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1 FRICTION PLUG WELDI NG METHOD, FOR A HOLE IN A METAL
PART, USE OF A METAL BAR AND OF A BEARI NG SUPPORTI NG
PART FOR | MPLEMENTI NG THE METHOD 5 The i nvention
relates to a friction plug welding nethod, for a hole
ina metal part. Friction pliig welding is used for

hol o onERl PN PLicSHALoRIs AR Fow a AL W AMETAL

orp&piri DYE OF A'METAQ @KRWNDB"F BEnghﬂﬂd QUPP@hm@ PART

it is desired tolimt the |oss ani cal
characteristics, FQHtIMHl@MEN:TING THE METHOR cal
characteristics of the original part, in the plugging

area of the hole. A nmetal bar, generally of the sane

nat ur e Tag inentimt eslates tbod Mictont plag weldipgrmethod, for a hole in a
rotated and inserted, under the action of a driven
fmptaPat.nt o the hole to be plugged, the part

containing the latter remaining fixed, perpendicul ar

to the surface of the part in the hole area. The

fricti dmictipaplegewelding isarsedrfor plmggiml holes int & engtal arbfgenerally

tﬁP§%‘?Fﬂ°ﬁSﬁéﬁ%@ﬁ8ﬁ§ﬁt¢Pﬁﬁﬁnier } d Bt bfinfate s cvinarical in

?epﬂiﬁll% Eiethddo [sBsbd WheacCH i$ Id@gur@a td h@nm &id losst oft M@Bhanical
suf ices to machine the bar and  the pads on each side

@haf%erﬁﬁilcﬁ, wigh %?F}qcé%theﬁéeﬁlaaﬂlcwrﬁha{%ct@rﬂst@smirthe original part,
{}Fﬂ uibig drbs ofﬂgg Boll ugged. 25 Thanks to the
ri ctP ﬁbpl ug we n i

g nethod, it is for exanple
possible to repair fl ange hoI es of a turboj et engi ne,

V\/nlchhveb omre_ out t he  out -roynd .

ol oo, Aetal B rasierailicnt fehgma iyl sa die FRefARal fogming the

tﬂé\ﬂ "%?Pcftatéd arﬁ@%ehéddhhbéle%et é?ctfbncéff 4 efilers fere8; indd the hole to
However, because of the shape of the various housings

ch'e pluggedothe: paw wgntaining dheflattereramainingineido pespendieular to the
S%fﬁ{e g?,ﬁf ,rfmefﬁcﬂga}&freof certain flanges are

acceSS| bar within the franmework
of the nmethod. |Indeed, this bar, connected to its
drivi ngTﬁréi?rPc'tngﬁs be?ween th% bzfl)rr f':\r%] ihe wall of the hole of the part cause
heating of both materials, plasticizing then welding thereof into solid phase. Two
pads are formed on each side of the part. It then suffices to machine the bar and
the pads on each side of the part to retrieve the part in its original shape, with its

hole plugged.

Thanks to the friction plug welding method, it is for example possible to
repair flange holes of a turbojet engine, which have become out of round: the
out-of-round holes, after correct machining, are plugged thanks to the method,
then re-drilled to a correct shape.

However, because of the shape of the various housings of a turbojet
engine and of the distribution of the flanges at the surface thereof, certain
flanges are not accessible for the metal bar within the framework of the method.
Indeed, this bar, connected to its driving machine, should be oriented
perpendicular to the surface of the flange; it may not therefore allow



10

15

20

25

30

perpendicul ar to the surface of the flange; it may not
therefore allow 2 inplenentation of the nethod,

failing sufficient clearance space in the axis of the
hol e, for exanple further to obstacles placed on said
axi s, such as other flanges. 2 Thus, certain holes my
not be pl ugged using the friction plug welding nmethod

instemertiagon ot thesrethad, f3iling suficiest Clsamncesipaes in thesaxis of the

r
e F 8% BIs ABARE REEGer MaiRaTRY sl s SHER 4Ry fanges
Thgs) sertairehbles brmay eotibel ;MagbedAubﬁgetheg‘ﬂemomEMgawelﬁmg method
m ght al so be devel oped for the netal bar
8§ GracresRiiy iREolIgMSnsi ve. 1t may al so be

contenpl ated to develop a mniaturised friction plug

wel di ng machi ne, but such a devel opnent and the

i mpl embatramedy this sbadeomingyihgserflangehales mayare/plugged using a

BAEANE e e o 5B G B% 63k oo

on flanges away fromthe | ocati on of the machine

supporting the weldjng bar, 20 The present invention
orovi dAPEVel gear MeRNAIISE WarlalRg e BRVRIOBSE kT th melal bar, but

éﬁﬁ@ﬂ&hﬁh%n@&@?@ng#\,@ elenents. In this view, the
rn

I nventi on conce riction plug wel di ng nethod, for
a hole, extending globally along an axis, in a met al

PR ol e olsi e SRR BBl 5 BRBIG, ikl Plton pug

Wiiding wtmm Butn@ichl aldsvelspr&tdand 19 aPpldniembBOY Rsuch a
axis, is r ot at ed around its axis and is inserted into

mashing|ate alsp YRIYEXPeRsi¥d. wel ded, characterised in that

the axis of the bar is tilted W|th respect to the

axis of the hole by a non-zero angle to avoid the

obst aclteis &@fo therefore little practical or expensive to implement a friction

plug welding method on flanges away from the location of the machine
supporting the welding bar.

The present invention provides a friction plug welding method enabling
to reach hardly accessible elements.

In this view, the invention concerns a friction plug welding method, for a
hole, extending globally along an axis, in a metal part, failing any clearance
space in the axis of the hole, because of at least one obstacle on said axis,
wherein a metal bar, extending globally along an axis, is rotated around its axis
and is inserted into the hole, to be friction welded, characterised in that the axis

of the bar is tilted with respect to the axis of the hole by a non-zero angle to
avoid the obstacle.

Thanks to the method of the invention, it is possible to avoid obstacles,
disturbing the impiementation of a hole friction plug welding process, while
orienting the bar correctly with respect to the hole and to the obstacles.



10

15

20

25

30

Thanks to the nethod of the invention, it is possible
to avoi d obstacles, disturbing the inplenentation of
a hole friction plug welding process, while orienting
the bar correctly with respect to the hole and to the
obstacles. 3 The applicant has di scovered that,
preferably, the angle between the axis of the bar and

t he axiBedpPRligantbag disroypied thatnaraferablys dhe angle)bgtween the
£ bt ba XHPMEAAEOUANS hdi 8n83H HEXHANGH FRar o BACAING 11

ead of mninmumsizes to provide triction welding,

and a stiff bar of dianeter smaller than or equal to

h d t th
advant SgveiBogodsly; e 3t EBRiarsBY L WEHid fsed of mipimum sizes to

SridflidediricAo weldiRg, aﬁ@%@tﬂﬁbalbb‘f dihmebassmans tAgh Br equal to that
bet ween both its ends, by an internediate 10 bearing.

qfibeiheagranchsupnsiringthedagad.cul arl'y to a friction pl ug
wel di ng nethod, for a hole in a flange, of alum nium
al l oy, of a turbojet engi ne housi ng, but the

appl i cAdvaniagsoosly stiiif &h@l By isi suippdried, eatt omé evid, Itina driving
Btstotht sol e a&% ation. 15 Thelnventl

B St d69%) ORe WeTolh i endpoy an intermediate

b&®irgrent i ng the method af orenentioned, the bar

conprising a welding head and a stiff bar wel ding

head of dianeter smaller than the dianeter of the

peari ng e BERBITE ST PRRREEFSNGH BRube PHY FrBindmesipd. for a
Helecin keflangoyvef dilvirant allq?‘rzllecbfldiralcgl{]l?clﬂgtnlémg{rf@ﬁbaélﬁg, but the

beari ng for a wel djing bar

BPRISAY dees pet TEand i gt Hieexiem s ighis i absplerarpfication.

25 the preferred enbodi nent of the method according to

the invention, with reference to the appended

dr awi ngéee \inardgion: conBemsr endreoeer ethentusea of chemagtat bar, for

B RBith e Toeht afRemABirts, dfe darfortprsig & Weiding head
anhe bedtiffashrassiamigRitd ofddiamBeereidled titin thBeiameRMdf 86 head.

The invention also concerns the use of a bearing supporting part, for
implementing the method described above, the part inciuding an intermediate
bearing for a welding bar.

The invention will be understood better using the following description of
the preferred embodiment of the method according to the invention, with
reference to the appended drawings, wherein:

- Figure 1 represents a schematic section view of the implementation of
the friction plug welding method of a hole according to the preferred embodiment
of the method of the invention;

- Figure 2 represents a schematic section view of the implementation of
the friction plug welding method of a hole in a flange of a turbojet engine
according to a first embodiment of the method of the invention, and
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30 - Figure 2 represents a schematic section view of

the inplenentation of the friction plug welding

nmet hod of a hole in a flange of a turbojet engine

according to a first enbodi nent of the nethod of the

invention, and 4 - Figure 3 fepresents a schematic

section view of the inplenentation of the friction

pl ug vveF'@iur@ 3reptesents a schernatic seetidr aag/eofdheamplementatlon of
i ne .. according to a second, enbodj

thReTUPR SIS WIHIEG, FRRGY i &0l i I8, Pl dhdirbdiet engine

é&é?dihg@@a%%ha%nﬁ&o%gﬁt@ﬂthwéthoa%lr thefinbbaiste 1N a

turboj et engine 1 made of alum niumalloy, wherein a

hole 2 is to be plugged. In this view, a hole, which

has be 0 . . a ' .
o vageaie s W e RENAE ABRIsEROS Batef pbB, REre, e fange in
i‘lﬁﬂet @lﬁglhba ipade of airiniumh alloy) \Mﬁ@l@i‘n atholde is to be plugged In
rilled, once plugged, to adogt a correct shag
W%Y'e\é'fﬁ e, Whigh has OE; QUi Wid; P Flanggy 2118 o b8 plugged
\Wﬁllé‘géé’%ln HAnioal RH&)%rﬁ"é@él@Q@fb f?’fb'sﬁ of 3% B QH%é’tfanal, in order
round, been mac d previous I'n or to
toobé ¢e-diillegt] onek iptiggedr ta adnphamrmgbapae‘rettbat giiect, a hole

h [ be pl d,
Bfon LR TS RR4Ba axis 15 perpendi car'ar to
the surface of the part, preferably along the sarre
axis along which the original hole extended. Thu
t he m@e@ea@b/r éﬂ%diegmeai:gow herr aubiod rouad,eha%heaneraachmed
I
fér\ﬁf%% in otr?1e 9 n%lcgfcyﬁﬁdrf({ %?m\a}te gﬁé%eﬁper?}to This new

Boles Heeeeheyholemﬂ ﬂ’(aiHSItD Isdh g geldt aadm*td;egemraﬂy aalong an axis
first face of the

herrengldi ' the sirace g Peabart peterably.algng 168 Same axis along

ﬁ/ﬂi‘dh”l%ef@lﬁnélfhdl@%ﬂén@%eﬂms aBBAFHAIE deRradi §ur¢ét§e of the hole
face 1' iC be therefore considered as the

l’ﬁa%'l{mﬂatﬁé" 10 rmd&rhtecsﬂlnaﬁ@aé or trurgated, widleminimising ieugplume of

Hfz—: H? a netal bar 3, here made of al um nium
al'Toy, ex endlng along an axis 4, is rotated around

its axis 4 and is friction welded, under the action
of ad

r.c 0o _the ge.l.
The. ek e 238 Hre, Prib@icaR ShaRe oh amisibes GRS fifst face of the
flange at ffidhnwlllsPeonsidirb8 Gistthe it face 1’ of the flange 1, and onto a
second face of the flange 1, opposite to the front face 1’, which will be therefore

considered as the back face 1" of the flange 1.

In the friction plug welding method, a metal bar 3, here made of
aluminium alloy, extending along an axis 4, is rotated around its axis 4 and is
friction welded, under the action of a driven force, in solid phase, to the flange 1.
The metal bar 3 comprises here an end portion, truncated in shape, suited to the
sizes of the hole 2 and to the operating parameters of those skilled in the art. Its
end portion could also be, as the case may be, cylindrical in shape.

The friction plug welding method of the invention differs from the
methods of the previous art in that the bar 3 is weided to the flange 1 along an
axis 4 tilted with respect to the axis 5 of the hoie 2.
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sizes of the hole 2 and to the operating paraneters of
those skilled in the art. Its 30 end portion could

al so be, as the case may be, cylindrical in shape. The
friction plug welding nethod of the invention differs
fromthe nethods of the previous art in that the bar

3is welded to the flange 1 along an axis 4 tilted

with respect to the axis 5 of the hole 2. 5 |ndeed,

in the t hods of the previous art, the bay 3_is _
syst entfideesh I tie metiods, of Hie prviods afete a3 syglematically
welded tbliRe Parst, he?é thé'A ¢ i thb-dkis 5 lthélbie 2 i.eQthat axis 4
the bar 3 ?? conf used m?ﬁgéthe axis 5 of fﬁe hol'e 2.

ghthenbae3 Js meinfiupest wish the axis bI tﬁdhpdicl;igraji'ﬂlﬂ helet 2 being often
IR deD % od bpiaCl o JB90 1 8! B ghouid extend

penuxeasliomlwrttai ﬂ;nesﬁm'fidegoﬁ ?@SﬁamntWNclﬁ?cta@bey &ertain shortcomings
Convers , L met ho t invent|on suggest to
E¥BUSRSE AbbyR oVl ID8 MeRed ol e invgniiom suggestdo sheose an
bhgleax bétweedf thbfé&hé,w bfthe bt &hd ?rLé 8§ 5 &ftﬁé‘h%[? 2, which allows
flexibility regarding access of the bar 3 to the hole
greaseratiexibitityt regavdingl aceess: of thei banBdo dbé dwie 2henallirgtd avoid

he.invention may be inplenented, |ike conventi onal
g%'iﬁt%mio&?%é?%i ng nethods of the previous art,
according to various operating nodes, in particular

according to a so-called "driven friction' node or a )
so- cal 16§ methed érthe dnventiany may badmwlemanteg iikaoepsyentional

. £ 2 i. St:S u ; - e, i .
P e S 8ES g ol Brs el b pidle operatin
oratiess, troparticelamaceornding exasbo-cafled idriven fattidienadebratso-called
bet . pbot,h he flange remaining fixed throughout
et BE st ot | |

%he bar 3 is noved accor di ngly, along
its axis 4, towards the surface of the flange 1, on
the front face 1' side of the flange 1. Thus, here, _
t he por®iBpthomodase dalirs siage eansisismiundet pipwekt Rressure, in

. . ? f r | >
AR G P U LGl e RS 2, el 5 5n? e evac
pbesitibarof 3he wontexs between bothgrthe dlangé réimairting ¢ixed tliaghout the
the c ac sition has been determ ned, the 2 ar 3
mStpd, ik bebSis SRd HECATTRAY SIPGR TSIEKS 4clopais the surtace of
the FaAgS Meonrthe TrotR dadd PMRIBEQf the flange 1. Thus, here, the portion of
the bar 3 with the smallest diameter is inserted through the front portion of the
hole 2, then the bar 3 is moved until the truncated surface of the bar 3 touches a
wall portion of the hole 2. Once the contact position has been determined, the

bar 3 is brought to its starting position, i.e. a few millimetres recessed from the
wall of the hole 2 of the flange 1.

In the case of the 'driven friction’ mode, the bar 3, driven into rotation on
its axis 4, and the wall of the hole 2 are contacted and heated mutually by
friction, under the action also of a force applied to the bar 3, along its axis 4,
towards the flange 1. After a certain heating-up time, determined by those skilled
in the art, an additional axial force is applied, while the rotation is slowed down.
The rotation of the bar 3 is decelerated until it stops, typically within 0.2 to 0.8
second and depends on the deceleration ability of the driving machine of the bar
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wal | of the hole 2 of the flange 1. In the case of the
"driven friction' node, the bar 3, driven into

rotation on its axis 4, and the wall of the hole 2

are contacted and heated nutually by 30 friction,

under the action also of a fogce applied to the bar 3,
along its axis 4, towards the flange 1. After a

3.efriction \heldtn'gug-tgen p’erfermel@twhnlté ']Etmllaiaal ma?ﬂhg isatlaintained
in the art, an _additional i a orce is ied,.

SifrtBS relation DhpROH hes SWetneth i cisusire oree walfo sl

the bar 3 is decelerated until it stops, typically

within 0.2 to 0.8 second and depends on the
decel elmatheogasshiof (ingrtigf frigliendrtheibay Iris placed ogimilady fastarting

dontn FCA 9, it Fofiiont, RER 158 SRpJERR kL bk Faggton. s

Ritatigral driing mbtmnsctiedlmmm Ltraetr{mqﬂe \mi@@yn stome@hm tiye rotating
In the case of airtlal friction'

PsieBy Vig the lé{}f@t;m Sgﬁﬁgtqr\ﬁ’gt eS'”BH@ Wh@ﬁl ﬁfnﬂ‘edm%n which has
b&d sePlatld Sed Wrelioukly! $s g‘rl bd i Httﬂec\ﬁﬁﬁigg;t as. in thg ‘driven

rotation, its rotational I ng not or ut che
fristionanodée energy stored in the rotating system via
the rotational speed and the inertia wheel of the

nmot or, which has been set and sized previously, is

di ssi parh@cbpernam’fgemwbg idegcritsed abdveearedieély Rifowrh kb trtds@rsmned in
node. 10 The operati ng nodes described above are wel

theodrt @9t mﬂké@kb@‘|C&§crlhedtfﬂshsrtTaﬁw have bgsp a@en only for
ﬁﬁﬁ?ﬁéﬁ\ﬁée?ufpé%g% fadilitgle hfe"ﬁn{?l tgirgf"ﬁ B HY bﬁv@ﬁﬁon but are not

ustratl pur poses acl e under st andi ng
bnitatine oftheraperatingommodarchosen forlhiale frwtlomqalug welding accordlng o
' de chosen, for hole fri

C bRanTieh D PR SeEpPBitha fofiss Whith "HaREbE Mblemented

QﬁQhéMétgo@gﬁlﬁﬁ; Woestibrri ght be inplemented for the
met hod of the invention. Regardless of the operating

node sel ected, the man skilled in the art w Il adapt

it t i e i e .
A e
will adaptof tat the rhethedaf the dweinhbn.switleme ah@eappxnsmg between the

g%%r ! If rIﬁe po%{raarﬁeot ﬁ\e émsoé o?)’%ﬁerTWO?e 3 and wﬁ\ sey lect the appropriate
operating parameters, for example empirically.

For illustrative purposes, tests conducted by the applicant have shown
that, when plugging a cylindrical hole of 10 mm in diameter and 6 mm in height,
i.e. a hole drilled into a flange of 6 mm in thickness, the angle a may not exceed
11°, failing which nicks are most likely to develop in the welding area.

Generally, by not exceeding an angle a of 10°, it is widely possible to

perform the friction plug welding method with a tilted bar without any major
problems.

With reference to Figure 2, the friction plug welding method with a tilted
bar enables to plug a hole 2 in the flange 1 of a turbojet engine housing which
cannot be accessed using the methods of the previous art. Thus, on Figure 2, it
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For illustrative purposes, tests conducted by the
appl i cant have shown that, when plugging a

cylindrical hole of 10 mmin dianeter and 6 mMmin

height, 25 i.e. a hole drilled into a flange of 6 nm

in thickness, the angle a may7not exceed 11 , failing

whi ch nicks are nost likely to develop in the welding . ,
garde werethatithe axis Amnf tbad@@n%@ the ee1a0Btha gpnt side 1,

il 18950 B VoA B B ST b pltpagoicuer
to tie Hamge W while dfeinge sornéctedritgUtsediving rmaéh‘imeﬂl @ne therefore
2o P Bt pe 6 BRI BBl toan
¥heha, ﬁ%@%rr&ﬁoﬁ%ﬁ%&%ﬁ@ tH%hé‘%uHBSe 'ﬁttﬁé’%ugfngt Wich enables

previ ous art ure , can
theabban Bi¢o sleiag abowvé tlnehﬁamge 6 czeatrng m obs’an@e be;:ause phthe reach

hg nt Stﬂ ewéld&g( 8@3 %g‘i%(ﬁgﬁgher {5" a@g%’@f% Jaws ggtc??gnéctrng said

bbﬁfwme]drMhd mabRiney.connect ed to its driving machi ne
7. One therefore selects to tilt the bar 3 with
respect to the axis 5 of the hole 2 according to an 5

angl € & bRabBSHE B&Pé%@grséé%pg@brggr\k@cﬁ ha%esévérﬁ‘ﬁgoorg‘;diﬁicurt to

t he housing, which ena to clear
Baheedd, atrrgepcﬁsrhleseairilmg relatiom $o didure 2)edens thebizebare not true to
ween t wel di ngoend of bar 3

d th
SFalRn ol SPERE WidkgstABefiondo ces 3 paf's &3bedall Hebidhed for the
mho@&:ﬁthelmvamuﬁﬂ Svdldifg gadd of @rrieaohed eseaMii 5dlow the

are even nore diffi t to access it 1s possr bl e

welding i periien Lfitba b&lj’ i hor thep potiiesy ef the: ber zmglycrarvgll rhe friction
Saofetlr?e&fbt %Qﬁél?oftﬁ@rh ga%sr[oes? Hﬁ‘%@éﬁt anding, to use a bar
esigned For T he

especl a net hod of the
i nventi on. By vvel ding head 9, or head 9, is neant

bel th ti f b , i,e. th
por 1 o e stastt BTtieR obde derfign. 16 impENgcte access

caphbiy \rﬁérjeopfthbhﬁah@err?chﬁdesbﬁ REAGIEDE ththifBE sizes . fo, conduct

preferred enbodi ment of the invention, to |nprove t
aealding, i.eaphereo) thereizesare juss aswal B phbariegreatercthanghe sizes

¢ i . | di i.
HeoBhOhh ol 98 g A4 B o Bfler ' Suppon,
30 plece and to drive into rotation the head 9, a stiff rod 10, of diameter smaller
than that of the head 9, in order to occupy less space, and with a possibly
different matter.

The bar 3 of the invention includes here a head 9, of minimal sizes, of
aluminium alloy, supported by a stiff rod 10 made of steel. The space
requirements of the head 9 being minimised, the latier may reach points which
are more difficult of access, while the rod 10 of small diameter allows to avoid
bigger obstacles, for a same angie q, than with a greater diameter.

Still, in order to access certain flange holes, it is necessary to have a bar
3 of relatively large axial size. The distance between the head 9 of the bar 3 and
the clamping jaws 8 of its other end being then rather large, vibrations can be
noticed at the head 9, which are detrimental to any correct welding. With
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20 necessary to plugging the hole 2. The bar 3 further

i ncludes, in order to support, to place and to drive

into rotation the head 9, a stiff rod 10, of dianeter
smaller than that of the head 9, in order to occupy

| ess space, and with a possibgy different matter. 25

The bar 3 of the invention includes here a head 9, of
ieferenae teiFigyre 3f a seicand renopediment of #ig pwathed obfhe invention is

s o Mcf BB Es R &ipe ViHEPESEE e i) AR &
od 10 of. omal | di aneter all ows o ayol @ bi gger

obst aclbhist Betaod ads bangt dS Usacham Wt Remeg e a8 previously,
ﬁérﬁgﬁ&ﬁp po%glbﬁie a 'Head'@n%%@edf él&’mﬁﬁt‘ﬁﬁSé%Q\%It% siiff%?elo made

cessary to have a relatively
obsigel, @t iseallsr diametern tdupdngaadfmlebétmaeﬂangee1 rasatiiedarfis brought

BB 1oB0nR 597 arkG, TG Re U b b 3t shBetorGiy B g, around
éﬁfa)é§34dFﬂctlddemb wéldirdelsr dorRiicRld With @Ry baP3r féhing an angle a
wel di ng.. Wth reference to Figure 3, a second

Wﬁ’ﬁé@‘?ﬁ%ﬁﬁ @?thﬁﬂ’@kh@t hod of the invention is

represented, which enables to reduce vibrations at the
head of the bar 3. In this nethod, a bar 3 is used in

t he saffbisnagtted differd tnumltjne préwousrpnbijyrtgepmsdﬁkﬂryir’@ermediate
ead 9 de, of Lalum n stiff rod 10

F}g@réng o‘P:Fsﬁ- BiS begﬁngn,i‘ g S @‘r‘%’eﬁgt $@ Bpggs%oﬁ‘ﬂfﬂ'ég opart 12,

tomprisingneithet .a Bord fof I0@A 'tﬁroWgﬁLtﬁBtrod'm ‘br@bééhrﬁ’gj‘fé}ythe rod

a driving machine 7, to is connected by ja
80, sewinglas £nbagring 41 ﬂqr.tbe.b@n C‘.’pllﬂ@ peindidefined on the bar 3, for

ERAEVE FnBrhBales E'onf o Rothokh AR A4 Paflawdd fnd b nead o

pf the loars3. Arefavablly hie wilbiee afrolér bedripignedi at e beari ng
11. This bearing 11 is situated in a bearing
supporting part 12, conprising either a bore for

| L ey it B 2%, apBRIABRALAGE Kiferenty, to
a'ge pad whareinha hpler 2 8 tof I@e plugged, to the mechanism 7 driving the bar 3
into rotation or an independent tooling. On Figure 3, the bearing supporting part
12 is interconnected with the driving machine 7, thanks to a beam 13 supporting
said mechanism. The beam 13 is interconnected with the mechanism 7 and
extends perpendicular to the mechanism, globally parallel to the part 1 to be

plugged.

In this embodiment, the beam 13 also comprises, at its end opposite to
the mechanism 7, a part 14 for resting on the part to be plugged. This part 14 is
here sized in order to rest, on the one hand, on the flange 1, on the other hand,
on a portion of the surface of the housing supporting the flange. Thus, the beam
13, its resting end part 14 and its bearing supporting part 12 are sized in a set
fashion for plugging a hole in a particular type of flange.

It may also be contemplated to use a bearing supporting part 12 for the
bar 4 which is quite modular relative to the use of the bar 3.
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15 exanple in the mddle of the bar 3, between the
clamping jaws 8 and the head 9 of the bar 3.
Preferably, it will be a roller bearing 11. The
beari ng supporting part 12, may be interconnected,
indifferently, to the part wherein a hole 2 is to be
pl ugged, to the nechanism 7 driving the bar 3 20 into
rotati on or an independent tooling. On Figure 3, the

i v nAn DR e BSarRL hudborlig oBLCHS R8RSR Kbt e bar s
Iserecatmscdtifinstes) robhe0, helaile Alfbwiag itné estatiom ﬂ@éredf afoundtitseaxis 4.
oS L aend A0SR by e eddort g ea o hereot,

ShEYIE dimitshes fhl %ngﬂé‘?m fEF Whict i%e iRad é%saé@cﬁnected. Several
conprises, at its end opposite to the nechani 7, a
supporting parts A 2<soultbensehéor@asame dabe pl ugged. This

part 14 is here sized in order to rest, on the one

hand, on the flange 1, on the other hand, on a

port I omhefar@@a%tﬁve@ﬁ thé dxized fuiuhe REldiHgArt3 aad the axis 5 of
nge Thus, the beam 30 13, its resting end part 14

%\@dhp s218ap% RUGaash i ?F’h@t% fthanksaie asn@@aamﬁrrh‘sg@d to the
| f

{nﬁ\éﬁ%@ﬁ%ﬁﬁ&) L&gﬁié@bg)r:}ag rﬁdﬂ%gg@gk%%e%“u’cso: lubpi@r 8 set type of

bolep by casfg\mentlt WwRuldobe ahpistdide andwihierhan sntqunedlate beanng 11

d h . the b 3.
PRUIE,BE, ArfyBeey e Bedriia, Sitoing e B2 whiyid aisoby Bistable to
Bait thd adj@stnetit of tife andgléfa. steel rod 10, while allow ng

the rotation thereof around its axis 4. This support
reduces the vibrations caused by the rotation at the

e AT g R ] AR B B oo 1. o

parerge H8 orewide balyused for a same bar. The angle a
between the axis 4 of the welding bar 3 and the axis 5
of the hole 2 to be plugged is adjustable thanks to a

nMechanig rﬁétHo@Chésobééiﬁdeé&b@H' i irSEtioR 18 MOl ext%hdlng along an
fixed for a machi ne dedicated to plugging a set type

gxismarpendigulan e thehewface oidhedase Thg hele apay alsedoevmaehined in
BPudr b B aldhgPS7 ak&%0rhing a non-zero angle with axis perpendicular
to the surface of the part, the method being implemented similarly, while taking
as a reference for the angle a the axis of the hole.

The method of the invention has been described in relation to a part to
be plugged, made of aluminium alloy, but it goes without saying that it applies to
any type of alloy, in particular nickel, titanium or iron alloys. It has been
described moreover in relation to a bar including a bar head of similar nature to
the part to be plugged, but a head of different nature may be used.
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woul d be provided, the bearing supporting part 12
woul d al so be adjustable to suit the adjustnent of
the angle a. 15 The hole 2 may energe on each side of
the part, here the flange 1, or energe on one side
only. The nmethod has been dedéribed in relation to a
hol e extendi ng along an axis perpendicular to the
surface of the part. The hole may al so be machined in
20 order to extend al ong anC#BIM$ forning a non-zero
angle with axis perpendicular to the surface of the
part, the nethod being inplenented simlarly, while

t aki ng 1. asAdfriciére pdug welding nhethadgios pugdieg wheleo@)t aedending

Ay T B0 5% 5, 115 g SEBHA D P S P85 oo n e
alxisn{5)i ofrthal hawy, (Z}JLﬁedahs@QﬁSathéﬁ%ﬁe PB¥iaRE td)adn ishid axis (5),
applies to parti cul ar nickel,

al | oy,
whe&wmﬁﬁwah *P%’n(\%J ¢>69§dm9tg|%1yb@@ng afle@¥$ (e ds rotated around
TR 2hid i TsBeRlnfotnd 1o D6 BilofoR vilied hariierised i
dhatdheé faxise(@) afidbe bar d)yis ited vth resPectioaihesaxis ((?) of tge hole (2)
f t I t hod e ,
S EhPAsR BTt I8 Ay ne nosterle Bapndifie 2l Siabored, at

Ohk. en‘dalblyl Mnamg BhEMnaNTE Pacieastond Poin® bakierd bdthofts ends,
t he hol e eg)g;)te ecause of at | east one obstacle (6) on

Ly igtgra bgAER@{h1)a netal bar (3), extending
globally along an axis (4), is rotated around its
axis (4) and is inserted into the hole (2), to be
frictiéh walnethodcdeooating to stimi i whdratn theearmgie fa) Btween the

i 08 o 0 BT BRI (5 el oot

ghstacle (6) and the bar (3) is supported, at 10 one
end, by a driving nachine (7), by at |east one point
between both its ends, by an internediate bearing

(L0, 3 A BEaninlng 4ok of Mbb' pE S e bar
apimprisdy aokeldmg Medde(9) 2F misinamalsizes to lpmwme frigioal wélding, and a
1s?lff]blacg'(m) of diameter smaller than that of the head (9) and supporting the
head (9).

4. A method according to any of the claims 1 to 3, wherein the metal

part is a flange (1), made of aluminium alloy, of a turbojet engine housing.

5. A method according to claim 3 and any of the claims 1 to 4,
wherein the bar (3) includes a head (9) made of aluminium alloy and a stiff rod

(10) made of steel.

6. A use of a metal bar for implementing a friction plug welding
method for a hole according to one of the claims 1 to 5, the bar comprising a
welding head (9) and a stiff bar (10) of diameter smaller than that of the head (9).
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3. A nethod according to any of the clains 1 or 2,
wherein the bar conprises a welding head (9) of

m ni mum si zes to provide friction welding, and a
stiff bar (10) of dianmeter smaller than that of the
head (9) and supporting the 120 head (9). 4. A nethod
according to any of the clains 1 to 3, wherein the

met al ar Ean , made of al um ni um al
o o P oohdisesta har featdihg 0 .@@I@ 6 m@swaaei@@gr@hgthe bar
I Gded & §|mﬁnuﬂwncﬂf aﬁé‘fhe{ét ﬁ'\e b4 6 c?efb peatl)

ea al 1 oy

bar (3) includes a unlnlum
and a stiff rod (10) nmade of steel 6 A use of a

ot hod o or Aisel R BEERId Sl Rt S0t intStobSiit B tigfon piug
weldihg rbeﬂhoddﬁplpluggmg a holeladcogiing &l ah P )onanef ﬂneSélai‘nﬁs 1 to 5,
o@ywé@f%e di aneter smaller than that of the

head
eajing SHPRPiRI R CRIeRISESRY interpegiatedearing (11) for a
\WeadiBy bat ® head (9) of the bar includes an al um ni um
aIon and the stiff rod (10) of the bar includes
steel. 8. A use of a bearing supportlng part for

ol et | AGADGL G SRoBNG 1P Sk GIELAOM Sermediate

tbeafing (Wheis @i oliéhisedrtry. i Ng supporting part conpri ses
an internediate bearing (11) for a welding bar (3).
9. A use of a part according to claim@8, wherein the
intermediate 10 bearing (11) is a roller bearing.



