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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 weldj ng nethod, for a hole

ina mnetal part. Friction plug welding is used for
pl uggi ng HFRIETION RLUG WELDING METHOB| FOR AIHQULEIN A METAL

o EpRT ISt AMErAL Bobl AR F ABRARNG SURPORITNG ParT

it is desired to FgRIMPLEMENTING THEMETHOD

characteristics, wth respect to the nechani cal
characteristics of the original part, in the plugging

atare ol e s b AT e elify mdfod Y a hole in a

I dhafakPapnd i nserted, under the action of a driven
force, into the hole to be plugged, the part
containing the latter remaining fixed, perpendicul ar

i et onbelet e waRgle Uied RyipiSaglia Rosa i par. generally

t hetropiart heles $energihghfrain bethodidbetdt thetpar, ahencated or cylindrical in
pl asticizing then welding thereof into solid

h .
Tahapead i Eatbpes USRI daen 4 Scdesiredhie FaRithe lpss ipg mechanical
o1 erEEBrb s i BSpécio thE nidtfianicaP RASCIEPRLES R difinal part,

shinpiee pligging aea dfche hplesgged. 25 Thanks to the
friction plug welding nethod, it is for exanple
possible to repair flange holes of a turbojet engine,

whi ch hax e, beg yae g%‘ﬁ%gfl%b?ﬂﬁ@ :%H%Gn%@u%é'a%fthb%g%riatl forming the

hol es, after corre chining, are ged thanks
t heartyds hothted ahdrinsertedt, iunded the aatiaro of addrivienaioece, 36to the hole to

ol T Wrorkis W el el s B seRGBuer o o

f's"m’%%%cﬁtth%FbﬁrﬁHﬁﬁé‘HSIeté‘rSEl?Ofa certain flanges are
not accessible for the netal bar within the franework

of the nethod. |Indeed, this bar, connected to its

driving TR I?rii&%nsst;]e?v%legn Qﬁe %rair %% %He 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-drilied 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
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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 sai d
axi s, such as other fl an% Thus, certain holes

ndmp!mn@mtay‘ga@f the mgthatk Tailing sullisiept algarancs SRACEHR mmaxns of the

0% or SrayBELRY S 1o RS s8R on, 221 R Atch Asippner fanges.

Wﬂn’fuw%eﬁﬁtrﬁhol@b%ay ey o8 plig %é@%sbngblhb frittiors ngmtdmg method

i npossible to be re-drilled. bevel  gear ani sm
mikpeause b apecssibity pselems: t he netal bar, but 10
such a mechanismis expensive. It may al so be
contenpl ated to develop a mniaturised friction plug

wel di ng Tacdmedy thstshauc@nmgdmwwr@ethcﬂesﬂmdyebe plugged using a
enentati on ar e
exPRRBIG anetachg. K&V o placts Bk B AmasiirBpgsSble to.de grrilied.

expensive to inplenent a friction plug welding nethod

on flanges away fromthe | ocati on of the machine

suppor t i Adevebgear mmbamialrn. miht also ipe deeglioped ventheanetal bar, but
provides a frjctjon i%gwel di ng nethod enabling to

e%\‘l?ﬁ'%ﬁ]e&f@ ﬁ%@s@?pﬁl"é lenents. In this view the

i nvention concerns a friction plug wel ding nethod, for
a hole, extending globally along an axis, in a netal
part, faitlrinag alag he contercplaiil ipaoyvelop aheisiatuised friction plug

t he cause ,of at | east one cle on said,.

el mepBir. Bichueh 8 evelopuent; A g dmPIaTgHen of such
armaggmﬁe dré aqgg@@@xﬁéﬁgog its axis and is i ns_erted_

into the hole, to " be friction welded, characterised in

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

the axis, qg@lgo thSefor8iitfle PPActRET Or WiPeRsh todhBISmbAF a friction

obst acl e.
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 implementation of a hole friction plug welding process, while
orienting the bar correctly with respect to the hole and to the obstacles.
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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 o the hole and to the
obstacles. 3 The applicant has di scovered that,

pref erabTlye appiicantohas discoeered: that,apreferablyt the Englehatween the
t he ax s of the hole sho o

t Gt of th e&ﬁraﬂdaxgem o the ol shous Pﬁrﬁ'@g%réh%%?%a' to 11°
head of mninmumsizes to 5 provide friction welding,

and a stiff bar of dianeter smaller than or equal to

that of Advantageolsiyidhe lhqapcom'pniges Rcwelding. head of minimum sizes to

A BLBIHR bl and, By . HHEBEY Gl gl r oqual to hat

bquwﬁ@ﬁeggtdp,d@@pgﬂ%thame@@ intermediate 10 bearing.
The invention relates particularly to a friction plug

wel di ng nethod, for a hole in a flange, of alum nium

g:o:olo?li:arf&d 56%@{5?‘{ il @{]%e&%%ﬁ]' Qlﬂ{ﬂﬁ’gllééxiagﬁqnemendt by a driving

rirgheling 0 byhat |s@dteone Pdistabeveent bolihats BHES! b9nan intermediate
concerns noreover the use of a netal bar, for

rRA%M8nt i ng t he met hod af or enenti oned, the bar
corrpri sing a welding head and a stiff bar wel ding
head of dianeter smaller than the dianmeter of the

head. 20T H@mvemientrelatesabmcolaﬂyeo asfrittien phe wéidﬁng method for a
bearlnlg ortin art, for,  inplenmenting the neth
efl

dddei of; pluniium jalloyyu @f gy tHFbaiel Qlf'g'é'&l Bi)'éSIng, but the
L o

25 the preferred enbodl ment of the nethod accordi ng to
theinvetlo W.th referencetotheagende

dr awi ngs!h E}VQPHO” CRNeRIPE Morgpyersdhes &€ s el e?r;af'i'eﬁm bar, for
> ﬁ'nglélmgFgl td rﬁélﬁo%][ﬂ?b t%tnbﬂntrg% bat t&%n‘fpwgﬁfd 8"welding head

rret ho accor
pragfcea istitl banwedding head of diameteesmaﬂenmanhhe idrareetier ohthe head.

The invention also concerns the use of a bearing supporting part, for
implementing the method described above, the part including 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 menty of the nethod of the
invention, and 4 - Figure 3 represents a schematic

section —angwre)B represents & sehematio sedion viewf ofi theiimplementation of

di d f fl f
P Uh8 oo it oveldingomatngl 1 &' hidle dRaR TR Rb typoiet engine
t 'h‘*ccﬁ?dlﬁgi’o stebBﬁd bmt%mem ofthd ti‘l‘\“etl‘féé lop Ehé ﬁvéﬁl‘ibn

invention applies to a net part, here a flange in a
t ur boj et engl ne 1 nade of al um nium aI | oy, V\,herel n a

hole 2 [ | t hi

o oot bt B Eehlbr, bl i e 'hange i
p'tH gﬁﬁé hemk&& ok Eﬂ:n‘i’iﬁﬁ)ﬁ%ﬂ@@'wﬁ%r@ﬁ% 'h'oiéSQ G$ %5 Beldlugged. In
those of t basic naterial, iIn order

r dhigrvieweal hotem whigh hggdecome aul@pround; mnraa_ﬂan@ape o tre plugged,
| Skt R By e fbratliate Rttt ie Bt byitnal, in order

rqurtsb ré-asill & eondepligaed, tdaaupioa dorrect BhaplETo that effect, a hole
confer a cylindrical or truncated shape thereto. This

nefictioroplg weldingirmetheslis use€hat is to be pl ugged,
extends generally along an axis 15 perpendicular to
the surface of the part, preferably along the sane

axi s al oGgnerdiiycthe degerded hele, hete obkotnoand, Ads ®een machined
t he whol e degraded surface of the hole is ellmnated

t Pre¥igHEl. in Oﬁqﬂrltﬁcﬁqné%ﬂ a gylindrieat gt tyncaled shape thereto. This new
mHBIé" ﬁéfégtﬂs%‘ﬁo}’ é to B éﬁfqg%ﬁ”‘é%dszg%@r%ﬁy‘%&g an axis

here C i'h shap ererges

f lperpen@acelaofto tthe suHaaegﬁ tﬂae pdrt qhefarblbly@ong)msé @danedaxis along
as thg ;.ront face 1' of and onto a

= SuAR thagBaisel RIS pYinGEd1Thim 188 MHoIE JogAdiert Siface of the hole
f "’IQ %hgnmat% ﬁ:hréNdEF :t@llﬁ&%afo?z@nfﬁéﬁskrﬂ?é ‘ﬂnfﬁish@ﬁhe volume of
ug

back face 1" of t ange nthe Triction
wahdttegremegvesd, a net al bar 3, here made of al um nium
all oy, extending along an axis 4, is rotated around
its axis 4 and is friction welded, under the action

of a driyRre hb 2% néfe §Mhbfcd W?;ﬁapé qt éﬁ‘l@réé@&% alfirst face of the

The nmetal bar 3 conprises here an end
t rilanggt bovhigh withpe copgideser as thefront 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 welded to the flange 1 along an
axis 4 tilted with respect to the axis 5 of the hole 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 ofsthe invention differs
fromthe nethods of the previous art in that the bar
3is welded to the flange 1 along an axis 4 tilted

the ot rioggess M s milidusoelnel avitlstad: 18, G759 sybematically
Swséiéémw g part 1Wvpetethe farigee1 Narthe hxusfe bﬁtrtdwnolélmn eethat axis 4
|ntheaX|350fthehoIe2 i.e.

t ké tharbag 3 is canfusedawvith the axis 20fdhe h@rle t2héf h@ohelezi? being often
| | t
sur’f“ggeﬁ% eﬂﬁkﬂ {ot ?%%ﬁ'%gérggtﬁg%ﬁg eﬁﬁéﬁﬁuar 8 gﬁ&ld extend

peperpendiculaaito tthe tduefasardfahe pHrt tihavhieh icalisesveerthin shortcomings
causes ce taln shortconin

ﬁ nﬁné’i rchylr},ed, aboyve. h

cdReatiengad abeves GRavEReL the methad ehtheiRventbgyagest to choose an
I {

. ﬂﬁg ngégwagﬁ the Qﬁ@% daRe Ha?%hﬁiq ﬁne“a)&’é 5td??hé’ﬁ6|e% lch allows

reat

f Igmamrlflebqblmggagahdngg acmsofmetthaf dio thia hola Z,eemtblmg to avoid
enabl 0 avoid 10 certain obstacles. The nethod

ofc h\?@ﬁ Son may be inpl enented, |ike conventional

friction welding nethods of the previous art,

according to various operating nodes, in particular

accor di nfhe anethed- ofalheedhvecmmenayrbetimprememeld, tike &conventional

S o eI 3 o o B S bBeFLS VREGE oprun
Cafibaés '|ﬁgaaflﬂﬁ1|&aécc%ré¥ﬂ§ tb ResyBhlledPUrilvER fﬂ'kﬂioﬁ Fdde or a so-called

order to determ ne the éxact position of the contact
betngetial fietian made. f | ange remai ning fixed throughout

the 20 nmethod. The bar 3 is noved accordingly, along
its axis 4, towards the surface of the flange 1, on

the fronin fhaee hodesde dirstt BRagel @BaSists, Jhdesr, pheset pressure, in
the portion of the bar 3 with the smallest di aneter

| Caniaeingeter IPﬁfo@I@ﬁ‘dt‘Iﬁ‘@ wabef thheleod ibfordercto deteamine the exact
S0P P SoBotBUERRH S, HREIL REPAR Bt udlonout o
t haettmuit dbte o i movétaacd‘.tfrdmg@eta&m‘g mdxmtdmo\aérdsathe%urface of
| Stpgrf%@ggégté)rbh@zg&tata{e;:lgnrglgts%?@seft 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 ant, 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 nutualdy by 30 friction,

under the action also of a force applied to the bar 3,
alajrr'g’IQTIOB vepltlingds therparfagnedewhiley ial fareecapplied is maintained

IR PABSES§ Rt D DX

while the rotation is slowed down. The rotation of
the bar 3 is decelerated until it stops,

i t hi n olnztneoc@sesof aeigat riatianddpe e is pised simlarly in starting

L.era e I f
SR R Y Blanh RS BRAIS S b Ftaton, s
axotdtiohar dﬂvm.nhoml is Slethitched, rsfadthaafth@rentam storéd iimthe rotating
of bar 3 has stopped, to ensure qual i

| rBYsie cWacthgs fotatwé\al saeed Ialngtmgn‘nemﬁh‘@hﬁﬁlro Bthiesmomx' which has
Pl s §f %Haé&% gi‘eﬁ%%lg Eég ghéw%?éd i QRe a\ﬂgd?fg' %€"n the ‘driven

into rofation Tnto contac

r dtietioromode.s rotational driving notor is declutched,
so that the energy stored in the rotating system via
the rotational speed and the inertia wheel of the

mot or, P&@ Bﬁaﬁﬁlng%ﬁﬂe§ﬁés&%d~%tﬁ)§/@, égéWéIﬂHﬁlvVn td fﬁose skilled in

di ssi pate I'ng as riven
nmdte. arloarr@ewdipao’atbmgiesomm deghern. b‘érwbyabwe been vgven only for
to those sk

k he iJl n b
dditrabie RRaes to Widpe.e oot ing Ryertion, but are not
i |Imi§émtdf\fﬁe BBéRﬂﬁQSmB@e tR&4én fo@hmé ﬁ.et|mggﬂ§amg&cording to

of the invention, bit are not [|m ative
optbeanvergiqu@ecmm cther bperating insodes whiakymightdbergmplemented

i nvention. There exist other
3@?&% 'ﬂgt'}@a‘iﬁhé&\"‘@ﬁtﬂ{'gm be inplenmented for the
met hod of the invention. Regardl ess of the operating

nmode selected, the man skilled in the art wll adapt
it to thBegatdirss of thehepenalinatmode selacted, tbeaman eskilled in the art

2 g 3 YR e P e i B in S tween tre
opedisii obtheabarmahdrthe @8 Sefatied Rolen®i ane atill Belect 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 titted
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 hoIe driIIed’Into a flange of 6 mﬂ

in thickness, the ang ma¥] not exce ,
wifiashbe isers thabthﬁ)axmf? I@émﬁ‘ glejevin tap f|aﬂgtahb %Mﬁ ffent side 1',

aregﬁ%o%eé‘ﬁétﬂg ! ’f@ 6. r\%lc %?s‘”o?% ﬁle?é‘ﬁlares% gdem parbendicular

0SSi orm

\/\Etbothegﬂai'@bhvdmwet beimgt ¢drtrm@témto Vi tdrivirig machmia wr Oriz0therefore
Wth reference to Fi %re 2, the fricti
t

plﬁ%e%lt@ lt'ﬂgthﬁél‘%ﬁ&l“(ﬁht ngspesti torthg axmp ks @et%aﬁcFQIg'ng to an
mz%?‘@ﬂ@ o2 ik ‘Fh% tElgrefzfufw %Eg&%r@ tc?tﬂé%ﬁl‘?é@é oﬁ gﬁs oyé\ﬁ#é%%h enables

¢can usi n e net

prtlaelbamﬁ tar ¢learTabme the flﬁr@er&cmatlng an ohsiaclbebeme of the reach
t t he ax hole 2

egn dae Feig'”EﬁﬂefSth&nQﬁ% P“F’Itgﬁ g?iafﬂp'%ﬂﬁf’\ﬁ’ﬁ %8%%"901"‘9 said
ncgarqga?ém}]ﬁpgq\ﬁa&"ﬁ@ zextend perpendicular to the
[

fl'ange bei ng connected to its driving machine
7. Che therefore selects to tilt the bar 3 with

h h I 2
;ﬁ;}ogcg 0 tqé\%éeaﬁ é)c?t' %ﬁt Jgﬁ%}g ¥ a %fvgeemgfe difficult to

t rtﬁ:c@@é'slt wgowbléhsﬁf‘ﬁ}bl‘eﬁﬁlont tBeFlﬁafe § \Fvﬁeﬁ-:‘ R SIQ&PMR% not true to
the flange creating an obstacl & because of the

r eapale, fostersier undexstanding tmasefathar Baespecialy designed for the

ol of B i BRACEY PRl Read, HE1EHS 4 bt peiow the

angeldirgnporion 6f tHe @ukts tie. tﬁécmﬁﬁonldf the pas@hidkewill be friction
still inrelation to Flgure , Where the sizes are not

t rwelded to theawall of the eg 2de berleggrthndi ng, to use a bar

3 especially designed for the nethod of the
i nvention. By welding head 9, or head 9, is neant

bel ow t hi;m thee peifoged armbedinint tdfethBaihvéntion, &0 infjfove the access
portion of the bar which will be friction 15 wel ded

t FapReithanerest, thie bese3 nelydes 3ihegged. of Mipimeal sizes to conduct
PrRIBINGSS o RS Fédfqﬁé % tﬁ}%”ggt‘égtﬁl‘dﬁg 'orth%n‘jlg@gtg%tgg y#%w the sizes

access - capacl ereo I ncl ude
ofnevessanyl tospltzgaging dhe boliu2.t ThevbhdB digrther. |acludber|aaj‘rderhm support,
' dl
z:tée abe gnﬁlf dnvg u?to ro?atlon &' ea)é <.9 Irae gtti o& 10 of dlameter 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 latter may reach points which
are more difficult of access, while the rod 10 of small diameter allows to avoid
bigger obstacles, for a same angle a, than with a greater diameter.

Still, in order to access certain flange holes, it is necessary to have a bar
3 of reiatively 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



10

15

20

25

30

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 ®, in order to occupy

| ess space, and with a possibly different matter
Tﬁefeusamcea tofiguie 3.r& sREON emacimeat Abie Eataee o thebfnventlon is

CirPiEEenid, s nafod 3 Bl Reib long PRI G hing oar o

the head 9 being m nimsed, the Iatter may reach
poi nts which are npre dlfflcult of ,access, while

rod 10 o ¥l Meihadhed charad shaised iy dhe SQTP@g\é’r’-“V 8 “previously,
dmr gggﬂb@ @TSﬁEE d s éﬁe%’f altRiRith tds Fefl ra%a% ?flf‘f rod 10 made

er to access certain
haif&eell of smahmc@aamt@r, toplugva halebin aSIangeHelasttheeHay is brought
The di st th
¢ HaiburofReh, i o NG Fashsiag) 7 uiSTOR ' COTRARIN by igws 8, around
bealrf‘ |§r@¢ﬁc§|bﬁeﬁlug%él€ ng% Q:bﬁﬂh 88 Wit t€baf 3ibARifg3n angle a

ead 9, which are detrinental to any correct
\/\/e»lltl’iti'@am&ofahehewence to Figure 3, a second
enbodi nent of the nethod of the invention is
represented, which enables to reduce vibrations at the

head of Thig rﬁét'hoa dlﬂfé]'stffbrﬁ tﬁ@EFéWousaoﬁ@b y thé %sé%?‘én' |Htermed|ate
the same way grew ous] rising possib

heearimgmdde '81ISa eaning lassitu@lted de8 a bearirg r&upppdlng part 12,

i siig BRber 4 oot Bridl HiBG e fodul”pfedediapr the rod

a 1, iserfigg ner A tﬁlﬁ\rﬂmg ipftmhthéhbalt 3| fn AoBIRCHERhEY ohane bar 3, for
8, around an axis Friction %hmeldln is

cshdmRledn ke middie obihe bar &rbﬁtwgea a6lanepiag jaws B ansethe head 9

o 3ng 58t a1 gy ol Bt Rbaffladh i ¢ “hcaring

11 This bearing 11 is situated in a bearing
supportinﬁ@part 12, conpri si ng either a bore for
letting {Mhe H83ANY ﬁHPP@G'nﬂmafbﬂ aMe¥ e idercenngdied, ipdifferently, to

QPe?%H’WHQE ea@aﬁé?lb?@ bepilGded, 16 th8 methahisn? 7AfiVNg 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, mays 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

rotation,Qr. an d e ' [ €43
beari ng éﬁ%@t?%égﬁﬁg &i%‘%?@*dﬂ E)%gr?orﬁflgg é‘:’dtovalt‘W(tehe bar 3,
driere rzg itgestiffi steel/rodt 103 'Wsilet allcwvihg dine iGtationm fereohground its axis 4.
said mechanism The beam 13 is interconnected w

th the
meldHS SHBROM reduresdhe vbiations ealysBd Rl e fotatigReat the head 9 thereof,
: i ; I =Y : h ;
AL GBS S BAE AL i R ead § dpiecteo. Sovera
Cc csupposar) parts 12 soekdopsadfara same bae nechanism 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, OnTI?@t%Hé|é‘8%hﬂdeeﬁfﬁ‘hé B%is04 %?ﬁh@Wé‘i’din%%r% and the axis 5 of

portion o surface of the housing suppOrting

f Ithedwole This, be pluggednis3adjusStabie sharkst iong reedharismn ddited to the
and.its bearing supportjin art.12 are sized in a set

£ g AR do g XY 1Rb e MAsine dEHFaRA0 plygaigrd set type of
fl1ei8ein ddsemieritsRobig t%‘)ﬁ&jﬁ@ﬂb% 8Hd WhemSsn ttBRAcdia bearing 11
supporting part 12 for the  bar 4 which is quite

moMeuldrbe pradidad the heasingssupporting:padr1 23wogldaalsadye adjustable to

e AP el oo “Tod 10, whi1 e al | owi ng

the rotation thereof around its axis 4. This support
reduces the vibrations caused by the rotation at the
head 9 the &efe 23nay poerge o each sidewofithe pask dereithe flange 1, or

' h .9 15,subjected. Several supporting
&%@Erg%zﬁ%gﬁég'q%eéﬂg'ed for a sane 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

mechani s M1 [1iqtaad has eendesgribed iyrelation ivea holerxtenging along an

f Qfyi j ismat I LAY : :

SpuS oBRENARISAR 8ISt N BaROTRe Tl Y RRL pe pechined in

I ardenta eateadoaleng @y s forming 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.



10

15

20

25

30

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, onp energe on one side
only. The nmethod has been described in relation to a
hol e extendi ng al ong an axi £lpimdendi cul ar to the
surface of the part. The hole may al so be machined in
20 order to extend along an axis formng a non-zero

angle wi{h wrmaﬂrrﬂagdn@lulr@r meitifod, h@r@hél@cqﬁ)obxtehemg globally
part, the nethod belgg npl enented simlarly

t aattbmw an &xisa(5) aneéx weta: pedr(1).Hailing @In&‘ Céﬁ&fﬂéc%&lp%c%ﬂ t{"ﬁ @xis (5} of

hﬁhg J}Ol?e(gﬁ%%gsg A fté‘telghgfzgﬂé eo%% ugg é@eSH %1 %?dsb?:ﬂ wherein a

a'rlclé‘laﬁ bam(3, 'eﬁ‘lsendmg globanrﬁoalbn‘gl arhaxis (@pYis rictdtédmround its axis (4)
plies to any , articul ar nick

t|ar[§hisulﬁﬁ@lfled .lraﬁ tgemgtg 2 tto st ng wq{gg;brqt@@@ctensed in that the

TR T or e Pt 7)€ M win Pebpectis e, BRis o) Bl inBifia ) by a non-

ofzedofahgee@t@awmethmbsmlm@d 10 Cainms 1. A
friction ug wel ding nethod, for a hole (2),

extending globally along an axis (5), in a netal part

(1), faipin hé&d S@E%rpﬁmgt toP&5 '1nw1h'é hé a(ﬂaze(sﬁf) between the

the hol e (2), because | eas bne tacle

sads i of thé)barv(e)eand he axise(Gplof e h()i%) (2) wsmatlemtman or equal to
glohally along an axis (4), is rotated around its axis

(4)' -and is inserted into the hole (2), to be friction

wel ded, characterised in that the axis (4) of the bar

(3) istilted with respect to the axis (5) of the hole

(2) by a3norh meihod acgbririga o anyadfahd ¢lhimsobsaraz| wherein the bar

e toes o BelEha Pad (5 i) odh B il ubfano. anc o
a@tm 659 gﬂf) éfhcﬁamat@r él%hllélstrr‘hﬁaﬂhla?rof théhead mtemd §|9pport|ng the

according to any of the clains
orhead Mere| n the bar

4. A method according to any of the claims 1 to 3, wherein the bar (3)
is supported, at one end, by a driving machine (7), by at least one point between
both its ends, by an intermediate bearing (11).

5. A method according to any of the claims 1 to 4, wherein the part is
a flange (1), made of aluminium alloy, of a turbojet engine housing.

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

7. A use of a metal bar for implementing a friction plug welding
method for a hole according to one of the claims 1 to 6, 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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conprises a welding head (9) of mninumsizes to

provide friction welding, and a stiff bar (10) of

di aneter smaller than that of the head (9) and

supporting the head (9). 20 4311A nethod according to

any of the clainms 1 to 3, wherein the bar (3)

support 8, # usmef aibay appording foclain Fawherain the he%ﬂ/ (Qtof the bar

RSB0 B 8 g R B F R e soo!.

any of the clains 1 to 4, wherein the part is 25 a
flange (1), made of alun1n|un1alloy of a turboje
engl ne h3usifngse ef aheasng supredBEATor unabmentlsgéhq friction plug

" o lng Mo e o aBoose ek it oF aBspels the olaims 1 1o 6,

StwﬁéreIrPMe garbtompese®n Hitephedidfe Gearhguge) fdr @wmdi bar (3).

bar for inplenenting a friction plug welding netho
for a hole according to one of the clalns 1 to 6, the

bar conpgh Si I : . :
(10) of I05Aks? o8 PaR%BRiing B SR .S é{?'@g‘? intermediate
8. berimge(19] isea haller dearingli ng to claim 7, wherein the

head (9) of the bar includes an alum niumalloy and

the stiff rod (10) of the bar includes steel. 9. A use

of a bearing supporting part for inplenenting the

friction plug 5 welding nmethod for a hol e according

to claim5 and one of the clains 1 to 6, wherein the

part conprises an internediate bearing (11) for a

wel ding bar (3). 10. A use of a part according to

claim9, wherein the internmediate bearing (11) is a
roller bearing. 10



