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The present invention relates to shaped netal deposition apparatus.
5The use okosdapedsaet al deposition (SVD) apparatus f oPCTAIEROSIONTH41
conponents is known. For exanple, where the netal naterial of a
conponent has degraded over tine, for exanple due to corrosion, the
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nmet al deposited using SMD apparatus, it is known to provide an inert
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general | 100 | mppheatagi.on of 400C. Seal ed cabi nets have

previously been yt)ilisedto tFHOV#ﬂ?vérh:e | Sef datAlofDS Rher eshépida t hpseal
have practical problens, particularly in cases,wh [epairs_ne

re ed to
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According t ne aspect of the present” Tnyention, there i's provi dedl
shaped alArgeposi N PappErdf T3St ofFTEs| Y £LRGNSL i MYy RESGPFAPLe
mounting a shapegneekalabout the deposited shaped mwetal. It will be

understood that the inert atmosphere is necessary to avoid
oxidation above particular temperatures for the particular
metal or alloy that has ©been deposited. In such
20 circurﬁstances, in addition to the particular period when
the weld is created, it 1s also typica-}ly necessary to
maintain an inert atmosphere until the weld material has
cooled below a particular temperature. For example, in the
case of titanium and titanium alloys, this temperature is
25 generally in the region of 400°C.
gealed cabinets have previously been utilised to
provide the inert atmosphere, but these have practical
problems, particularly in cases where repairs need to be
made to large components, such as gas turbine engines. More
30 recently, localised inert gas shields have generally been
employed to create a localised inert atmosphere about the
deposited shaped metal.
According to one aspect of the present invention,
there is provided shaped metal deposition apparatus
35 comprising a mounting head for mounting a shaped metal
deposition device, an inert gas shield for providing an
inert atmosphere around shaped metal deposited in use Dby
the shaped metal deposition device, characterised in that
the apparatus includes a rotatable coupling between the



deposition device, an inert gas shield for providing an inert

at nosphere around shaped netal deposited in use by the shaped netal
deposi ti onygdewismessscharacteri sed in that the apparat us pciaiE208R0841
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nounting head and the inert gas shield t?o perrrit relative rotation
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bearing menber s ngg % rst annular bearing member may comprise a first
annular disc and may be in abutment with one of the first
and second gas transfer plates. The second annular bearing

20 member may comprise a second annular disc and may be in
abutment with the first annular bearing member. The first
and second annular bearing members may be rigidly secured
to one of the first and second gas transfer plates such
that central apertures defined in the £first and second

25 annular bearing members are arranged about a common axis.

The central aperture defined in the first annular
bearing member may be of a greater diameter than the
central aperture defined in the second annular bearing
member . '

30 The first and second annular bearing members may be
rigidly secured to the first gas transfer plate which may
comprise a gas inlet plate. The first annular bearing
member may thus be in abutment with the first gas transfer
plate, and the first and second annular bearing members may

35 be rigidly secured to the first gas transfer plate.

The bearing arrangement may include a plurality of
annular bearing elements which may be rigidly secured to
the other of the first and second gas transfer plates.



rigidly secured to the first gas transfer plate which may conprise a
gas inlet plate. The first annul ar bearing nenber may thus be in
abut rent wobhowhesshi r st gas transfer plate, and the fi pstr/Gaehsgessend
annul ar bearing nenbers may 35 be rigi dl3y secured to the first gas
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second gas transfer gfat es. .The annul ar spacer el enent may al so be
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gas outl et plfatehe first and second gas transfer plates such that
central apertures defined in the plurality of annular
bearing elements and the annular spacer element are
arranged about a common axis.
25 The bearing elements may comprise annular discs
defining apertures therein.

The plurality of annular bearing elements and the
spacer element may be rigidly secured to the second gas
transfer plate which may comprise a gas outlet plate. The

30 spacer element may thus be in abutment with the second gas
transfer plate, and the plurality of annular bearing
elements and the annular spacer element may be rigidly
secured to the .gas outlet plate.

The mounting head may include a chamber for inert gas.

15 The rotatable coupling may define a gas transfer path for
transferring inert gas from the inert gas shield to the
mounting head, for example from the chamber of the inert

gas shield to the chamber of the mounting head.



The nounting head may include a chanber for inert gas. 35 The
rotatable coupling may define a gas transfer path for transferring

i nert gas Woamobbssii nert gas shield to the nmounting heady/deetosmicampl e
fromthe chanber of the inert gas shield to the chanber of the
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t her et hr ougfi®® ugg oatlat abl e coupling may be arranged to permit
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the first and second connecting members, may include at
jeast one lateral reinforcement member. The or each lateral
reinforcement member may be perforated to permit the
passage of inert gas therethrough.

25 The rotatable coupling may be arranged to permit
relative rotation between the mounting head and the inert
gas shield by an amount up to 360°.

The rotatable coupling may include a rotation limiter
to permit up to a predetermined amount of relative rotation

30 between the mounting head and the inert gas shield. The
yotation limiter may extend between the first and second
gas transfer plates to limit the relative rotation between
the plates, and hence limit the amount of relative ;otation
between the mounting head and the inert gas shield.

35 An embodiment of the present invention will now be
described by way of example only, and with reference to the
accompanying drawings, in which:-

Fig. 1 is a diagrammatic perspective view of shaped
metal deposition apparatus according to the invention;



35 An enbodi nent of the present invention will now be described by
way of exanple only, and with reference to the acconpanyi ng draw ngs,
i n which: wo2009/0688829. 1 is a diagranmatic perspective PCEWBei0sHoBaHed
met al deposition apparatus according tosthe invention; WO

2009/ 068842PCT/ GB2008/ 003641 5 Fig. 2 is an enlarged and

expl oded di agranmpati c perspective View the a of..Fig. 1: .
Fig. 3 is an exggggéd \E/)i e\l/vgoférﬁ)arefnloa{‘ergtel%g éaﬁlgar %?( g%(%lfgaFi é%ffé%%%%tlf
5Fig. 4 is- pedispgraivat viewrassheceppanatuyiefy B¥gparit of the
apparatus of Figgigl §0i3; a@Nékploded Vi8S of5pakd BfatBet ASpARDAIALILS
of Figs. positions: 1QFig. 1 generally exarrpFe be the casing of a
gas turbi neF&Agi-né. @¥Re® conponent 7 includes an annul ar channel 8
extendi ng ci rcunfegenti dkl"y ariegmdmaat bodctase-sdctimadonpeverdf deort

15 exanmpl e, whepe LOS.FOMRONENtr164l 518828, LI ne engi ne
Figs. 5 and 6 are diagrammatic perspective views of

the apparatus of Figs. 1 to 4 in different rotational

positions.
10 .. Fig. 1 shows generally an end view of part of a
generally circumferential component 7, which may for

example be "the casing of a gas turbine engine. The
component 7 includes an. annular channel 8 extending
circumferentially around an end face of the component. For
15 example, where the component 7 is a gas turbine engine
intercase, the annular channel 8 may typically carry a
seal. The breakdown of this seal over time due to attack by
oils and other lubricants may ‘produce hydrofluoric acid
which may cause decay of the intercase material, typically
20 titanium alloy.

In order to repair the intercase, the. damaged seal can
be removed and the decayed material zremoved from the
annular channel 8 by an appropriate operation, such as
machining. Replacement titanium material can then be

25 deposited, layer by layer, in the machined annular chapnel
8 using a shaped metal deposition {SMD) device before a new
seal is located in the annular channel 8.
Fig. 1 shows shaped metal deposition apparatus 10
which can be used to deposit shaped metal, fo; example to
30 effect a repair to a component such as an intercase as
described above. The shaped metal deposition apparatus 10
generally comprises a mounting head 12 for mounting a
shaped metal deposition device 14, an inert gas shield 16
for providing an inert atmosphere around shaped metal 18
35 deposited by the shaped metal deposition device 14, and a
rotatable coupling 20 between the mounting head 12 and the
inert gas shield 16 to permit relative rotation between the

mounting head 12 and the inert gas shield 16.



i ntercase, the annular channel 8 may typically carry a seal. The
breakdown of this seal over tinme due to attack by oils and ot her
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the length, aof itRet M4 @aschbu®l abdfs e demssitedesisgattmedlo 18
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under | yi ng thezileer Chgamoshitéehd head 12 also defines a chamber 30 for
receiving inert gas and includes a lower panel 31
compriging a plurality of apertures 32 {only some of which
are shown in Fig. 2) through which inert gas may exit the
75 chamber 30 to provide an inert fog or cloud about the
deposited shaped metal 18 in a region generally underlying
the mounting head 12 and surrounding the shaped metal

deposition device 14.

The inert gas shield 16 and the mounting head 12 are
30 rotatably attached to each other via the rotatable coupling
20, and are each attached to the rotatable coupling via a
respective mounting plate 38, 40. The mounting plates 38,
40 both include apertures 34, 36 to permit the transfer of
inert gas from the chamber 22 of the inert gas shield 16
35 into thé chamber 30 of the wmounting head 12, via the
rotatable coupling 20, such that a separate supply of inert
gas does not need to be provided for the mounting head 12.
The rotatable coupling 20 thus defines a gas transfer path
21 between the chamber 22 of the inert gas shield 16 and



The nounting head 12 is al so generally box-shaped and incl udes an
aperture 28 for receiving the shaped netal 20 deposition device 14,
whi ch may woromxessid e be a wel di ng nozzl e. The nounti n@ChEELBROZHE O
defines a chanber 30 for receiving inert,gas and includes a | ower
panel 31 conprising a plurality of apertures 32 (only sone of which
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transfer path 21 through the rotatable coupling 20.

A bearing arrangement 46 is provided between the first

15 and second gas transfer plates 42, 44 and is operable to
provide for relative rotation between the first and second
gas transfer plates 42, 44, and hence for relative rotation
between the inert gas shield 16 and the mounting head 12
which are connected respectively to the first and second

20 gas transfer plates 42, 44.

In more detail and referring in particular to Figs. 3
and 4, the bearing arrangement 16 comprises a first annular
bearing member 48 in the form of a first annular disc 50O
and a second annular bearing member 52 in the form of a

25 'second annular disc 54. Both the first and second annular
bearing members 48, 52 are rigidly secured to the first gas
transfer plate 42 by suitable rivets 55 engageable in holes
in the first gas transfer plate 42 and in the first and
second annular bearing members 48, 52. As 1is clearly

30 illustrated in Fig. 4, the first annular bearing member 48
abuts the first gas transfer plate 42 whilst the second
annular bearing member 52 abuts the first annular bearing
member 48, and is therefore spaced from the first gas
transfer plate 42 by the first annular bearing member 48.

35 Both the first and second annular bearing members 48,
52 include central apertures 48a, 52a, and the central
aperture 48a of the first annular bearing member 48 is of
a greater diameter than the central aperture 52a of the
second annular bearing member 52. The first and second



5Referring nowto Figs. 2 to 6, in nore detail the rotatable coupling
20 conprises a first gas transfer plate 42, in the formof a gas
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first annul gg; gﬁaggggrﬂg A& ddhddheof @l Qfec@ncfi' 58k @ﬁm&ﬁr Piste

50 and a second annul ar”beadring nenber 52 in the for nhg econd
annul ar di sé45By porifable mivetsakd Y&dshd a&r‘?mﬂn%agﬁ’é‘ Fnd &fs 11
48, 52 ame r;hgl dhﬁuS@ﬁub@drimg tdleerfeintst Sgas 58y ansf ethpl spacel? dement

sui tabl e r| % a |Sr1tgghg§ekﬁ?i§§%f4ist gas transfer

plate 42 an s secon ann earing menbers 48, 52.
As is clearly 30A8| Lﬁs@l%@@hvlﬂlﬂs@ra&mt A8 Fipst? anﬁﬁ?aﬁlﬁ%tarﬁwlar

menber 48 aeehﬁh@eeﬁbﬁ@htgas ticansicatepl dre w2 beﬁﬂtﬁia]l hepeaeaared 48a

annul ar bear. ts the first g
and is ther @ggﬁggp%dgg?o%]ﬁrﬁe T %gg% %96 44%”%% (e
first arisul aecbedr Rngulrenbeeazng 351@@!114'- t‘-’n%r f‘r’h‘%ﬁte a‘ﬂd‘%‘”ec%\‘ﬁi“%ﬁ?ullésr

bearing members %%an52cﬂen<‘cl&eéer ccﬁirgnre&terar&r tHLSE A8 &Ermmmdséahﬁng
central aperture 48a of |rs annu

greater di aReEBENENZA- tFré i@ﬁF‘F‘S éﬁeF%ﬁr Seggﬁagfa?%"ét%%econaa ann%l
beari ng nenher BRe Thecdid staramdagecbeadrimgd member 52. The Central

2009/ 068842PCT/ 08/,0364 a r Sod 5%@&&
rigidly attagﬁega%%gt hé" % 578 Al @%ﬂﬂgﬂ & © g

i'rst” gas transfer pl t hat
Nt e MboBeuaiesAeR AHLSPCSHE ARG (Hd Shd A TS | ST
the rotat ablR¢9Hg! ENgmeA:s Hhe ﬂmea&engoaatahgerrent 46 al so incl udes
first, second anﬁ'ﬁtﬁrl gﬁaa&f‘u %#exar'ﬂé%ﬁhgne@l%{néﬁt 5§e 695 ef&é‘atléﬂ
a | eme

theformof an a I'Sc a spacer
are rigidly astjraehed tDoanﬁelSeebW@“@'é's wirtdh $her S&ICQPQ 3BnB§7a§ ?%’rrég

Cl ement s, 56 el e g A rrns B2 Ao e omeond Gaeen o

transf er2yl & 4guter gla‘E‘é L ES cﬂf:gﬂ%ﬁ i PRGTS rate S&%g_g e@@@emt

first annul eprlﬂaaamng:k@ espnten6elemémicabad disn e xRaRecal %Fﬁ*@'etfhr*éhe

48a defined ,n . thed E&%b alpulkac BeanhAgdcARMeE-A8 8hd thensfer plate
44 to ensure that there is sufficient clearance between the
rivets 55 and the second gas transfexr plate 44.

30 Yach of the first, second and third annular bearing
elements 56, 58, 60 and the spacer element 62 comprise a
respective central aperture 56a, 58a, 60a, 62a, and are
rigidly attached to the second gas transfer plate 44 such
that their respective central apertures 56a, 58a, 60a, 62a

35 are mounted about the axis of rotation X-X of the rotatable

| coupling 20. Thus, it will be clearly seen from Fig. 4 that
the apertures 42a, #44a in the first and second gas transfer
plates, the apertures 48a, 52a ia the £irst and second

annular bearing members 48, 52, and the apertures 56a, 58a,



15 second annul ar bearing el enent 58, whose outer dianeter is |ess
than the outer dianeter of the first annular bearing element 56, is
| ocat ed i nwpheooessir al aperture 52a defined in the seceou/Geomsiosssi
beari ng nmenber 52. The central apertureé 48a, 52a thus essentially
provi de bearing 20 housings in which th respective first and second

annul ar bearing ements 56, e rotat
annul ar beatGPﬁg e%zérreh? ég‘ ﬁr ?tat e%ea ac%lrl] ttcljugﬁd alnrlf‘utéﬁlft ?rbee%rlng
with the seedadennaul>®, b28ri 5§ eduedxemﬁ’lGSSSPai:mi hastementoutér heamdter

whi ch is gragﬁs tbﬁ@ 2s! BeapUEEr gaemfrwmcﬂ heeﬁwom@aefmsfer
el ement 58 |na y e spacer el enent f_ls I, nt'er posed 21 ﬁgten t he
third beari R§ @Iaéne‘frﬁO“BZt%oc haP e cond®hak ?réﬁ??%rgﬁﬁats 1g4d; g6 to

ensur e t 3at thBegRamses U d |ccﬂ emie eioear:angehebai vieen the rivets 55 and

the second gas trans ‘%E Ea fi ]md dep
third annul ar be?atfrfillnig’;ﬁri enen S %gé %gﬁ gg§ﬁe é%%%er ené%? éée
conprise a respective eeRPRANH e § UFle SIB%FIJH% ARFRISFERL 4/d L &he
rigidy attaghed tahd hgesss@Ndagast tirrsfrerpphde 44,suph, t hat thiefdt

respective central ertures 5 a,. 60 62a 3 n bag
the axis of 2PBY ‘?’Foﬁgﬁrkn%f mteﬁ"g Fo?"g ani e coup ]%a%g gﬁ‘g tf%':}tS%vvl
be clearlly seensfeonpFage 42t hthet Abrapepnmylesr Arprings s liemeattie 56 rig
and second ggs,transherchd algsecdhe @@@raef§§e418@n 52a ifhidAde dhmstar

and second annul ar bearing nenbers 48, ertures
58a, WD 20@9#668%42\9@1?73@826@8/6@6136”-&11%51 &%%2%99%%?@‘?%8& Sb%ée%ld%?d
and third apewbar beafsnefedenknis 56,0168 fiG8tandnthar sheaeing| esreyr

62 toget her gef 5313% thetglgs rtlr‘%@%f %rf %%teh 1%%&1‘@&'(:10*%11%%‘[16}{[ %hfehfholes in

transfer of romthe chanber I nert gas %hl el
15 the first gas transfer plate 42 and in

irst ang second
annular bearing members 48, 52 to effect the required rigid
attachment. Although the first annular bearing element 56
is not .rigidly attached to the first gas transfer plate 42,
it is held in position in the aperture 48a of the first

20 annular bearing member 48 due to the fact that the adjacent
aperture 52a of the second annular bearing member 52 is of
a smaller diameter. Axial movement of the first annular
bearing element 56 is thus prevented as it is effectively
sandwiched axially between the first gas transfer plate 42

25. and the second annular bearing member 52.

Rigid attachment of the respective components of the
bearing arrangement 46 to the first and second gas transfer
plates 42, 44 is completed by locating the rivets 64
through the holes in the second gas transfer plate 44, in

30 the spacer element 62, in the third and second annular
bearing elements 60, 58, and finally in the first annular
bearing element 56 to thereby bring the rotatable coupling
20 together. Finally, the rivets 64, which are accessible
through the central aperture 42a in the first gas transfer

35 plate 42, are deformed to complete the assembly.

The bearing arrangement 46 described above permits
rotation up to 360° between the first gas transfer plate 42
and the second gas transfer plate 44, and hence between the
inert gas ehield. 16 and the mounting head 12. In some



5 the chanmber 30 of the nounting head 12. In order to effect the
rigid attachnment of the respective conponents of the bearing

ar r angenmenyo4bootessihe first and second gas transfer pl atespidds/odsésl
the first annul ar bearing nenber 48 is &fered up to the first gas 10
transfer plate 42, the first annul ar ing eI errent 56 Is located in
the aperture 48a.defjined_in t ann nber 48, and
finally the® gﬁﬁ‘eahﬁm 519 bégf?tﬁ%bfﬁn%%?p 91 bl oFFRFLon
first annul dimbéeri rf nepberimd 8, tihef oxmouriie ofve-‘tesla55var erdt@cabad and

through the gles 'cHﬂJyE éhgréaéééraﬁ%&raméﬁﬁf mfatleefa%l%d o dton .
first and sécond annul'ar. béearin ers 48, to effect the

required ri grBigetd¥hnerte KPFﬁg?J% tgifbeTrs Qnrﬁ}f‘%‘ﬁn%eawﬁﬁe%?eﬁé}ﬂ
56 i s nots rlfgtréi:yaaida@é’t&ﬂud ogabetiransfegapliransfior, plgt ead?, int tike

hel d in posi, ] W6 - 483, of ir r i

menber 48 d&t% %-F[Et‘g&acet%))%dE ﬁﬁe dgacg%t%ngpe(?% u%%r@gﬁ%g %6163@1%
second annurféztabéafll g ﬁﬁﬁﬁ@ﬁlf%ﬂl%YO"%h% Lenrgtlerofdianetdr .6 A8%gvided
novenent of 1hhetf1ér5f1§é‘lfm|g%fs beaahageﬁl efRdte 5G2.s thus preveited1as

it is effect sandwi ched. axi a tween.th flrst s tr f
plate 42 25*% ;{1 i{ﬁ@t% cond fﬁ’ﬁlarg b@ﬁ&l \r,% Er 7 2 atstﬁ'l%
attachmelft cbuphéngespeat i pPeviIFo feIfremnes ptﬁetbeapﬁniglfatﬂﬂbrﬁg@mm A6
to the first.g Qggﬁgcoggtgé@oﬂranﬁflers‘prln@t esmAdd ikt S, COMR ety ¥ on

locating the rivets 64 t rou ﬁ’i hol es in the second stranfer
pl ate 44, iAigdteRe 6§p&§elop fit t82 S9N Eh & BENi T T S4nd c?@r‘?ﬂm gas
annul ar bean:lragseéerrq:"ilas:eao 458, 4andif i delsiyeiln tdimtfiionsfl gromdtdrons,

bearing el enent Fggdﬁté h@kgbye)%rlqu tlbcﬁca{tqtcg{aqbl qgipjﬂsngl]?ﬂlstrﬁted

t oget her. Fina erivets are accessi Ie t hrough t
central 135perl!luFé9ﬂ2a5|?P‘ir% relet iygstor aRsR PtEB  pl ate 42, are
deformed to COthﬁteokB@rassenbbyfect aThecheait ngaﬁir I g € NS a b 1 &
descri bed above gt gt,i on etyee r S
transfer pl é?f’élpgt c#(fhéosecondmégrsl&tnqz %B gng }Iaénd§ eg@ gas
bet ween t he shieilt gastghr@t@ltaﬂslsawum@ r‘?blﬁﬁlt Fﬁgeﬁéadoqlzerd rﬁlsrcﬁife angp

2009/ 0F8342P€Z6§§2QQ§1%%{&%§& %@n@@?@d:gmntﬁohbb@ batablie coeplfiingt -
20 includes a rotation limte to lim.t t anmpunt, o fi

rotati onzoanéFOBé‘Fﬁ'Ff*n%n‘?‘?“%e]br‘{e%eltsergrﬁcﬁécﬁ rtrﬁ’ugp OPY 1 ‘{‘?\/De a% \6113% &t
Typi cal |y, the raeati gasl smielt BH and e?mdS‘-hl@etf\mféﬁ ohe 5r¢1i1$fsﬁr anagte

second gas ynansfge, g' L A2actdl andohRedderd | | ust ratada mrrerﬂn
t he amount of permtted relative rotation, is determned 1at'ﬁ'| enaqlcp

of a slot G?PPﬁfé’PiféléHe ﬁl?ﬁ% 74 rRFOYHES rHhstRs . PRt . ®s 3%
clearly il wgler af £6et N ghisgSt rénsiud 6phbteh showsthelaotat abhe 1econd

coupl i ng, 20 at &ﬁgggﬁiﬁgge%éé{% %fséé?&efaert@ tth%dmeﬁﬁeﬁﬁg of1 4 a@d e

rotation? I fro8k T Ten rotation limter rable to
secure the WH&SWMIQGCMC]ng targhsferthy asecond, 9% ’F?F‘Ibé@ ate
rotational pgsi thggg I n{ s t heoaxteesEsr ot/ | oaagageable onsin

illustrated 15 in Fi e; {0, gac
.order to efaPéEf’P&tng@hﬁiﬁ oth HEOYbiE%%ab e %%u'ﬁ T nger&cb B¢ e 49" and
mount i ng heathel Zeapddt besi mexts fras Slatel 4416 to rotatably couple them

to each ﬂSher fﬁ%§%h%an§%%QQgtE9n@ﬁBBHBHeHE"b€h§ €8t affbBd Ecoupling

rovi ded.” The fi
P 20 further includes lateral reinforcement members 76a, 76b,

78a, 78b associated respectively with each of the first and
second connecting mémbers 68, 70. The lateral reinforcement
members 76a, 76b, 78a, 78b each include twist-dowel
35 connectors 72 engageable in appropriate slots 74 provided
in the mounting plates 38, 40 and the first and second gas
transfer plates 42, 44, Typically, the lateral
reinforcement members 76a, 76b, 78a, 78b are secured to the

respective connecting member 68, 70. It is worth noting



20 connecting nenber 68 is secured to the nounting plate 38 of the
inert gas shield 16 and to the first gas transfer plate 42 using

tw st - dowakocanmnesstnrs 72 engageabl e i n appropri ate sl @C3/GBrogsressitded
in the nounting plate 38 and the firstnggs transfer plate 42.
Simlarly, the second 25 connecting ne r 70 is secured to the
nmounting plate 40 of t no i eq 2.and .t n

transfer pl 3578%21’8%%3%{(/“' 'g]?éd%%? cag.‘r?r%esc?tcggléi %?hgﬁaggégbﬁ%g?%m 68,
appropri at e 79| end thepletvedet reinfrrasmemti ngmpEase’48, andlt heSaectiil

gas transfer gl ateadfeq3Pbnehderddddintinat ed reebedi BBALNAt §8sT Ot At Al
coupling 20 turther includes |ateral reinf o%yaf;e{c%ent menbers 76a, 76b

78a, 78b asPELEt &d r éddtitPel §P WREHF R PRRLIIANATERLIERIE

connecti g menbecw=6R8, tHO. fThet | aidkredconel wher terprtenenbetss 764, 44,

76b, 78a, 7§pl ??Q] aﬂﬁéydf%é%\éi%eﬁj%%]ve?ﬁ connectors 72 engageable in
5ts 7 provi de

appropriate’sl r in the nounti n% pl ates 38, 40 and the
first and secondIgagomer arRPImeNtt.esner FixsT 2P E8FPHI TR FLRARFERT
rei nfor cenegh apegbeaps 4@aeaébbinéBade 78brawecsegqusedisorilbetion ports

respective nnegt i er 68, 70, 1t .. I oting ;

2000/ 068842867 CB200BR0SBAET1 4 28O O;/rﬁi%éﬁmﬁ’ff thﬁ’e }fl?e?fstt \%‘% RETont
connectilfy wbmbegs 8Be TFotameblecdumldngl 2PeifmPor EBfreARSRENBR? sSiFgald
76b, 78a, 78h aEg athachgduheiihe Kaspeatl Ve diakalk 0Bep8S0PEd JaShaped
transfer plate 42, _44 prior to assenbl gf t he bg@éjr?ég %erange nth'Se
46 between FRESFIRt Hhd AecBRER gl Ader BT BEHD, 4% FR-FHE

manner descebbediagore., as indivesede benbdu nemays theihi Fdg.aMd The
second gas tf&%g%f &l pls%t@%\ﬁ%co#}%ic%gﬁg gn@%légg %_SEOWOOfal%S_include a

di stribution_ports 80, rect a proportion of th% i ner.t %as
passi ng 0 PArsaghtyhefr Augmbyas cBuprT RPSP™ R thedfnePf gqdony 2
shiel d 16 tqotBenBBUNEdeg herdebZ,t eharHs adepasialdedws kapedopmtteidral of
in an area ner.al |y underd,yi t t e i ;

i ndi cated b hé‘ngr;%oﬁs? SAf:l)rél’ulglga @g;ggﬁg ?llt?l‘ sfgg%gﬂ')sfe]%oﬁ%%%geczt? v
nenbers 68, f10wakovairde| depoaiusd pfharad mpterigdcAngas Arser PBUET /MY
ports 84, 8G.qakopgng kavernmsiaedge cohplend, 2ohi ey agalitalddowya the

proportigon of the inert gas f]ow.ng through t ot I plihg
to flow bwardsvgeFosit éd-Fha 'e\é&?ra?’éci] ralu&l negsﬁl%er e@%n@?%y‘ﬁé& i

under | yi ng tfhewr abatabibetbeuphs ndi0;ika iiondipextedsBy £Re 88 aff ovkhd
inFig 4. I r t.0;RRSYEEnd At ddi@rs0aF6aan FkBw t ovar ds7ébe gos
di stributi or}%;t)%r&tgg 8%,&%2, 84, 86, the Iratergl .rei nforcq:rlj]{ser};tetﬁ%%eks
76a, 76b, 7®&riPgBteActPcPPEPLE dd'% PATERHP O A PR sEHR Wi iThert gas
t her et hrough. Al hheughginbedbodbheniod tdE i bent Lovehaien bekaves been
described. in the.precedin ar W Lk x BNCGite WHidSce to
exanpl eséjS i {aeﬁgﬁﬁ’&%be%pgrh%ci}ggeg tsnhgt %ari%ﬁﬁ modi fi cations to the.
exanpl es gi werricamy bex a t Bbutshrapar t PRg FPERCERE e dge of VERECOUS
present i nvendi®lcaddopkait®dchEolex@xpipke, gitem beay i be anadegenehout
46 may be of 30 an alternative configuratiqn. I V&, n$nt o
the first afPREEIng cObhfBetiiy FENB rs%S%%O%%E%g{prlovi ge or o8
attachi ng t he #isdedt.alflcr cxapipleg 20et beekeny nerrapagment et@ oY hg of
the rmun_% ngarpe%q.t%%native configuration. Alternative means to the
first and second connecting members 68, 70 may be provided
for attaching the rotatable coupling 20 to the inert gas

shield 16 and the mounting head 12.



12 Cains 1. Shaped netal deposition apparatus (10) conprising a
mounting head (12) for nounting a shaped netal deposition 5 device
(14), an inert gas shield (16) for providing an inert atnosphere
around shaped netal (18) deposited in use by the shaped netal
deposition device (14), characterised in,that the apparatus includes
a rotatable coupling (20) between the nounting head (12) and the
inert gas shi;el;10 (16) to permt relative rotation therebetween.

2. Apparatus—attUleng to claim1, wherein the inert gas shield (16)
is generally arc-shaped. 3. Apparatus according to claim1 or claim

2, wherein tihe rghapaél enezﬁlpldi@goéﬂ&)orcoapphsasw 103t @empdiAngf ea

15 plate (4 nnec to e lner I C

transfer pl g{o ?‘&H? tgl(;%%ﬁiec(tﬁg tocgieh‘éc”‘(?)r[gtlsjln4q 3 % ég%i T%tgf g@gog%lon
bearing & r seydeent (Y46) Bot vid@rh hgas| rsévtleéﬁld §Eebndogaprovdsting an
plates (42, jdke ta%oagﬁéraga@bﬁﬁagsﬁsﬁéd(ﬁ%@&apel(mg) oaegs@@i@ed Oin use

t | tat 20 f
PP Rt es (42 DYAERe itk SNRErh ATt CicT ofGYen DOt heef ERacteriass
nmounti ng hedd (@)t abdet bepanetusgdgcihdesd a( IB)tatableApponpting (20)
according t%e@.lv@lefp ?bhé’hﬁé&ktfhﬁé‘ehggé‘r '(ﬂ@)ara[rﬁf‘ggﬂgntln%@ dd¥| HHes14

first ag}% secon annul ar bearing 25 nenhers é 2) rigidl y secur ed
to one t H&o#i FSt P‘aﬁ‘al"se"c‘?}rﬁf a‘?srPFéﬁéPErt ?5?%%”(%&“ 44). 5.
Appar at us aecor dhpgatates aaocedrdidreres ncldign f 17 svhenein arthdedmerty gas

menber (48) ghS§eh gpg rr?__p %ﬂéﬁlqgeagt: gﬁg Lirst and second gas
transfer plat es”§4 a% second annul ar _bearing

(52) is in dbut nBRPATREE (IREIIIDE &5h GLErThdalrnGLAemRbar Vﬁﬁienﬂh‘éhe
first and sectatanbaul@udida ng2 ok nerpx(idds 53) Hiargty rgagi dtyansfer

secur ed 50 gi\ageore@szcameéﬂgéttc@%esg%ndggﬁ (38360118} 31 £54ddna

44) such th central_ apertures (48a
and second SARulEFRTEST nBLlAkRDEE) (48°n%%§t%9eté’rr’é]h%e&1°é’5’(§d@9a head
conmon axi S{126, Apfamabearangondraggémerny () chatwserd tloe 58ivdteratd

the bearing é‘&é@&ge ry (élg%néfﬁ Udgza@egl ur@glidty gkyannuhr bsaring
el enent s (58 % secur
arrangement ( 6) belng operable to permit relative rotation
20 between the first and second gas transfer plates (42, 44),
and hence said relative zrotation between the mounting head
(12) and the inert gas shield (16).
4. Apparatus according to claim 3, wherein the bearing
arrangement (46) includes first and second annular bearing
25 members (48, 52) rigidly secured to one of the first and
second gas transfer plates (42, 44).
5. Apparatus according to claim 4, wherein the first
annular bearing member (48) is in abutment with one of the
first and second gas transfer plates (42, 44) and the
30 second annular bearing member (52) is in abutment with the
firgt annular bearing member (48), the firgt and second
annular bearing members (48, 52} being rigidly secured to
said one of the first and second gas transfer plates (42,
44) such that central apertures {48a, 52a) defined in the
35 first and second annular bearing members (48, 52) are
arranged about a common axis.
6. Apparatus according to any of claims 4 to 5, wherein
the bearing arrangement (46) includes a plurality of
annular bearing elements (56, 58, 60) rigidly secured to



13 the other of the first and second gas transfer plates (42, 44) 7.
Apparatus according to claim6, wherein the plurality of annul ar
bearing elenents (56, 58, 60) conprises a first 5 annul ar bearing

el enent (56) located in the central aperture (48a) defined in the
first annul ar bearing nenber (48) and a econd annul ar beari ng

el ement (58) in abutment with the first “annul ar bearing elenent (56)

and Iocated 1, t cent 2a flned i.n_the se
annul ar 10 bearl %3‘ iTertb f’%;h(%% Y%pae)rca s 9B & émngefro F& i '/(,42'
wherein the4dflurality of annul ar bearlng el enents (56, 58, 60)

conpri ses awﬁhlrdpgaeataé bBeabi-Adn |QBEEla£ﬁ0k 'Ghébéiﬁﬁﬂhewbhhrbﬂgty
second annul bearl el ement (58 and gg EB?Uter di,amet e
an

greater tharf QEFﬁﬁEQeF epfg d aFOBRL!FRY @IgﬁEHF
(58). 9. 5A@mmwdams @eewndgngeﬂemehalnﬂsﬁ)mhéoeanedhelbeathag central

arrangement (46} ,i-aCl4dss aranadl an %@1@0%&r%keEﬁﬂhlé@%ebhﬁ&“hgﬁﬂér

with the thifrd annul ar bearing elenment (60Q) and 20 said

first and sdé8hd3Fes & SEFOREr FAIREL @E?Ilﬂz)81?ﬁ§n§pééé} éPeﬁPHFment
(62) also b@hmg mhgi&mrsseemmadaEOb@amdngtbEEmeﬁttheeflasﬁ andasedond

gas transfer , r cordi t

wherein the hlguraeiq'& 25a%41)%1.hr3]é3| ar %gara%ggngtﬁe%ntes}%( S%e&g“ga mggfmlar
t he annu“hrb§§§ééﬁ @?@H%%t(i%&) are rigidly secured to said other of
the first asd senppargesstaecsi®ing| ebealihn, 744yheveint bRé prephlity

apertures (éﬁar ﬁﬁ?ar6B@Fr§§§) ?%@%ﬁkét¥58f Q”“égL BS@Q&PQ%%'Qnﬁﬁiéd

(56, 30 annu spacer are artanged
accor di ng anW%éFél RepRéngotakemand corPl i by EROFmERE| WdSha "@}Eﬁs second
transfer pathn(2d) beartihgnsflemehtg (589 targphdwiony tdie ovest Easmsber

shield (6) h unt| he 12),. 12, paEatus, accordlng t n
of clalé§ 39 %gaﬁig ereln gneggFéBot e%p sﬁrs%l gecgnghd g%%fa¥
transfer pl §€é§17(19f2&16m9m‘+ nd&ides a pl uraI ity of gas distribution

ports (80, 82) tmpshreeisi Beebrdasgt @warsiaidepesi Wadrehapatdebdhring
arrangement (46) includes an annular spacer element (62) in
abutment with the third annular bearing element (60) and
20 said other of the first and second gas transfer plates (42,
44), the spacer element (62) also being rigidly secured to
gaid other of the first and second gas transfer plates (42,
44} .
10. Apparatus according to claim 9, wherein the plurality
25 of annular bearing elements (56, 58, 60) and the annular
spacer element (62) are rigidly secured to said other of
the first and second gas transfer plates (42, 44) such that
central apertures (56a, 58a, 60a, 62a) defined in the
plurality of annular bearing elements (56, 58, 60) and the
30 annular spacer element (62) are arranged about a common
axisg.
11. Apparatus according to any of the preceding claims,
wherein the rotatable coupling (20) defines a gas transfer
path (21) for transferring inert gas from the inert gas
35 shield (16) to the mounting head {12)-.
12. Apparatus according to any of claims 3 to 11, wherein
one or both of the first and second gas transfer plates
(42, 44) includes a plurality of gas distribution ports
{80, B82) to direct inert gas towards deposited shaped metal



14 in an area underlying the rotatable coupling (20), between the
inert gas shield (16) and the nounting head (12). 13. Apparatus
according to any of clains 3 to 12, wherein the apparatus includes
first and second connecting nenbers 5 (68, 70) for connecting the
first and second gas transfer plates (4 4 44) to the inert gas shield
(16) and the nDunting head (12) 14. Apparatus according to claim
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head (12) apdaths ipes! 4as sthel@hd 16hert gas shield (16) and the
mounting head (12).
14. Apparatus according to claim 13, wherein one or both
of the first and second connecting members (68, 70)
10 includegs a plurality of gas transfer ports (84, 86) to
direct inert gas towards deposited shaped metal in an area
underlying one or both of the first and second connecting
members (68, 70).
15. Apparatus according to any of the preceding claims,
15 wherein the rotatable coupling (20} includes a rotation
limiter (66) to permit up to a predetermined amount of
relative rotation between the mounting head (12) and the
inert gas shield (16).



