rivet 52 can have a tendency

to rotate withi @sfaq%fa RLACH ARis dEroRiink 3otoel fPha65 BPYSS poHibABoSRtheS Of

over | appi ng orbi
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



substantially parallel to surface 14 of substrate 10 (and suh§iiasdrioabh Y
perpendi cular to the longitudinal axis of body portion 60) so as to apply
the deformng forces to end 68 of body portion 60. However, as the body
portion 60 within enlarged hole 18 is deformed into and frictionally
engages | ocking portions 26 and 30, the body portion 60 of rivet 52 is

| ess able to rotate within hole 18. As body portion 60 frictionally

engages | opkitivg jowith drswabofeuwingOsinlads walwelbss drilet® efftridyi pogtiovabd wath
enl ar ged hoI e and especi al | ause of the defarmtion and frl ctional
engagenent U Wﬁéaﬁf COB“@W“%&%HE’P&E%&‘:%W $L@ﬁta%al& PHalb, xgiymithig hole

count er si nkg4G,4 a3 m'dgg@@esqﬂd @&e@gvppﬁyteﬂﬁ{ Lb%.rﬁ@fa;eé ggggg%@@hbleof

countersink 3 rivet econes substantially axia hol e
18. I ndeed 18tehen chedr dineddt sabsirate ko subjeeted S2sttaspmimonmally encsugeaddedaitigal | y
within hole 18 even over tinme as substrate 10 is subjected to stresses
normal |y eMéBuntered during use. As shown in FIG 7, a new repositioned
hol e 88 of circular shape and cylindrical configuration is formed in fixed

rivet 52. Hol e 8& Baswdimmater7, sdmakkefepodinamed hale ©f ofndiAfud@dstapt eank8 and
extends axially fromend 64 of head portion 56 to end 68 of body portion

60. | n for syhedrivel ecrdgusation iadommeddini finedrigvet 2o Udele 188 xdkwg digmeter smalleri t can

be desirab ch a ferabl

posi ti onedlﬁ?am g‘ fe@ﬁég&)g&&lﬁea HEEKE %%’r‘]’?ﬁ%ﬁoglge%g% %fﬁgéaep%%lol S ftc?r med
t hr ough endnwes toif @8dyoortieh 60Oy frniing sle 88 sudlsss Bf diillieg stuppgh fixed ribecki ng
pI ate restricts and resjists axial novement of the fixed rivet 52 so that

it does noPZ2piéamhe desiiablgdedse # swrnesh suchas adrackingplate nrefsrabdy pesidenadecome
di storted. gﬁmﬁacﬂe ﬁéi?ﬂﬁ&fbéag? | & §0id E&lE'S%llg ¥orﬂ{eﬁltlllroﬁ§}bgﬁ(?Po§fgﬁldger in
uppo

di ameter thdn that galn preterably using a t or backing
pl ate) to flibbleportion 8.z &st hd thenuimmuyorobacﬂqnge;ﬂlatel regtticts2artdorebistsaxidiall | y

di sl odged, stretc r di.storted whe r di ane Ie8 finally
Formad " as Nerenn e Aot S dossrie? Buecne Weladesb Romdiois 4% &

pref erabl y 58819y stbeh QWokisins Hfsfcﬁ‘fé@ ?@nglf al§d1 DS UE L8]l inhalll QNG 18R of
body portlon 60" can be at or below surface 14 of substrate 10. This can be
achi eved eismaber ipydigraeten ihay thah of beleciSs(agpomréforablyolsingmal supprioor B8kt er
Insert 52 h?%e)bt%eﬁir{her ?nqmvr\ldugehltlpe P Oheenc%r of fAxed Bvet 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.



typically by applying sufficient force for a sufficient perg Qgct%erzpﬁf
t hrough the conbi ned novenent of tool head 76 and the resistance

support 82, especially so that end 64- is deformed sufficiently so as to
be at least flush with surface 38 of substrate 10. Wile specific

enbodi nrents of the nethod of the present invention have been described, it
w ll be appangns:to those skilled in the art that various nodifications
thereto can be made without departing fromthe spirit and scope of the
present invention as defined in the appended clains. -9 14 Cctober 2004
CLAI M5: 1. LA nefhoethpdfor mpesitieniagion genstringep hplei ing metabkuebsiratechavitgad

substrate RaYLA@s@ond Shidice rég C(R@HO]@ W fei aC%hM%G}hQ Sﬁlﬂﬁaﬂggi ?i%t RS

t hrough the substrate fromt i rst sur e secon ace of the

subst r at e, Surfpse #b'thHéGCO@é ﬁwffa@ afdhe substateghe ofethod comptisingithestetsefdi anet er of
the hole to forpyan b aral - Mgﬁ drst to
the second surf(z}z (b) rmcﬁtgnpl rt}ér{&ﬁ |Ei£be%ur;ﬁg%gfagée?}{ogfme esfs1 at one
end of the enl arged substrate fiope iﬁr@tttot@c,s@g@dwavﬁac@ awall with at |east a

portion of I's @)amekehind o 6RALARGDS BRYELR! s0ind B SFLAT aptlaliol ¢ (0

formng in the Sécond surface a seco recess at end o
enl arged hol e, the skdlerihe fiest sepesshayingg wathaith ahlenst aqortiernefitsadiproeter on of

its dianmeter |arger fapéé?tﬁamhgﬂﬁfﬁ%feﬁw&feehﬂ? O(I,(nged hol e; (d) providing a

physi cal |y deforpable Tetal 1nsert having a portion and body portion,
t he head porti off) havf%l%metha soomg Sﬁffd‘FQa@rE@@ﬂd reegsg el the ledlrer tehé ofitheret er  of

the enl arged hol e, Ed e Sihé 86boRl feccf AL B 38R 1dat forBRBP| © Of
frictionally engagin one ecesses y portion
having an end, a di ?@@@megeriaégerttbantbgdmetqrwét}mggmmml@n to be inserted
at | east parti ady wiobidnd BShy U GRS Ema iRch $A0HE SHER ity the end

of the body portion | S capa I ng at east recess;
body port1on the head portion having an end with a dlameter

larger than the diameter of the enlarged hole, and being sized and
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.
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(e) inserting the insert through the one recess so that the9dy,H9nHk4on
extends at |east partially within the enlarged hole; (f) after 1 nsertion,
subj ecting the head and body portions of the insert to physical deformng
forces so as to cause the head portion to be defornmed and frictionally
engage the wall of the one recess, so as to cause the body portion to be
deforned apnd frjctionally engage t he enlgéﬂed hol e and so as to cause the

end of the3bodyTRersthad ehclpimn Zjuhaseinghe smaller diametsn dols isclogaed dories wal | of
Wt ehin e heS B () Jiehaheent bOin Y dhe bABGPOEPR A AFTARSED A MRS he
that of & nanaiyiest fE e Hhed Aigh A fesid 0 BERY Foteliot pb e seG G ap ey
borton <105 3V &Bclli f5fef belig dRAC PR b ot REARATHEL {10 Tl e

di aneter hole is forned during step (g) through the end portion of the
body portion of the fixed insert and wherein axial novenent of the fixed

insert is 4esi sTREntbtidd@r oAl Do Pivhbleen H¥BddIAMzed haIELA a cIMBiRY
pl aci ng a support agai nst deformed head portion of the fixed 1nsert. 4. The

met hod of ardigmration?2 or 3 wherein the enlarged hole has a cylindrical
configuration. 5. The method of any one of the preceding clainms wherein the
dianmeter of the wall of the first recess tapers inwardly in the direction
away fromthe first surface of the substrate and towards one end of the
enl arged hdl e ahle wethodi of anyeongi afrthe preceding tchpdmyatteran thehdiagetrornd thecess
tapers inwardly in_the direction away fromthe second surface of the

subst rat e WAY of Braligkrecsre terereiverdy ar thepdiresHom pyyay figen the fgst spsfaceref hod of

Charein o BaSrORTEODEbEaAIo0E 1Y Fon BHECHIRS B3 SR sl Fym AT one

end of the e sto the aother end.thereof.. and rei,n the bod
por t1 on of e Hee e fecs® Eprdisciiariiet W EXctioRdray B i it Lren (1)
into and fojekd BP@klsYbstrate 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.
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engages the |l ocking portions so that the body portion is |ggsoabhg 2664
rotate within the enlarged hole. 7. The nethod of any one of the preceding
clainms wherein the head portion of the insert has a tapered configuration
sized to be simlar in configuration to hat of the recess through which
the insert is inserted. 8 The nethod of any one 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 Cct ober,2004..9. The hod of one..of the preceding clains wherein
the body 3 t1 oRFbMETPATHIARE 40Y BEFIE Slitint SRER Loy Btemat end o
t he body pgrt.i t d e .enl arged hql e, _and erein
step (1) | et B Gt BRI ARl ol ob 1 R HeB R S8R T he
direction taowar ' a&ﬁﬁs b resisting
axi al rmvegr)rent dg?t%@%g%ﬁ%%%;‘;%gﬁﬁf tlégn(f% ﬁg: en a%ggﬁﬁ%}%aggq%?ﬁ@rhg met hod
of any onepgholiPBoRicRGR W Wirctiah RvalienRIRpbic anthcObriliesddriite PRI i on of
the insert is kheaded during step (f) by a tool head that noves in a series

over | appi n@sifilp kirial fab/bsestldfihabbiRhdrsiod SAdaNthe eHlagfedhold he | ongi t udi nal
axis of the body portion. 11. The method of claim 10 wherein the novenent
during step (f) of the tool head in the series of orbital paths forns a
rosette pattern. 12. A nmethod for repositioning or repairing a hole in a
met al subsit@.at eThawmethgdat ahjyropt ofinke precating shimhawbenshetheiendtdféhdqbddy ext ends
through the substrate fromthe first surface to the second surface of the
subst r at e, Partien pétheoasebisguicadadyduring stepefy bpfa: toplahead thatrmaovey in esedeanet er

of the to form an enl_argecgho e having a cylindrjcal configuration through
Che Subst r XEaPPBOr b e Subgantialy Respesdirulas rte dbe longgpdinak wxin gfithe t he
first surfﬁc a first recess at one end of the enlarged hole, the first
recess hav 9@3&’%1 with a dianmeter that tapers inwardly in the direction
away fromthe first .surface of the substrate

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



and towards one end of the enlarged hole; (c) formng in theg sgasendosyrface
a second recess at the other end of the enlarged hole, the second recess
having a wall with a dianeter that 12 14 October 2004 tapers inwardly in
the direction away fromthe second surface of the substrate and towards
the other end of the enlarged hole; (d) providing a physically deformable
nmetal rivet having a head portion_ w.th a frustoconical configuration and a
body portion with a ta§HsiRWrdEAIn thefisegtionaway from thesesend sitacs widhe ng a

capable of frictional I% engagi ng.the tapered Ylvall of .one of the recesses

d h d whios e&ﬁi??&%ﬁmﬁsp Fondiofibe plasgedBaleer of the onl d
ﬁgl e, av![ Rg bggyenorti on. havi ng_an nﬁﬁlég-g % ame# r.sSj ﬁed tgr (Ca)crin‘i t(.at ﬁg g(r)g;
portion to be if'ldgert%r(ﬁwﬁ § a ALY %{fyt JPW@&PW%QVI% %‘ﬁ?%ﬁg*gea K% %nd a

I th h that th d .0n j t
Igggt tgutC he o? her reggtgsg?h{"get)gg?rﬁgéei)r/tc?@gé#ﬁgo% isa\lllgf1 Q? Eér)@u%r?ﬁﬁee‘gﬁéna?egess

so that the body portiigRrcaXeptisuraton, st Heat tgo@%&g Widdi n & lesnpﬁrged

hole; (f) after insertion, subjecting the head "an ody portions of the

rivet to physif:al_dﬁfdﬁbﬁamgerfg@giﬁg%&@p@sdbv@u@@uﬁeo{cﬂner&%@sa@dhmﬂgt0 be
defornmed and frictionally engage fthe tapered wall of the one recess, so as

to cause the body posi ehwith abtardeborngd tamdhé distdtenad dhy aangageholehe

enl arged hole and so as to cause the end of the body portion to be

def ormed and fri cti ol Hodygrgtige htviagtaapsded dimhdterodizadnte mrinérthe dodgs, so
that the rivet becones substantially axially fixed within the enlarged

hol e; (g) formi ng anpetien thbe énsered algleast ppttiablarighin theoerlanged &oleoandamd a
dianeter smaller than that of the enlarged hole in the fixed rivet that

extends axially thelagthrsyelythat therandipd thenbodyrparhien weu@alle of esisndisgehe end

f h rtion
of the body portio least 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



13. The method of claim 12 wherein the enlarged hole has foygdotdiepssn 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 portio S less able tg _rotatqi within the enl arged hole. 14. The

n. i )
met hod of 595 ng stepr&r Wit and, B1959n31 s engagenthslogkurg posfiens pe that
sufficient |l ength such that.the end of. the hod oytion extends beyond one
end of theﬂWEWﬁ%P ﬁnﬁ%# %%%Eﬁﬂg¥%VHL§V£ﬁe@§¥%ﬁBo%hrried out by kneading
the end of the body portion in the direction towards the opposite surface
of the substrate while resisting axial novenent of the body portion within

the enlar g?,ﬂ_ hoirge n;éhodng fcﬂfrthﬂon13a\9Mergﬁﬁ% f%ﬂﬁﬁo&%fttﬂe %ﬁe\“‘ﬂ% ein the

end of the body portion e rivet 1s kneade g step by a tool

head that gEw6end Bndh$66H @5t AF en@Ve Eﬂeﬂﬁﬂity%rt%rp&t@ﬂdsﬂﬁ&&ﬁi Stsigasrihel |y
per pendi cular to the |ongitudinal axis of the body poftion. 16. The net hod

of clai m léniwiged @ble dddewh@¢Rn@ey (fUs chgied lRP biyTknedding ke ERDLS thedddy n the
series of orbital paths forns a rosette pattern. 17. The nmethod of any one

of cl ai ms fié@tiba if theriieeation tbWwerdsithé bpposieaefaes ohhle8ubstratd whilerbsdtifig ng st ep
(g) through the end portion of the body portion of the fixed rivet and
wher ei n axixitl moveseahof e botepditier avithinvthe enkrgeddiodt. ed 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 conpopent Léllcl di.ng the r’rtpt hod of any one of the preceding clains.
19. A net hbd of ThamgHed of anneneoe! dapsi12itad4avhessin grgndofitchasdyinegtieme

met hod of one of. the pr.ecedi ims., 14 1 t ober 2004 20. A netal
substrate Q\ﬁ%enﬁgnlﬁflﬁ’(?f‘%?‘gd}ﬂ?ng éB%i &5 i%léi’cfll G%‘éshfiaﬁet AePOSES &t 25D RE
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



of clainms 1 to 17. 21. A jet engine conprising a netal subsjydti,des8
manuf acture or repair includes the nethod of any one of clains 1 to 19. 15
METHOD FOR REPGSI TI ONI NG OR REPAI RI NG HOLES ABSTRACT OF THE DI SCLOSURE A
nmet hod for repositioning or repairing holes (12) in nmetal substrates (10)
such as netal conponents used in jet engines and the like. The hole (12) to
be repositioned or repaired is enlarged and a recess (22, 46) is fornmed at
each end of the enlarged hole (18). A deformable netal insert (52) is then
inserted wthin the = enlarged hole 8) and then sybjected to physi cal
forces so toAcTa?@]es“i%?twtt W%@?eo‘i“ﬁ?"% chrirﬁﬂqlro‘ﬁ%lpgig tgﬁﬁ& dt‘-ﬁém%ﬁp? s (32,
46) of the c.esses (722, 46) and the enlarged hole (18) so that the insert
(52) becon® 05%3311 ﬁoyl fixed therein. A new, repositioned hole (88) can then
be formed in the fixed insert (52) that extends conpletely therethrough.
Fig. 3

21. A jet engine comprising a metal substrate whose manufacture or repair

includes the method of any one of claims 1 to 19.

15





