SHAPED METAL DEPCSI TI ON APPARATUS The present
invention relates to shaped netal deposition
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apparatus for repairing components is known. For
exanpl e, where the netal material of a conponent has
degr aded over tlpp for exanpl e due to corros'on t he
degr aded met al S R Q et ni ng,
anddreplaceg usi ng SND apparatus . In order to prevent
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can be uti der to create an acceptabl e
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0 av i dation above parti cyl at ures

EREBat | (fﬁiear Gfet OOy t h esg%ae%%é derﬁ%%?fedcan be
el ,ci stdhst ancelsy mnacalmlﬂungJ,n tama heepdpetiedul asing SMD
periaqd V\A?Senthe weld is created, it is also typically

aggéas’fs?ary to maintain an inert atnosphere until the
wel d rfat eroedlehas teoolmessitow expdatienl apf shaped metal

td%?&)%rl%telg eusfﬁ)é SN Shatdtdde §@S§50fkﬂdavh@nt6m§¥tﬂllde an
ani um al this tenperature is generall hD

A&GITEn @rmth@ce inedihed 2T nets 2h pPEVE g}ﬁé’%y about  the
:@%@J&éiﬁ:léd S€Hap&d prRtiade thﬁpidﬁ@llyﬁlt easphee, gabk, such as

ese have practi art I ar|

W& 1 BT ?ene%g b’%gﬁg n;ﬁldebf@ alrtgog %%%%%%grﬁ%asséceptable
_sam’ra:aﬂlegas tbhobtnelengidepssivede sloamead | pethdcal Tsewwill be
Ine Squmkfitdstﬁé‘vﬁn%ﬁef %lml&ég%%?@ elrgjlr%’ceéjséé)ry to avoid

ocali1sed inert_at re about the
d:eqaaiﬁttlédl sk@erdl Rerhiculagc @rearpﬁgartargﬁe f&rpet-cl?e oparticular

the presgpt iMVERNS i ORhakhergads pev de@eﬁ@@ﬂ@éldm?t an such

deposi ti on apparatus conprising a. .nountin
RIS tapedtma S n%é’d’b gl d:rpedeﬁ??pégc‘aﬁafné?etrmd when

dafe shieeld {or d¥eaidedi ngian is also typically 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
generally in the region of 400°C.

Sealed cabinets have previously Dbeen wutilised 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
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
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 by
the shaped metal deposition device, characterised in that

the apparatus includes a rotatable coupling between the



10

15

20

25

30

35

i nert atnosphere around shaped netal deposited in use
by the shaped netal deposition device, characterised

WO poovjaei842 he appar atus includes a rotatabl e coR@l/GB08/003641

bet ween thenpunting head and 52.e inert gas shield to
permt rel atlve rotation therébetween. The I nert gas

shield ma I haped Th b
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a

hi e
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a@ﬁatapndub@@wm e bfellr%t aﬁ%@né‘ﬁfcowit ﬁa&net%'n%ﬁ?é plates,

BhﬁS%EQEéfﬁﬁiH“EéﬁﬁtiW@ﬂﬁéﬁéthﬁtBétw@@ﬁ $@eObunting head

hearin er y conprise a second annul ar
SP ctgﬁdlﬁﬁﬁtb app s Qﬁgnt with the first annul ar

bear| rl‘gerTEHﬁIenngTh&rféangémen'd seyonchanmd af ibetr iamgl second
8%8r fiol m%'ei\éats%w # o0 e it die, [dddlrdlto one

n es SUCh at ce apertures
d»éf thed fllﬂfSlthenfil ss-;poaridggéc@ﬁanaﬁﬁml alabesri ng

nmenbers arg a agah Abopd 2 A1 CQMABALA%! fay [ ROpRIlAla first

aperture defined in the first annular bearin

papuBerofdifyrand ehadi hfetldy AN He Ciher 8?‘ aﬁgbttth‘ee first

@%@lyﬁidﬂaté&sS@ﬁ@ﬂﬁf@ﬁnphatebeamhegs@wﬁna anniflear bearing
first and second annul ar beari

PPORGTy BEEufF8EPESSEhe fFFg?naagar}r}ans e(rils¥ataendv\hma% be in
myltmmnrlmm ghs ifiket pratwelarTheedtriny alﬁmtpleg:r The first

%%%r{E%hgyybgﬁng§¥rt%%%rQ%d'héﬂ%gﬂ?n$aynbg14%% &fﬁtsecured
to one of the first and second gas transfer plates such
that central apertures defined in the first and second
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. .

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
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.



10

15

20

25

30

35

plate, and the first and second annul ar bearing
nmenbers may be rigidly secured to the first gas

W@ e@po688e2 pl at e. The bearing arrangenment nmay iPCT/G8#2008/003641

plurality of annular bearing gl ements which nmay be
rigidly secured to the other of the first and second

gas t f h I f
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annu rin nd_whi h

dlane?éF ?85?3%%¥han %h%r&& %ﬁ “%%éﬁe?%'f%%éﬁgfgé third
annuﬂarlhaanunge&knmﬂmt WHhehb@aV|m@ aﬂﬁaﬁgeﬁ@ﬁntww%th the
EEEHQGd%hd%&?“ﬁ%éﬁ?ﬁgxgléﬂéﬂ?”ﬁn&m®ﬁbcﬂaxa9€Hd%e an outer

utnment wth the I rd annul ar bear|ng el enent and
dhroRtREy BECRFERDRNRENt thet OYeeR Stifdetsr t RE f Fhey second

aﬁﬁuiseoaéagaﬁgt EQB&EQE pl ates. The annul ar spacer

el enment al so be ri secured t ai d ot her -of
the fiPSt ety pParede FRo =inuiar spacer

pll emahict lywloiclannulyarbéneanl regoett resremn t wiahd the abdgbarannular
acer _ele A c ed;to er, ;

PREERheS, ETRERTO e WO PrEetd Shieersth aaa
ehEnfaIOépéTfteur édrgbf ianrd |S|¢0Pﬁé pﬂl%l?alqrt%ﬂ%ﬁeranﬁﬂtpéles The

Beannag %ﬁ@y S Pk At enRpnal 86 §ea€f@§1@h9ﬁ@ac@ree1 to said

arranged about a commpn axis.. The bearlggr ingnts may

@éﬁﬁﬁ'@é &bsuitdrsd 888 §6CPRANGASpEFRRF P&FR The
Dl ur althley pfiuanikgr beardmgiledemeniayiand elerepaser and the

nt may be ri.gidly secured to .the s cgpﬁ
r srﬂy g&'f?"?‘fnﬁ“aéforpperl seglcpl asseo eC? p? Et;a“ld other
bife Shacefleserrmnd meeconds pasi rtwmafent pliaties heuch  that

%%%% 1ga ge&%%§%%r B3t Geg@ndnt henpl upahibYie, of annular

ur-a
bearlng elements and the annular spacer element are

arranged about a common axis.

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
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.
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.
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el ements and the annul ar spacer elenment may be rigidly
secured to the gas outlet plate. The nounting head may

WO peess4n chanber for inert gas. The rotat abl BCT/GB2008/003641

coupling may define a gas transfer path for

tLansferrlng I nert gas fron1t e inert gas shield to

t he nmpunting head, nple from.the chanber e
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gnétégbuﬁawnlﬁ@maev\fra c 1ﬁﬁalb@yabrfarw a@sdmmtlon ports

o ds d d
HRGEF| g DBhE TR It CoS g Mok wash K orjeposited
gaspsﬁlebdaandjthalnmnealngdbeag;nihEhappaﬂa¢w$hﬁnpoupling,
geluds Lheolnad ageonfl;connanh! e MRODAL EnlifhGha ™Y

& arranged to con |rst and secon
transtThe @p@@@§qﬂ§tmﬁyltﬁﬁiu@%sféﬁﬁéléndnéqqﬂ?d connecting

FRHBELRY fech @RS Obebolhrfigddeth r@ém@é@t Sdeflrst and
connecti ng nenbers i ncl ude Iurallt
F?§ﬁ§¢e9a§oFﬁ§Qﬂﬁ%ﬂ1ﬁ%ﬁF%ﬁa%ﬁr% edNEBE PP ECF idd and the

gaantewar Hsadeposi ted shaped netal |n an area

under lg{,' g gg’r?&g‘r g%m Of ths[ ba}e sec q’ldsegoq{}ge ting members

conne doupt g,
maysquﬁwmmaanplumdﬂxﬁythé gasstrandfgécﬁnats Whlch may be

%gggﬁgghngowﬁmrc% '@ﬂi’]ﬂ %y%ﬁrd§@p@%é@t@f[§éed metal

reinforcement nmenmp e or each | ateral
ﬁ@iﬁﬁbﬁ%@%@n@nﬁ@ﬁ%ﬁFnﬁaynﬁeCﬁéﬂﬁﬁﬂht%ﬁ EBepéimst tapd second
passage iah m@%bgrgas t her et hrough. The rotatable

bet neahe: HESHBGHL U aFd (118 | ere: GE Shiol @ byoth of
&heaMpUnEt URHAD Béﬁopd_‘l’f’c&:rrrtﬁaﬂi:a‘tg emembptsngmray 1nc1ude at
&%%!? dg}ﬂa% :}%td%t L?%Bnleliorago?fe eé%r%grnggo@ba%oaﬂq@ or each lateral
reinforcement member may be perforated to permit the
passage of inert gas therethrough.

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 relati&e rotation
between the mounting head and the inert gas shield. The
rotation 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 rotation
between the mounting head and the inert gas shield. '

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 1is a diagrammatic perspective view of shaped

metal deposition apparatus according to the invention;
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between the nmounting head and the inert gas shield.
The rotation limter may extend between the first and

waewonesgns transfer plates to limt the rel at PABEGB2008/003641

rotati on between the pl ates, d hence limt the
amount of relative rotation betvveen t he nmounting head

and the inert gas shield., An Odl f esent

i nventitdh widl | “rrow 3 de&lcar]ﬁgo }6?01 é%cg‘pp(i agrammatic
p&tr:;;\sﬁea:mdei Mielwebér eheeapparIaEuacoﬁnﬁagyl mg draw ngs,

in R4 1% [ anyratd e,

of shapg]d et al epo |t|d%r(1iag’gpar atfu?agrg{:gﬁ%%é/t oﬁ(}%#gtus of
Fagent LoAPAi @7 2 is an enl arged and expl oded

d|agr@H@atMp:ﬂ§f§p895§¥§mMé€beEer§ appanahts ik bf part
3 is an exploded view of part of the

Qﬁpélhét BEPeraENgsOT1FAAE - 21: tRi §/ 29fs a diagranmatic

cr 2stsa_:ag@«,t| wglar':lw 1 @fepahtagrfantrmlapppémpscoivéi gdews of
0 c_an | .5 and 6 are ra .

BEFSp%BP%%gWeV% of ‘G appar@t us o%1 F?&gkeie% Fefptional

@bfsﬁeﬁeunts rotational positions . Fig. 1 shows

'gener%J gyeaﬂ W € eq{er%quty Ofana geaerfldy of art of a

circunfereniia conponent . which may for exa

okacgadilig o-*rlrawgrsf@rﬁ;)rtmaﬁe eFRITREIETthe Eonpévﬁén?l 7maY for

bRekipdes @ anmd arc Qig;nebﬁ ext efd Nurbine englne The
an end face of theetclorrpone

circunferentjal | C%es
FOMPERERI e, ’ 7 WS HIRE coponBRPUTSTs ShgRES] y i neextending
efgicimfictieitdaday theuwmmurarendanaek afwa;ynq ypingadignt . For

Emr e BoeE S i ae o RaRefl T A S o) b dane engine
hydteaicdager, i ctlael cRviH Jae nwa@él@ée decedy oft itHgally carry a

IALEr cagR ML Rwn IPIGAld Yeddl Qf\}éﬁn @irﬁ@)’dué Ne®r&efack by
to repair the intercase, the damage eal

ey eaNEn PR déskFédariter fayY Ié"?ﬁff)‘&? %@ﬁﬁ’%&uorlc acid
APNWAMMLN 2888k e 8db¥apnodpphepriraicer oy atdoerisuchtgsically
machi ni ng. _Repl acenent titanium material can then be

9@y 2 er by layer, in the machi ned annul ar
channaln &mkmg @ shaped thet aintdeposse i orhe SiDjagedi seal can
proremovéﬁN and the decayed material removed from the
annular channel 8 by an appropriate operation, such as
machining. Replacement titanium material can then be
deposited, layer by layer, in the machined annular channel
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, for example to
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
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.
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a repair to a conponent such an intercase as
descri bed above. The shaped netal deposition apparatus

10 general lLy.conprises_a u hea A2 f ntln
2 shapbd Meth HBpcSreroritevt ca th, S nedt ot n the
shilektira6etor guovditherg: an thert mbnmsptmse ashmaﬂid 16 is
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gasylalnlehdnnm Fidy theeéha;p:edbﬂetaekled@tpeﬁltthnensure that
gﬁ%g&gléﬁé %hi@léll o he @%eaéhte d metal until it has

nmperature bel ow that at which oxidation
occur §hed b@ﬁﬂr? aafe ahiehdi difs, LEn@Ese RN Y cirXshgeed to

hergthB, Of-Hhddmerd mas wh e_LrQar]tﬁ Jdd lafeethdé Dudes an inlet
sel ected to ensure that sufficient sh %

86t diMedthThd ST t 938s éh.lewaep?%eiqeﬁ% 47 ythe inert gas
Qﬁleiﬂapad tomghefiisee aa cbanbel il foofr apertnEEB gast shown)
B85 MR Ade o2d hoy LDEc! BRE! MR |0 provide

I hert gas s conpri ses
tnurlaiextty Dby aper talresi (Ftetuts hiole) dﬁhp@a‘gﬁdmk@rpadqémtal 18

%?‘ gﬁﬁfb%ﬁ ihe (chanberls 22ik94pr@vide an inert fog or

e deposited shaped netal 18 under
t he i F&et "@fﬁ@tslm%lléle"i@ 1%hésm§&ﬁﬂ e o b %%a‘fqg@ed and
%?ﬁ6%@b%y gax- a%@ﬁ@@ﬂeaﬁﬂB|m©kUdﬁ§c@ﬂvﬁ@§rHﬂke 2Baped metal
ceivin eposi tion devi c 14, mhlc

REP OBt %ihn%?%l%g i‘l @?’n%‘ n83%| & CTTHE T, eln ing he Qeldlng
L&g&ll&ol dlgfe nmmtrﬂngnheadsmzfaﬂ.spedelfww@ |me¥har§%@-‘ 30 for
an |ncues an 1 ng,a pl it
S gperty Ig‘azrt(o Bso%éngf ic c!le:lére %hoaﬁ%{eﬁl |%anel 31
2:o)nptrmsough a/\/rwl:lhrahew ghsapaytexpe BRe (only some "of which

are shown in Fig. 2) through which inert gas may exit the
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
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
into thé chamber 30 of the mounting 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
51 between the chamber 22 of the inert gas shield 16 and
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chanber 30 to provide an inert fog or cloud about the
deposited shaped netal 18 in a region generally

W@ 2e/0688#hg t he nmounting head 12 and surroundi PGI/GB2008/003641
shaped netal deposition device 14. The inert gas
shield 16 and the nmounting head 12 are rotatably

t ached h b
B ar BoBHER ol actied Ps { REURbEBYabi e Codpl | G PaTmit the
tespeceirvefnyad | figopl ahe 3Bamber Tre m)unhenghphmaataes 30, as
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geecslﬁnelaal@e into the chanber 30 of the m)untl ng head

12, VR@fEQ@lh?t @bl eccopphing 220 osuch thatmdre detail the
separate su i nert gas, does not need to be
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t h h 2 h t 16
Rt Re EhaRBor L30CoPet RS iotini g nébd £31 erfid 2 second
the ttrraamfa‘f@rr dlages 44 ominhéhehdither @R @ogeke widmierplate,
%gl’lcﬁs 1‘@ on%%c‘é%ﬁc 'iR" bptqlxé rr‘ncfdf{ttll?{a' ﬂ%&% |4d %@gtﬂé] mounting

€ Specification. Referri na now to Fig
herd dét- a.Bottfhetheot%mm eap uﬁepﬁgdzeaeor%mr@éera Plates 42,

falgr ancgﬁjfdérﬁﬁe§€ﬁr8§at4ezaf12 4bg tthe f6fhef par@asof the gas
inlet plate, which is c tedtoé@e m)uni bate
s tefe PRiEr £ 19557 SHE I& Cah@tateRcondoYRS: aaﬁ fer

pI at eA44>.eaJrrink3helrfr®mr@e®ferﬁ gas icutgredvipleat dgetegh tilse first
nect ed othe | e4 of the uRng.i
gd SFEOBLt AT he & rgtsft Igrﬁa?éecongzgas trar?’}g;f g% p aetr(?é)le ko
@20V441e| rfcjmdree]eqjewmr:eetauzaon4hetweeaefchﬁe fgamt gind second

ygupl i néltsrf%r}s LRt o2l 4hr ough Hdiged of s af%ﬁatlve rotation

bearing arran enent 46 i s provide

betwesn tthe f RSt afidSs Yas 161 a1 he pinatl@El&E head 12

4diamd 4 Se Opehakkeeto fuspadiei F&ry r ebatdhee fotati emd second

between the first and_secgnd gas transfer plates 42,
RS &FGTR ﬁEepﬂé‘rterseggt'l \? ‘rotation between the inert

gas shirelbrkd dsthiheanduntEagrhegdih? palritdleudee to Figs. 3

copnect echpﬁ e@gae;wegﬁrgrf%ént&élfét -G B80T BBFst annular

nore det and referring
ibregpamta qudmlper 04 & ggl the form of a first annular disc 50

and a second annular bearing member 52 in the form of a
.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 is clearly
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.
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
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and 4 , the bearing arrangenent 16 conprises a first
annul ar bearing nenber 48 in the formof a first

w@rivaloeas42li sc 50 and a second annul ar beari ng PENGB82008203641

in the formof a second annul%r di sc 54. Both the
flrst and second annul ar bearing nenbers 48, 52 are

igidly secured to the first gas transfer _plate 42 b
SO EBFe DEAFING SRR bl &F nahpl 849iAlPhetEached to the

gasstr gasf errgilstea 42 e 4 é@etﬁhtSthe@da%EHMthted about

annul ar bearlng nmb 4 is cle
PSP st ﬁnf EBIS %elpgr§¥“%ﬁ%ﬁ arggeépFatlon of the
meiberbd 8 abupélnHeZﬂlrst gas transfer plate 42 mhllst

the S%ﬁ%”%e%&ﬁ&ﬁ'ga r%@l@eﬂlgn@%e 1%% 31*%%81%&&9 fllrssé second

annul ar bearin 8, and is therefore spaced
pREmthrads jgngu b?%ﬁ%ﬁ%ﬂe%ﬂ@ﬁQF%25@y PRe ﬁpps@aCh in the

@a%: Jt g&@r bﬁﬁu‘lﬁ%@ls‘&i ﬁ%hat rsfpagderxstepémlelxs@cew all of

annul ar earln nmenber s include centra

YPeFhuPEs & Ya at&ﬁ&hte%e (?erlfthrealseaﬁ?é'lqe HE® Jgpyiter plate

@heﬁyréﬁlfgw&éaflbeaslﬁg 1575100 d&blengégaagleauerholes in
anmet er .t han the t er_tur 2 f

ghﬁur‘agpug_gér“ earlnﬁjbrele% %% 5t6f, %85 %P Eﬁlee element

rst' and secon ann
EéaandgthenBeCQHdSQaSZtaﬁESfeglEﬂ?tatﬂéched to the

firstagas J ranshar, QIQ%t%t%@ tll?latFltgﬂeyll aren it &d annular
about a common axi's X- X, this being the axis of

PEEAENEN DEHERE 1ot al BbILOCESER! iy 20 TRETEEAr iFRprture 48a

aerangamenh 4hel $erkaclagasi i r sbarsegonde@bdrt hig dand the
annul ar bear.i n elenEnts ach in.the

6, 58, .60, or
SR A0 e TR 2 ShHor 81 RSBt ppaneter is
Wbls@h s rtgedbyltairt adhettlea tdfe sheoﬂfdrgas anransferbearing
ate 44 |t vets r [
GPUEAS B S LB VLo ML A oRpaRasaN S, | Butineo
spac@heel swernds2 aandlake §@ééﬁﬁgga§‘el“?§ﬁsf53 pl Bhe ggentral

thited eaidy, i | bpatratd i neEéQntﬂallﬂrhe gridsilde bearing
nular bearlngﬁeleg%lt 56 is |ocat centra

é’ﬁé’istllﬁlig@ 4gn WBEFhedten ¥R a hﬁ?gr b o] ar%‘ch @ annular
pREREhot %1&ﬁ@nkme5$ecamdaaenubaatbbaE|ng el enent 58,

whose _out er_.di ter i-S di amet er

of thd A <L bR | ng iy PR, (o8 Tree  pocated

bﬁgamymﬂ%ﬂoznnﬂtlneabﬁkmﬁnﬁ|Wmnh|¢h¢h%e@©@@n§nahh@¥abearln9
aerrr{erllgz Iﬂgafarrb‘%‘:[nc?zhas Tg}? SEUL S 3iameter which is greater than

the outer diameter of the second bearing element 58.
Finally, the spacer element 62 is interposed between the
third bearing element 62 and the second gas transfer plate
44 to ensure that there is sufficient clearance between the
rivets 55 and the second gas transfer plate 44.

Each 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
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 ih the first and second

annular bearing members 48, 52, and the apertures 56a, 58a,
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apertures 48a, 52a thus essentially provide bearing
housi ngs in which the respective first and second

wa@evaleis4beari ng el enents 56, 58 are rotat abl ePCIGE82008/003641

third annul ar bearing el ement 60 is |ocated adjacent
to and in abutment with the sécond annul ar beari ng

BhEn 78 oiPorhe arieBr - orsqaid oty thu nateflbfenbearing

&Beménhnal 156, t B8 ,spéterarel erbat Hlader | natlenpmedsz together

88]5 &Nt ? Ig”% Q%?érngpﬂﬁn?ft Hﬁ%aﬁ”gewﬁtée%%d transfer

gas rans to ensure t re 1 s
etif Hiasi dfore| ébeaﬁ@érr@@@rwe?@r] ehethpvdanerss garl sheeld 16 to

gggggga\gﬁgrt E@n%EeEhQ ﬁbﬁgéﬂng EﬁéQ?Oht he first,
hird annul ar bearing elenents 56, 58 60
and t k@ spPiE8r efemefflest coﬁ'ﬁte?sé"lglrdesﬁé? icpgent — of  the

ﬁt@tﬁgéﬁtéaaeb::ﬁipenéﬁasdiﬁa tlfé)abefﬁﬁng aadrangemégt dbg to the
e o] e_secon as trans te 44 ch t . :
?ﬁ’éf’ rEs ecgtlvél%ce%?ra%raaﬁlesr uregﬁggag 504 %a, égg first
aneulmunted rdbingutmethizeaxt§ dfs rof tereoh MpXtef the first gas
g?gﬁggeke j[%l&a'a'&g 3Ghe Tflyfstlgnmérbsesk@ﬁgl EIS6RAE 56 is

t'he apertures 4 da in t first
éﬂ@a‘s@@oﬁ@ gBBet pRestarep Hesdefhbedpant P fdastsapnular

b@akﬁﬁgfh@ﬂbé¥“h§ecﬁﬁa &Hﬂ@h@&I%ﬁﬁlﬁgcﬁﬁﬂb%h&ui&r bearing

t he apertures 56a, 62 th t
gerbRy éﬁdlfsholféeé"ﬁﬁulué’r tb’eé&\% 15 &r&%ﬁé‘ ehfsal it member
an( e spaatdie ertvens 63 m@etmawumrmmhgahe holes in

fer path 21 i-ch ) t Iy

EEnELReERkh, L) BD 8.1 e ASIE, el Sa second
ahanﬂ)elr Beawfi nghaembersi 1§, hé@d t12. eﬁfrﬁ?(?c*}rcfé?e tltﬁcﬁ#lfreﬁfi rigid
EE%aEh&bﬂtat tRAGHRMYL of he he shespesidwens 0H@99§ﬁ§3 Qlement 56
the bearing arrangenent 46 to the first and sec

ipansfer igialys arzached (e ¥ st Hindss Wt f(r)F‘gt plate 42,

HFgFﬁi ﬂgl?ﬁJﬁifﬁéfﬂtﬂ@ntﬂjﬂfﬁhéiéﬁérgﬁSetﬂﬁnsfef the first

e first ann ri el t..54 i .

IaBE‘ a4 Pﬁaffﬁélgaagnlbﬁr %1?851 ?(:Ineq:cali ?atnqﬁzg 1'T1'I1aﬁzslttche adjacent
apeuicarebed ngf neivbesed8ndaaunfil aal byarhsgsgeower 52 is of

annul ar, bear er S upet e «f t
gnn%rp%‘h gafd' %em?% A%éai n?{)re t he ?FvgctkgSéflgsg annular
beeatiog teranayit t he A6l édivish RYRVeIted @8s ifr dsfeffectively

RLAG 14280l tRe Bdtwde@NEhseEOREt gas transfer plate 42
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 1is completed by locating the rivets 64
through the holes in the second gas transfer plate 44, in
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
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 shield 16 and the mounting head 12. In some
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annul ar bearing nenbers 48, 52 to effect the required
rigid attachnent. Although the first annul ar bearing

we@b®omess4b6 is not rigidly attached to the firBeT/gB2008/003641

transfer plate 42, it is held %n position in the
aperture 48a of the first annt? ar bearing menber 48

due to the fa t hat the .adj ace erture 523 of the ,
EEEBAATSRAGH af TedrTia TRAT G otbaidrirfes = Totation
ﬂihmﬁreher 66Axtal mmmnheofammmﬁl bﬁt wained jare beatafgon and
s_t vented. as it IS f
chEQAQX|aB#§(§&$W§£h q%engpgk é%i %rans?l\’}é rotation.
EVHE@alQYandthﬁeigébﬂﬁdﬂanddmﬁ¢€HEaﬁﬁngeH§ﬁbés Soetween the

B&Q'sg alffchoeshgoigdde: Fespect | quaggtgpog@nt@pf ah?t? in the
bearing arrang enent 46 to the first and second

iLaHstErtplat %fgbq@lmmtu Fhonprered byt oE%FFh‘@t?qlne relative
rbY8tsoh4 ikheughdimedhdeschd 1aegsiecendagas otr &vsf@fovided

| ate 44 he spacer_el he i.hird and
Egcoﬁaeanﬁbrﬁ be3 |n§r%?% ﬁtspgﬁtGSS 5an a3y irearly
fiheubtratednnith arFigeari B ehénehit W6 dto shewebyhér irmgratable

Egﬁg§9h§t§BmEtC%B§rs@%ez%xk%%§kge of Eﬂﬁ?g% rnfggéd amount of

e accessiblethr e cent
apéetive 4Zotiagicme filmst metrambpéﬁmsn‘aﬁe 421hear gotation

fefior bBd 6le0 CONPheteriberassibire chhe Peast ngng second gas
arrangenent 46 descri bed above permts rotation_ up

SE0nBeERogH 2HRS { st §ds 1T aRSROr oSl afBLABIGRAL L ROS tions,
saeerflegaatkr alsd eexplrane 4dtanibrienceobetiens tildustrated
I ne as _shi t he nnunt ea d 12 . In
n%éﬁ%od?n%ﬂ?sg’tﬁg ?g%a?aﬁ?eeggup |Eg 20 includes a
rotatﬂnnlqn@anﬂ 86 toffeqtit ahtaahwent offreltdtg verotatable

ng‘lg?!lﬁé apd pey M o%cyuﬁ?ﬂﬁfd%te%rdn ned QPURLOTf jnert gas
re ive rotation. I ca the rotation limter 66
shi edds 1Bettwe&@tefkabilyy §10u§¥1@ $deIhd et dtey, first and

@E@bﬁta A?c%nrfébtlt%{gjdﬁlénlfaétﬁsi |68U5t176\t %(i*eenf@!é&lri’@éﬂ thhtee first -
amount of per ed relative r i s determn

FREVPERINA BEMReL| 68 &7 FEGH G %d % e BT elatey 38 of
thénahé&tpb@bes%aeIHﬂrs|andﬂuﬁuﬂhe|ﬁinﬁnrgﬂ$xtransfer plate

gs. . 5.and 6 h th e coupl i :

35p03|FéngxtrEW%ggoﬁgpgml e?ﬁ#g%ggggﬁnun?yof ?g?£§|€%1e o
Bppabtpaiaten Sows e'&’mddlrwdﬁsd inethet HOLGE iNEnilates3 8 and
L $e0PEEABL e 40 Sequerhe bihet apsl sesend8as,, the second

conﬁecting member 70 is secured to the mounting plate 40 of
the mounting head 12 and to the second gas transfer plate
44 using twist-dowel - connectors 72 engageable in
appropriate slots 74 provided in the mounting plate 40 and
the second gas transfer plate 44.

In the illustrated embodiment, the rotatable coupling
20 further includes lateral reinforcement members 76a, 76D,
78a, 78b associated respectively with each of the first and
second connecting mémbers 68, 70. The lateral reinforcement
members 76a, 76Db, 78a, 78b each include twist-dowel
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
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positions, internediate the extrene rotational

w@ompnessws il lustrated in Figs. 5 and 6 , rel abdwWeB@S/003641

each other. In order to effect_  attachnent of the

rot at abl e coupl ing 20 to the unting head 12 and the

i pert iLeld 16 taq rotatabl le themto eac

BQF}Er 91;3 1¥nd © %‘@céﬁd?s&:oﬁﬁgct%/ q‘?ﬁr?&é’r%e%t@n‘—:’?d“ rs 68,
pDO‘ahdedheTflatfdrraSt naimfmtclen@miemtbe&& imasecsted 18, 78b
t he 38 _of the |n as, shleld 6_an

6%t %g%falcr sg gas tt%reaﬁefsé’ecﬁl at e%rifS%y ng Wi st dl dtfranSfer
pbanectd@,s 42 pryaygedbl exssendpyr opfi ahe éﬁle@trgnm arrangement
&Oﬁbg%@e&]}n chie SRR @e%%é%a@ﬂcwan%ﬁéf 1A% 42, 44,

frans arly, the second connecti ng
enbBe menpgrsééap§ab?é ghevVeounting plate 40 of the

mount fAg sberd ekdcanthehn® st he heedand tgasid rdel lat®ransfer
44 using tw st -dqwel Jgl#ectors 72 _.engageabl e in . e
BhBFGRr fare & ARC 41?)‘? Yed FRYt RE nt g it e gy ports
ang tglze wecdnddfiasct r angfrepopitdion 44 . the tthert gas passing
illustrated e t, t atya C i :
%bﬁ’ﬁgh tt‘rﬁlcl ugp’%%lag?%r Otug(il ortge?er%tm b= elrr}ga%ag,as shield
T6b, t?8a,tHE8b mmuddingt edrasgs pdet i \ﬁeivgam& h deresdied heshaped

ﬁéEéEl Rd sgcond Qﬂ&&?cgé%%rgqggerﬁnégrl OngTh€he rotatable

at era rel nforcenent nenbers 78b_each
FREPLdBSt v Ot - @BneRddEAREEL &S @fzeeﬁaéawﬁbﬁe jm Fig. 4. The

@@9%Qpﬁﬂ§f%§&@$§ Eénﬁégthﬂgdmbmbbh% ragint 7o gapkat eésiclude a
38, and the fifrst and,seco astranfer | at es

Eg}lrﬂgltfyp‘?%aﬂlﬁ‘ e I%&setr]é Lgll%rf oPcerrenth!Pﬁsrr%8 aleng a
I6aermolt #Bige 78heneef sewhiel tegailte akkpecei \Eé—”oportlon of

sgnn 9{5ﬂ95¥%§bfio@§m 79hr$&%ﬁStH@rEBtQ9%bﬁ%t@@ﬁplln 20 to

ypi ca Pt and sec connecti ng nbers 68,
f@omdqmd%mpmsnt@i%f@%%ﬁta% swen Fepe generally

Z%@eri§Qﬂ@%%EHt@SB&QaEPetE@ub@&ﬁ@ctﬂye £$r3thbated by the
second gasS transfer plate 42, 44 prior_to gta%enbl /O
BEEOWEar n’gnaFFQngérreﬁtn AFBH WeRnCERBIF F gas

$Q%Qﬂ@c@@32dsfaﬂ&fej’asplcﬂlsﬁ&14ﬁtl4ﬂl pdrtishEBOTHrmEr 84, 86, the
escri ed aboy, fir and
o110} gasret eef“ at ey "g]%% Hlod %a’r 78b  are

44 ‘each |nc ‘ude
@ferg‘a:&antlesi rtich yeirom tpduhtes p8@s2a82 Wi dheditr e éherethrough

propon éﬂ%dﬁhtfghbé&¥ﬁe£@§ PGeSi Be invention have been

described in the precéding paragraphs with reference to

can

various examples, it should be appreciated that wvarious
modifications to the examples given may be made without
departing from the scope of the present invention, as
claimed. For example, the bearing arrangement 46 may be of
an alternative 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.
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rot at abl e coupling 20, as indigated by the arrows A in
Fig. 4 . The first and second CTonnecti ng nenbers 68,
70 also include a plurality of such gas distribution

584, 86, along a | owernost edge thereof, which
again allow a proportion of the inert gas flow ng
t hrough the rotatable coupling 20 to flow towards o
deposPharedhdprier hradspeal tiipnanr Bt gener@d)y comprising a
MBdﬁELMgn%etaJ&B rm At @abke n@wmllnrgg £Osh§§eﬁndie¢:&ﬂecﬁéb’081tlon
t.he arrors In or% t.0 ff ure that neat
GET185n 11l ¢ Glar d<Fhe ElfbulToh 6% SPBEVIdIng an
8aer84at865ghmrdzﬁnnuﬁdrshaﬂeﬂcmeﬁml Nﬁﬁbedspﬁéated in use
76Db, 78a rf tqQp t as
A N e
nnvelhatonthav@m@é?ﬁtd@sclngb@d¢ﬁ therpralerllieigcoupling  (20)

BéE@;Qéﬁpf}ﬁqéN' hBuhefi® queeaao (Yahi ol exaBpl 8ferd t gas shield
preci ated that various nndlflcatlons 0

ﬁé e?@nﬁ?§§1§|W@%aﬁéyebéoﬁﬁaéoﬁnFﬁﬁﬁ? 8EPEFEr ng from
Qhe Sﬁgparaﬁubh%dadﬁamﬂglﬂbﬂﬁﬂaim 1aswhkaelied theOrinert gas

LB a2 b 8 PP Ea At L kA 2R EBPRER  ve. meane to the
Bi.r st Appdraeasndccomdidayi ng wdrber & 68, cA@impy2 bewherein the
?‘ﬁggﬁlgggef OEO%%§ﬁ$hng%6gﬁ£%l@§ %OUEI_'L!EQQ 2 aéo transfer

nert gas nount i ng head
pChaeng42). comaesd edettal QQﬂukﬂQﬁQng%ﬂnéh%ﬂ%% (4%), a second
Qgprt§éﬂgférHQEﬂhkﬁg(Q@Qd ééﬁﬁe&@édnnﬂﬂtt%@ améhﬁ@@ﬁg head
taI deposi tion device %14% an g %%s Shl éﬁg c a
(3R ) pr GAddicn PEAT +7dr BTAERD Eﬁ%?e 3? YREP e st an
@é&bnﬂep0§aéedUﬂhnEﬁeby bhatsbaped4mEtaM4depostheon bearing
devi ce aracterised i t
ALERLGE eg réﬁ% ﬁelqgnﬁﬁerag%ag%DB&¥§%enﬁﬁ¥gﬁ§5e rotation
euweieng theadt (1) and sheonﬁegaSgézga@ﬁuf@Frd oleges ol42, 44),
ReGM dééfgéV f@iéEi@@ thenehbshWeeRwedn tARPAHAIMSing head

accor di ing to clal , Wherein the inert gas shield
(1e) ﬁ@dgéﬁ@r&PﬁFtaﬂéﬁsWQﬂ@éd 316) Appar at us accor di ng

t4:0. cl %'p@alra(ﬁﬁlsdatﬂbgdln@\h@oelﬁl&m 3, wherein the bearing
arrangement (46) includes first and second annular bearing
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
second annular bearing member (52) is in abutment with the
first annular bearing member (48), the first and second
annular bearing members (48, 52) Dbeing rigidly secured to
said one of the first and second gas transfer plates (42,
44) such that central apertures (48a, 52a) defined in the
first and second annular bearing wmembers (48, 52) are
arranged about a common axis.

6. Apparatus according to claim 5, wherein the central

aperture (48a) defined in the first annular bearing member
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Pl-at eSPPAZ2TEE) AP

nmounti ng head (12), and a bearing arrangenent (46)
betvveen the first and second éas transfer plates (42,

the bearin arrange 46) i ng, operable to
p(érBr)n t 17 elPdt | ¥ e FEERES oN ‘b%‘flwge ttE’@nfl‘f]% S5dteedongperture

gaat)r desfieedpliat ehe( 42cohd) anmdaheb@arsagdméabaﬁcl \82) .

rotati untin head (12 and h rt .

das Sﬁ%&a%%ﬁ:"% aécéf%%ar atgus accffalr(ll:2 31 % %6’3 wherein
wher eibreatrhiaigh e arinagrommearig e nglit) (%)Cludﬂsjde?s fphs:tality of
a%ua%gonge@m@ a[al@{%@h'tgg (g4bess (4580 52) iaggd@écured to

secured to one of the first and second gas tran
phet e@char oagyhe Sirspppafapesoadc &0 g s iqrairtares (42,
wherein the first annular bearing nmenber (48) is in

abut nent wi th one of first.and econd as transf
i oL el e haaiin T safiraliy
bEZ)arirm]jarr dmemieny eddthenthe {56st sannwloar doearvigges a first

i u‘irar( 4% rg%{bebféférﬁeé@d ?%8@”%%%5%@ earing  central

eing rigidl to said one of
1am>erft|urr@t e )s ednichehsinr ahgf dringitateemnyl4r; pprisg hmember

gt secondéi an%%[eﬁ(g Ubfifiu{ 48apeazdhgd %fl'eﬂ\%glt' n( 5t8|79 fA r$butment

beari ng nmenber§ (48, 5@)
afrlrtélngre‘tﬁ ARt A RRhRh 9?%”18 elgpsarat(3s) a@asir dfpted in

theCl BéMt Pal WhekeuRet hesxpNt BalFiapar tiff ethd8a)cond annular
g)efi ned in the fi rat annul ar bearing nenber(48) is of

SGréRfemegPstet'@f than the central aperture (52a)
def i neghparathe secondiamutar cheami 8y mwhedin 52)e . pyurality

Wherel ﬁ“ﬁlehe tgééarl "GLefeAty %6? glgrrs 3y t%&nprlses a third

arr angenent cludes
pilnm‘UéJalrt ybeAr Empgule emr@@aru P el éﬁerﬁ@t(r%lt 581tt30)the second

'dﬁdﬂ&k5%%%¥fﬁbt@léﬁ8n@th@@(ﬁaﬂ@ehQVEﬁé and s8coNddiameter
gas transfer plates (42, 4%& ﬁﬁus accor mgnnular
G eatatm Fhannhbhei owher pl Grarsts” of‘P Far SEERFFn
Qie%!mﬂigs e{l%@\en'iS 5@0) conprises a first annul ar
b5 LT (G APB R By, S LB P bearin
arrangement (46) includes an annular spacer element (62) in
abutment with the third annular bearing element (60) and
said other of the first and second gas transfer plates (42,
44), the spacer element (62) also being rigidly secured to
said other of the first and second gas transfer plates (42,
44) .

11. Apparatus according to claim 10, wherein the plurality
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
annular spacer element (62) are arranged about a common
axis.

12. Apparatus according to any of the preceding claims,

wherein the rotatable coupling (20) defines a gas transfer
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(48) and a second annul ar bearing el ement (58) in
abutnment with the first annul ar bearing el enent (56)

wa@nahologssat ed in the central aperture (52a) defP@EdBR0VS/003641

the second annul ar bearing nmepper (52) . 9 . Apparatus
accordlng to claim8 , wherein“the plurality of

ann r I t 56, .58, 60

ot PR GST T SRR 08T (YR SoAEREn i ¢ fnert gas
ehéeédcdnd)amoutae beanthggehead@n(1£5%8) and havi ng an
eat.erégga@gw A R 1 hac% tz{]%( 5$8J§e£1%ﬂgeﬁer Pf 4 P& nerein

secon nnul ar bearlng Apparatus
aBeoreli ngotd «fai e fJWh?étr eapdt Isedosal | B atrangéeantplates

((45) i 5] U%%lme%nnyl 1.5RAGe: ebe (
buf ment. with the th e a?/ &éam‘ﬁr}gs elgg%}tég?bUtlon ports

TR0 CBP0 StonaH TRt HBem St P Saih (FRRRS 154t f1pABed metal
phates {4a ddderlyheg spReéeroehenBNt (BAplanso (¥)Ng between

k¥ kel grenrae8l8(4is gm0 Bhe' MRpke 8o, 850C FA NG
fle. cIApparatuwh@m@qmduhg MQﬂanytgfotlammalartbeaﬁﬁuyherein

Fgg;‘%g)&%ﬂa%%s 5ﬁﬂcﬁ§aesan§1{-§]@ anms@ @a(}ﬁt{le i ' members

rigidly secured to said other
a8 selondfgasconaast eRIpltiees iy amaq §@€ﬁnfihaas transfer

ﬁ?ﬁ%@' Q@Qrtu&@ﬁ (tePacrnheBainéPa, HZa) Aafdired (1B)thgnd the
piurality. of gnular bearing el enents (56, 58, 60) and

Pﬁénéﬁﬁﬁlgﬁaép dér -el ement (62) are arranged about a
QQUWDAp@&E&tuEZaaNHﬁ&ﬁ&pSUﬁCcmEdmngﬂ()Whaméﬁntbae or both

| | e
ot R85 3 (022 T AT orpaeid 2 B st | (B, 7o)
gaslidem t e plneraligas ehi edab ( t&pnsderhepavust i (i, 86) to
g§§%§(:1\2&|h ertl Had PPN A4S @&?8&9&@@ LRapaY% Qlfetcélla'lr}ﬁ a?h area

erelm one or both first and second
pndesfiaring aus eBobonh) afndhpiesinshl ardl iS§FBR g%%nnectlng
thesideautie@n pont.s (80 82) to direct inert gas

tomards de osited s ed netal in an area un derll
the r GPREIFITES: ’??g”{gzo c%@theghz the | y13ng wherein

Iﬁﬂeelod:_ Cih ad tﬂhee ot Ia‘rgi fmbr(dzqonnd_dtllmwm%&? (68,
a/%‘ior qlnrgzgu‘éigsangt Oflgééf’ﬂ m%ri?é t (ia:!:%’ra%egrgkﬂforcement member
(76a, 76b, 78a, 178b), the or each lateral reinforcement
member being perforated to permit the passage of inert gas
therethrough.

17. Apparatus according to any of the preceding claims,
wherein the rotatable coupling (20) is arranged to permit
relative rotation between the mounting head (12) and the
inert gas shield (16) by an amount up to 360°.

18. Apparatus according to any of the preceding claims,
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).

19. Apparatus according to claim 18 when dependent or
ultimately dependent on claim 3, wherein the rotation
limiter (66) extends between the first and second gas
transfer plates (42, 44) to limit the relative rotation

between the plates (42, 44).



t he apparatus includes first and second connecti ng
menbers (68, 70) for connecting the first and second
w@awoesswsf er plates (42, 44) to the inert gasPGRGBR@WS/003641

(16) and the nmounting head (1 % . 15. Apparat us
according to claim14, wherein one or both of the

rst econ on ectin nenber s 8, 70) . ncludes
5ot uPRRPEd oPehal T ReRerLrifB et es) T PREEALLy as
heeeungaﬁorew@akcnxhadyanﬂYQmaﬁedshQWal1nnchezﬂmnpmpany1ng
Hgggah¥gng one or both of the first and second
‘connectrng nenbers (68, 70) . 16. Apparatus according
to claim12 or claim13, wherein one or both of the
first and second connecting nenbers (68, 70) includes
at | east one lateral reinforcenment nenber (76a, 76D,
78a, 78b) , the or each lateral reinforcenent nenber
being perforated to permt the passage of inert gas
t heret hrough. 17. Apparatus according to any of the
precedi ng clains, wherein the rotatable coupling (20)
is arranged to permt relative rotation between the
nounting head (12) and the inert gas shield (16) by an
anount up to 360. 18. Apparatus according to any of
t he preceding clains, wherein the rotatable coupling
(20) includes a rotation limter (66) to permt upto
a predeterm ned anmount of relative rotation between
t he mounting head (12) and the inert gas shield (16)
19. Apparatus according to claim18 when dependent or
ultimately dependent on claim3 , wherein the rotation
limter (66) extends between the first and second gas
transfer plates (42, 44) tolimt the relative
rotation between the plates (42, 44).20. Shaped netal
deposition apparatus substantially as herei nbefore
descri bed and/ or as shown in the acconpanyi ng draw ngs



