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of shaped netal deposition (SND) apparatus for
repairing conponents is known. For exanpl e, where the
metal material_of a co onent has deraded over tinme,

for exanpl e dudEairR ot i

ge renoved, such as by nachrnrng, and replaced usi ng

MD 1 ra order reve oxi_dati aon

of sh%ped ‘ggéldepos|I%Ve<f1 ulsolnng F/ggp%ara us, ?‘[ e% metal
]Itlelttaqm @pggga&ma .nert atnosphere in the form of a

og orel qud ahouty thes denosi ted,shapssh

Typi calhl y, an Inert ﬁb‘“d such cg(gplS Argogpél\?g) %pparatus for
FePRiigdag nC@F‘E@PePBScrb‘at &N accepf @bl € @MRISpheigere the

aleull therLeposi bed ashapgbr®ital had t dugthdbe over time, for
unders_Lt ood. that the inert, atnopsphere.is (ﬁ?cgssar

L6k AHS orF AbRRF PRI bul arS er&)ee?]aat s To ai hecan be
ﬂ@lfrtdv@lrﬂ ar smehal asr ly| oyadiiatinmps keeh depdsiceed. ubing SMD
%ucgrzd % rcunstances, in addition to the particul ar

glp oF Wien the weld is created, it is also typi cal |
neces§ary oxdemi ntai n rEviaTdr t %h@%@me @At | ISktarReg metal

\@ﬁl JTRILS | G 1.h@s S@I@Ola?p%aﬁ_eel% a partiscub@wn to prov1de an
erature. For exanple, in the case of tita a
i %Lout the

tlrrleafr’ﬂ U BPFRBRY S t APs ttl'@rrp%?rd‘l‘ uPE Ps 9 gjhefari

1d@§d§ﬂﬂfﬂlgﬁaﬁ@ﬂcmetal Tﬁ@déﬁﬂ%ﬁblaﬁtﬁjhame gas, such as

previ ous en u L Se th

@Fr%’é’phe?%? ﬁéiésﬁ ve pfé(r) :cgltopf%%‘?g{é an acceptable

paa:l'ntdsp]ﬂea:l’el yabnutastema wdepesiepdi rshamsdl tetbd -mable twill be

| 3148 qgﬂRf QQCQn@§tg%§mb%FRbQ% i e s M 88 avoid
1y, 1 oca | 6

recen inert gas sh ds have generally
redinladrisiroy@O D BAEL EUARF oS RIPSEa LIRER fatolspheparticular

aRauh thgrdeposided shaped nBs al pehecord@épdsi©eq@ne In  such

aspect of the present_ jnvention,
circumstances, 1in addition to’ the particular period when

the weld is created, it 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
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there is provided shaped nmetal deposition apparatus 35
conprising a nounting head for nounting a shaped netal

waeleposéssion device, an inert gas shield for preul/GBags/003641

an inert atnosphere around shaped netal deposited in
use by the shaped netal deposi‘tion device,

&%ﬁé@g%g;u%%%%:g% hg%?the %¥p2£g%€$ igféu gsﬁ%rmit relative
2008+068842PCELEBRGE8/.003641 2 nounting head and the
'”ertTﬂéslﬁQkE'ﬁakosﬂﬁéﬂhtmgg'BE'%@néQS%&&OQrc s

t her ebet ween e _inert gas e’ gehera ;?
ar c- sﬁhﬁedrotﬁéabé?at§@N@1é@9pl“ﬁg’nﬁymﬁﬁﬁﬁﬁas@-a rst gas

Ek&ﬁtsfg%s élai@nsfhelrcrpl Ah§ W chommycheqcopnectiRd thert gas
the inert gas shield, The rqt.atabl e coupling ma
E8AFFse %%eEBEBt@%e %éngpl‘ﬁ?fé WP 178y PesSecond gas

ceanected ptlattehgzmmumhia@g e abnnEw gddttat adee mxrpiaiﬂgg head.
a bearjing arran enent betme t he

T BTG Crant s "kl S L Bobalel jfangement

betaagemmherﬁ@m$m apér&bh@ndogﬁﬁrﬁram@f@1|péates, and the

gg%hgn Q?Lﬁﬁﬁ@méﬁ@ d;hé‘q?t hd 3ecand 928 ot r 8sHeE  relative

ates; and ce said relative rotation between t
ﬁ@@ﬁF#ﬁQ texdesid thee Fhest @%@ sgrepd. gas transﬁﬁ? plates,

bear iHeG Rl raNgeeat atdye | At ddeohi bstwabd seeombutfring head
ulgr bearlng me erzdmhlch may be rigidly secured
hECoft PERE PRPsERaRd%second gas transfer plates.

The rﬁmm:bﬂuang beaahggmanﬁbmawm@mqiuﬁﬁiﬁératfkmmi second
annu ar. di u t,. W
PRSEeE angegééo gas tran er E+%?]be Eé?fﬁl cg%dgrgéd to one

@ﬁnuh&rfbgatlngdzeeﬁgnﬁegaﬁayréﬁﬁéﬁrsélatgécond
annU'%hemfy%gngﬂHHQQ@ b@a?@%ﬁnﬁghbéktﬂa&h%dﬂﬁﬁ¥5e a first

annul ar bearing e The fiTst and second ann
Baarlag r?é@@er%n%svabebﬁ gmm%}oléféﬁﬂ%dwwhoﬁeeo %u&he first

fahEiStsea:'%ﬂidSQ%ﬂﬂdtﬁﬁﬁsféﬁnpﬁate@ atI‘h& &‘sﬂﬁﬁ)dd‘lainrﬁ,elrﬁrr dbearing
n

In&)tures d ed.in the flrsa and
exr may comprlse secon

hat nngC 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
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.
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25 annul ar bearing menbers are arranged about a conmmon
axi s. The central aperture defined in the first

wa@pwobeis4beari ng menber nmay be of a greater di BEEGBR008/003641

than the central aperture defi,ned in the second
annul ar bearing nenber. 30The first and second annul ar

b .
gae  PARSPAPIRALY Gt BRI LSRG LD S1GRE L] ey comprise
pl ﬁU.EStThelnﬁllllaS't beamihgr efeaenng wingrhe mayayet Ngedieed nin the
?QHE Egthgg f&é Eng S Iﬁanéﬁgr f&fﬁ@ éﬂﬁh{é?e bearing

I rs and econ annu earl ng nmbers may
neghery aetumey tQ?"tPIi—’eleel rat sgesmtir asterap| kearing element

dhecheard popar rﬂngegeetneﬁey wlrtq{ udgea Mgl bhywudhr bearing
annul ar bearing, el errent::h he rigidly SEClir

ebepPRBL oAt BRiERe MRY; a:]18¢§'é‘8§ndmga%ﬁ?r§ﬁ§ll’:§ra aperture
aiaﬂ&ﬁed 1%3@0%66884385{[1@3266&Dﬂ@GﬂémBer The

pl ura Iar b arin

first gﬁnﬁl éil?fagé i Rg Sreréne \ﬁewin?r% é’cl océ%rslg;e g third
ahautemnt Malapgte&@@eflwedclnnmﬁekfa rlslll ahutmgnt Wlth the
g86hAY 4 dﬁ?%%QﬁmmHﬁ%Eéhéeﬁﬁﬂéhaﬁay|%bﬂ$ an outer

earing e be in abutnment with
ﬁnﬁ@?tﬁﬁnugé?ab%?ér i tprel éﬁéntoﬁﬁﬁrmlﬁﬁ“‘?ﬁﬂf b&1l oEBeesecond
laﬁnhlﬂsrc%@b&ahgaeeefn@hehdefI ned in the second annul ar
bearin The pluralit
el enef g%%rq@@%\ge{ﬁ o r&?’%uﬁ?%@%r Fﬁg%erfnur%earﬁ spacer
thembnﬁaywlbiacm Nmalyutisentinwi atHsuttmthOwsehondl@nm@Ilmd annular
earl; n £ @ q}d/\’h ECHHXH ey QUL utgﬁeq{Eet Gith said
reate € outer |arreter o the second annul ar
beaﬁﬂfngoél éﬁ@nt first amhe spegridngda®r &igefdmr nRyates. The

5 alyde %kéyayﬂéﬁeﬁgﬁgmﬁaﬁl§ﬂ§8tbéhk§@1ﬂﬁy Redutred to said
ut nent th the third annul.ar 15 beari ng ptLement and
f

Wﬁlh@ﬁ edy the TAratutRencerPPA 9afdtoRRare RESFir st
and S%@ﬂdpqaeauﬁaysfef paiesar Theaanng aelspeaes and the

eIe al so _be rigidl secured to 0

T’ﬁlairstsl%’ﬁf aé“at)y s e lpqlz}’ egeaé‘%] 4Nes Qia otner
blfur ahet yf bfsanmndar sleeandnggeber@ﬁrssf&nd ttHatzp such that
ann lar sgﬁ%grueg%we %fqﬂﬁdbelﬁ'gtﬁey ﬁfﬁﬂé?§t 0 §@i dannular
Steﬁler of the

st and second gas transfer plates. such
fleatr icent red eregretrs ur @8d defPRed ARWLRE plShedSY y fement  are

l_%r el £l eeidrs 23& .t he annul ar spacer
t are arranged about a conmon axi s .

he bearing elements may comprlse 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.



25The bearing el ements may conprise annul ar discs
defining apertures therein. The plurality of
warmgleis4beari ng el enents and the spacer el enePCT/GBIO0BO03641
rigidly secured to the second gas transfer plate which
may conprise a gas outlet pl at'e. The 30 spacer el enent

rmythus be i n abut wi.th th

o1t ¢ T8 BoenE AR BROH Thrar SEBPEgabl dfefts in part
tapdtﬁiee ]a@anniﬁg amageaiem:entThmygbe njrgairnﬂfysrsqcanﬂedmay be
borhAgaTRy, SduRlaten 108 MUl N degd BRY LI Wlins e

[ ner ' The Tota I e coupl | ng
dééfae angasnay apsf éefpaﬁﬁ foor tth%n@tﬁ@?ﬁlhgapﬁéttlrgas in the

%iegbghe¥'89r5e9§§n§hé§gﬁehestQﬁdnyﬂgtgﬁgcgﬁaéleﬁgﬁt

xanmpl e fromthe chanber of the inert gas shield to
“the cRBRLEPT ofPde ®dunthpg ket ang J3econd gas transfer

g@?géﬁg&%Pﬁﬁﬁﬁggo%{ BEAd1 fey oft %&@t %@%g&ﬁﬁn&ﬁ.ah ports
in par

gg}ghg ¥ﬂ¥ g ‘ﬂ’féaélg?%t Fé’n@g Cﬁa?ﬁ?%%’tﬁa‘@ ecf"fea}afedcf q%FPOSIted

aheptdr eetiad tihe dnrsteandndecdmingasher angfagraljleatasupling,

Qw ¥ Pﬁed§gg9€dﬁ9x %H?eiﬁngﬁéltﬂgeﬁEHﬁ§§n§n Lhe 5

ura SRt s Al PR S pacer el Shent
One oifhbota@p@fratth@ fm%}Stl%%hU@%céhHSEaémtirW}d cornecting

REAbessMayhid! WS apBl Watddgedf teascemsddt butHeOnNfirst and
ports which may bé arranged to iSI]F]rec;t i nert

ﬁéﬁﬁpésgeépc%f%%cf% Rt ot ? hn%FEagaﬁdé“?ﬂlﬁlﬁig and the
WBentohat abha.coupling, 10 betvveen the I nert gas

shi el and t
i ncl u§8 ?305210 ge consntec I|1dngsen(r:eo (gfcgoaﬁv{gé &?1 ﬁymembers
blayanm:rlgudxé ta0 mbmmabity hef f gast taadsfectondras Wthh may be

taﬁc?ﬁfﬁ%ga Rl agﬁ%fﬁg%qtﬂ}%ft“ ds Bswati Ll b dhe shaped metal

nroun h of the first and second
G@nmtalfﬁéﬁ nenderiyiBy PrEl ®Fe RO whi Fhy bf rghs and second

Bﬁﬁgfcg&n%o%ﬁlbmlsch may be arranged to direct inert
gas towar '

ol el ds Sopgsl o0 shaved moial boglhRledpe or boun o
¢oRnNeciisy nerbesscoR@Theonratialy emenbpksng, mand include at
& %%EbB%eoQ%€£}§¥nrefgforcement member. The 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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the first and second connecting nmenbers, may include
at | east one |ateral reinforcenent nenber. The or each

WO 2000068842 ei nf or cement nenber may be perf or at eBICT/GB2008/003641

permt the passage of inert g t her et hrough. 25The
rotatable coupling may be arrdanged to pernmit relative

rotation be ween the nmounti ead dt
shi el g arrdunt®up etr}r)iaﬂ?%d] ndafl]'heexﬁzhlg?%‘atncg %9agrammatlc

peurﬂlplerrgmay\nmwl odethaer apparanubl it 8igtolpermt up

to a predeteny ned 4 %@? %L fénéﬁ' %%Paratus of

bet ween the nmount i ng t gas s e
TResroflagén 2ii m ter nmay extend betvveen the first and

secongigas 4 ranst egi Rhab@sat Oc! bbb st Beckebakilv
rotati é%abetween the éI at eg gnd heﬁ e |CI mtb{lhgflew of part

giotiRe GPPPER&VSveLr Et‘tgﬁ oh bt wéeAthe mounting head
and thpegsners gad sehlekd i gianetiadi np@fspécthee views of

esent _Lnv nt| on. W now be descri.bed b
g?gn-p?B 3ﬁf"§, e wi tlﬁ] ref érefide to The a\’éc\g@n%ggy hgrational

goaWtigss .i n V\hlch- Fig. 1is a diagrammtic

persp ve VI ?@@% al,,de i td
3qﬁlg |nv ntion; ﬂ%’t BRg! LV O ARAT BRYR  of a

accor tO t

zeeg/r@égmzmwwewém @mponentm g7 2 weigh may for

enbapded gd e OmlqigangI Cgan@r St:mﬂcsirv@ Ve . The
t he appar at us of

[ xpl oded
FPERCEE Yar t” ofl’i“FJe"g%ep?)ar%‘PusanmgFﬁs C?f‘ el P & grtending
éllx&u&f@x@gntammtyi Grouossk -aaecéndndbcgi el G:l‘hepalctm];o]jnent For

%P% appar at gf tlﬂegSCO Pgﬂeﬁt apd ; o a 405 +,9,30d 6 englne

gramm Ic perspectrve views of the apparatus of
Fimgerclasteo Atha difnwrant chenaslondl PS8 thyoHsallor garry a

Jse%*io""sr}%eﬁﬁfé&ﬂ&bm FNG LW o Rﬁfér of irfe g&m@r@é ! yctack by
circunferenti al rr%gnent 7, which for. e

©Hd scadhflg @Fher g&él dCBINE e‘H@Yné’r ﬁ‘éféﬁgﬁtlu?rlc acid
whGldegaPncansel| aecepasielhd exitentiage materlal typically

gil r%%r}fu%r%qtl aIIy around an end face of the conponent.

In order to repair the intercase, the damaged seal can
be removed 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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to attack by oils and ot her ILgarl cants may produce

hydr of | uori c aC|d mhlch may cause decay of the

i ntercase |caII 20t|ta .um allo :

I'n orgg g?ﬁ (F%Jtae %%sefrclnhe d&mmgéd ggﬁf:'caﬁn the
bélusmeédanobmbmiﬁmmy,ed oheer iiakrtenoyess f shirelle 16 is
%gﬁ%&%ﬂlghaa&‘l%' da”Tﬁ‘PQfSiBf 'Iﬁic%s%%g{}ﬁtw”eﬁéﬂi«% FThat an

I nin nent titanium materi can t
25eef§poa:,¢m@%ph¢ra§/erlsbquihlytéaln% efeuRrdc el adsiogited in

QH@nﬁ%lnu&aliS'dTﬁrfheih@Qﬁ/ natal sitgnRosidd o ( sfevdgedevice
before a new. seal is located in the annul ar annel _8.

Bg.tol Shbekd shBpederesaitedepssadi o Eopat at B§51§°°led to a
Wemparaaurbe vesiedy t ohalepasi whs bapeskidetadlon fdl:lfCLe?@J"l‘deBearly,

30,.effect a re co nen h_as.an .
ﬁ'? gheélsdémdsesc%) %ejdnag%v‘élggg %h gerrrlgt%gl' of the inert
gepossmlehdap]@r atidd 10eg@éndral by cwx¢s§@__ daoensumg that
%g@(}_lgefngr SPRYRL; El% qg %%E?‘E!ngﬁt al deposition device

an inert gas s or _provi di ng an i nert
at nospher elpeBun@ashapbdchit 46 18S35IMPHI Hed ey -ehaped to

SBzped réetc'ﬂarrmoséﬂ | {4y dﬂi@ Cﬁle]l‘b A #nd ol Bli&€s an inlet
coupling 20 between the m) e{}_{g 1% and EI\EE i nert c

g4s %‘?ﬁeFBelalrtedftpe%?t P*e P%IP%} § et wheBf tAErt gas
@hliéﬂldnglehea:dﬁlaﬁd; tdepilneal igas cﬁhl apelrﬂ.ﬁresv\@not shown)

09/ 068 /GBZOOS 364 '
§ PES ate rom é%& ﬁ % gxﬁtt ﬁéleu Cat ed2 to provide
embddigrent fog heri m@qudga@bcgm ethe 1eep@sg§ﬁér shaped metal 18
%aeéligﬁ%g tHY Sres-theeessaik1ko1gnsure that an |nert

at nosphe i's mai ntained around_netal depqsited in

the afigl dioWHaiel headylEhésSsRAFEd Q?é%eéialdé’pog‘?’ﬁ?}?ﬁped and

Q%\é:l%aﬁe]szl ba s&petreutde Zﬁep@&h:t ﬁﬂeé@i‘a{mrﬁ}]gm}qtjﬁe [ tshb@&d metal
cool ed to a eratyre w t hat _at Ich oxidatio

FePPPL L1 a‘ﬁ‘F‘rﬁ.‘P‘:‘f’héLﬂ cf nS2Y and i n-Pare fcu?)% athWeldlng
Ineagille,. Olfhd heowmet hg gheaéhlél d1$6 wielflinesed techdyeber 30 for
selected to en e t uf £ s shiel diuRd s 1 31
FECEags ety E’lg%ertja(?lg(]i:\s, 31}1& %6 Ts qoneral Vi
hoxstizied to phirabity cAAnBRETrRRIESr 3Rhelqrher tsqeg of which

e$nd | ety 24nfQigHt hehifer tneas. oAd MBS exit the
panelg\gé'%gf JS'?hgllbﬂe ) gas Shl eld 16 con ri sgf\

phamdie y38f BPeMIARESY ndR stRfr) 9% hPBug"?‘nl‘?/\‘)ﬁﬁi fpbout  the
I 28Yds i3 NBya t mtbglchanber 22 ¢®idi oyéderahlynentlerlying

her PR PREA GRS BRTel 9 TR g e nEhaReg, metal

nmoun
hiasbdliz iicn alesaigenet al |y ‘box-shaped and incl udes an

apertuj{}?e 218 for gg% S\HV%'&#]I"J% SQ}?&;eghEEtrrﬁJun%Q.ng head 12 are

deposition Gevic r exanpl e be
vel h trap I z2t Bacie  heuReFhgOHesH 19a4F 66 defphably coupling

%nbgﬁdggrteorea[cqpeét\!t&‘@héd‘eﬁb gae &Qﬁdﬂ&&il@e@o@llng via a
|‘'ower “panel 31 conpri si_n I ura |t CEertur es

(RRABESOHEE OMOWRE & RIamd et Soifres 38,
| RrbogiRS i ABYuBEl pditures 34, 36 to permlt 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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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 nounting head 12 are 30 rotatably

t ached [ h [
B ar BoBHER ol actied Ps { REURbEBYabi e Codpl | G PaTmit the
teapz%bw?lfm i figompl ahe 3IBamber 'elfr'éae toubhénghphdees 30, as
; - aper.t ur .
t%%n 1o dé@&k?ﬂ&i e ?ﬁgéﬁl r dte%fgﬁg;“%#é‘le in the

ransfer of “I'rnert gas from anber e 1 ner
gascdihiiepdi®8-35 into the chanber 30 of the nounting

head ia%fe%@n%,hen&@_t ababkegeoupl i pg 20, sHChdhat gBtail the
separate supply of inert gas, does not need to be
pP&ataRder GouPHe oAkt | FrYiPrektr s 22 FhESFoParaiz@nster plate

aoyplhiinngh0 fidius ofefd res argas tglanss erwtiaith i24l connected to

PE-15Shr s RRELaRE 8 ghle IS¢ 98 BHELE 36, secona
bhe roamsfey fEletd244o per mbe them rehskegasf quslet plate,
(B0 15 RARFRE o2 8 BTN H085 e e mouncing
bpedi flicatByh BrefEi¥shgaRwsesoriggasy transiam ites 42,
dat aj 1 e apertures 42a, 44a to define part of the gas
transfer path 21 through the rotatable coupling 20.

A bearing arrangement 46 is provided between the first
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
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 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



10

15

20

25

30

35.

rotatable coupling 20 conprises a first gas transfer
plate 42, in the formof a gas inlet plate, which is

weomneeisezl to the nounting plate 38 of the i nePCT/GR3008/003641

shield, and a second gas transfer plate 44, in the
formof ‘a gas outlet plate, 1® which is connected to

the gountin plad%ﬂég of the nounting, hegg 12. Bot
Fﬁ@uilﬁifstb Fas 1Gamst eRTPI AL8394Y a&EaChed to the
Faekudeagpertaisfedis atddasd osdethae paely efre heowgased about
transfer path 2 hr h he Jhotata oupl

SeéFWhg arrange%e%t gég % éﬁl bé%ﬁ%e%gtﬁggé%lop of the
Istandbéecandp@aggtBansfer plates 42, 44 and is

oper a?h’é R ek §‘ %‘%xfaglrge[?n%h%t '4‘ée rl%to"jlt 'rﬁﬁtﬁféé‘“eﬁrkéthe second

first "and second gas transfer plates 42, 44, and hence

fpd ﬁ@ﬂm@\ﬁ?ﬂ%ﬁ%ﬁ|Qﬁﬁ4ﬁﬂ%&ﬁ%ﬁ@?ﬁ?$h@?t 5&s §Riele@chs in the

anpdmt ker r@ﬂnbhﬁma%a@l%% Wi ar eeiecd Bshent 62, all of
resp ectlve&y t.o the f|r and s ond 20 gas transfe
AS c? {,Fr plate

phafbsaxse rigidly att &% rFTPS
parbyuﬁmﬁtdmﬂélg$ve8saad &mﬂdhadm&uengageahhgeannmoles in

%gf he i rgsl?flsr:etafl i Llea.Lré ?%aan "3 se’con r#ﬁ{]:félh element

bearindg tirenisecoba gﬁSthéaﬁefﬁroplat254éecond annul ar
di sc 34. iBoth 4-ha fi; rlsltus%%t%%.cqgld @Rl ar tj_‘}?@rfﬂgst annular

nmenbers 48, 52 aré rigidly secured to the fir %Ef
beandngr plament25by 18uiloLBItedr it S5 CERGAg akﬂ jtpre 48a
heltesielin the thd sFigas tamnslar peaténd? madbén tdee and the

first and second annul ar earlng nbers 48, 52,
SPGarry B TR R | R FTG 450 ndnprrs ity farddter is

rst ann
bé&fs‘,l ncharenblee é&talrrutcham‘mae:em reft ghs - frhiassf earnrpﬂaﬁtre bearing

te Wh' l.stg & hey $efgggt@(ﬁ‘nyhaEﬁge%%th"aqE%ré;r@%a? defined
u )

|rst dnn earin and is therefore
spac@@efr@#ﬁpWé fﬁﬁ@ﬁlgés Pransngr perabPer425py thee central

g’é%ttu%%m a48£’ear ispg MYHey 4gss§5t5§lmyt heddwriste anlSearJ_ng
cond annul ar_ beari ng menbers A48, clude centr

5§%¥Fﬁfﬁ% UBawh5oh, R TR bﬁﬁgtﬁp lﬁﬁf?ﬁélaHHU1ar
tee rfilngs 1éuﬁmaﬂuy'd@eaﬁmn@r&ewbeaté&les of a greater

di ane r e central er 5 he.second

annul g:la}]]‘ré{l %%1 It#{gfs @f‘e dg%%co?% 8\% located
&m%/dm&swcéﬁmz@mmm x&mnm@rs@@gmd ngnRehdEr Bearing
peﬁaetme%brSeB “t%cf'ﬁ%étéf?‘?&?@ef Qidifedds Skhods 15agst8ter than

are nmount ed about a conmon iXIS
X1 tdut§1be|dig‘im€ﬁ@raxp§ oftheot geFeRdof PERE1PGt afAFMENE  °8-

g%%lll RY 2Phe5SHppdmart nemenit asgeneat meeabs;@eancwmn the
rst, "second and third annul.ar bearlqgaflene Er
&?lnﬁ)b%%%hP?ne%ﬁ@eFBrﬁ?oPngn RS and

SPAGES &hemeat tBt ahér@f1mhsnﬁfaceentgcﬁéyrantachedween the
to the s ond S transf Il rivets

AR T (%qagﬁégﬁf (f olesréﬂk%% ngﬂﬁﬁblar
beanlﬁpmheuénﬁ§u56f158t 6@ecpm@-gy@éeﬁhan@nﬁﬁn%@a%n&earlng
?rj] 'gr an§6 e5n3| R Mpadsri s1eheat! 2 comprise a
I l

the first annul ar
respectlve central aperture 56a, b58a, 60a, 62a, and are

ansfer plate

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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bearing element 56 is located in the central aperture
48a defined in the first annul ar bearing nenber 48 and

W@ b@9ss8d2cond annul ar bearing el ement 58, wWhoBRET/CBR@B/003641

dianeter is less than the outer dianeter of the first
annul ar element 56, is located in the central aperture

a earing.el e nt 56 58 are rot t.abl e. .
38 T ARndiS  BeAPEng A1 St a8 (B gt apRgular bearing
atlpmerns t%6 andsi,n abutareht thet mpmlseededweamuﬁar together

88§£§§?t§'e§%§5§¥% éHE&*ﬁ&%ﬁ“z?“&ﬁE?Hi%g?h§E§ﬂ§H§1ﬂfénsfer

grea e outer dianeter e secon
béagiewg Efewehhe5ghambeyl 132 ¢hetBpad@erd| st sBeeld 16 to

Fﬁgegggﬁﬁérbgbm§§nth§embb?£?ngiﬁéaaglﬁlenent 62 and
as transfer plate to ensure that th
is suFF|cPé%?rcIESraﬁééeﬁétméQﬁ tﬁ&gﬁ%Ve@§t§§ thgf the

sespodt gas bb@@&h@htmzﬁﬁa@hb Bé&atiy ohrthegéinest, 46 to the
third annular

econd :
gﬁﬁsphégg aB&F CBPendRt éf.ea@ rlsgaa rggségf;éis Bhe first
aannlar dpetinge BEsheB5848 6@3 OBQ@reéndpaﬁe>r¢@¢dﬁyrst gas
ﬁg?gg EQaE%e4§ecan3g@fréfagﬁﬁﬁiaPlBéggﬂﬂgggqgnkaét56 is

el'r respective central apertures
located in the aperture 48a defined in the first annular

bearing member 48, and finally the second annular bearing
member 52 is offered up to the first annular bearing member
48, before the rivets 55 are located through the holes in
the first gas transfer plate 42 and in the first and 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
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
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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35 are nounted about the axis of rotation X-X of the
rotatable coupling 20. Thus, it wll be clearly seen

wo eaon0éssgez 4 that the apertures 42a, 44a in thect/iGB2108/003641

and second gas transfer plat eg the apertures 48a, 52a
in the first and second annul ? beari ng nmenbers 48,

52 nd t apertures
BBeRBeR SPCErERIsO Tl C S BEH™ 630 FRCLREeR: Asrotation
Semdndramb t hor dl iamitul ahebeatoury: ebénmerdsathitse 58pt60ion and

oge ef [ he .
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Fvnwahéyehahh@r pxaffiarhe lilmditerga$6sheatandg tlettveen the
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effect the rig attachnent o he resp ective

ééhﬁé%ﬁ?gdoferﬂlh%dﬁé%w nd- 0 r ARgERENt O46 P%riﬁh*ét$qirslfelatlve
28daseeand sgae toraislear Wyt alias ﬂémgélél otha filbst 67 provided

lar bearipg nenber 48 is off to the first
ho heL rEREPE FFA cbumietee (R TRTC anbRl arl e (18 clearly

elleoentrab8di sihodditgxd | B thedaper m]rn@kASahdm‘lnhd imptatable

LB%pALES] 28N 2! PRpbSAtkndaehel o A Jdhfldded thount of
cB nnul ar Rrin er s o up t

rﬁigtlaﬁnulr@rtawem -ng Irﬁ:nb%@mas epePEiBenRE, r| FéEes FB°tation
a5 fikacated fJWQ%QPaEﬁé pel e durel X Hder {18t 28BS second gas
transfer plate 42 and in the first and second annul ar
Eéaflﬁﬁarnemlbae“r%s 482:524¢0 1 SeS1tRE r BQLRFEQRPT giRPSitions,
aht@@heramtateAl thwughtbaef iratataiund lar pbeatibgsel et rated
56 %,s not dIy atl_:L ﬁhed 19 L the flEﬁ gas transfer
pPaf&982 5 s heF i fHB5sPi 8RN 8  apert ure 48a

of thénfi mtdezo armul ef feear i agtashbent 48odue tihe t eotatable
E%ﬁ%ﬁ&ﬁgt 3 e di @ﬁ@ntmmfﬁﬁeh%%@ oh>theh$ee¢@Rd inert gas

beari ng mber 52 1s of a smaller dianeter.
Ahﬂ&lldné\ﬁer‘?@ntroéﬁttaﬂ?éw iGosp Lgnirdieat Yefadty hsentfisest and

Lacbhus ﬁﬁ&'ﬂl@%aﬁeh&etgz efd, eCVOV%JIBé SEAc &ded The first -
axi al |y betwee

e fi,rst gas transf plate 42 2
FRBTSELSRT HRRGEAr °Bedf ﬁ"’&%HE & fhe moun%ﬁ 51 38 of
ahtadheett gafs tdhd elels pectande tcmrtpmweht:sstofgatshet:tmaﬁ&vg plate

Aeat ols ggnt4jgw38ttngé?rStggﬁﬁe§€893d 995 1rafgsisiople  in

I'S-conp ocating the rive
appcmgatrrltahe dlogs it tpﬂeO\SJGtQﬁ]dl@aF,hﬁr aesneing| latseq 38 and
R e30£E e S Sl ermnt- G%Iatg t%ﬁdt Pillrrrgllll%riquﬁefeﬁg second

annul ar ear rr%@el ement s h]t
fonsecaing aemhbedr iRy 18 esr?éiﬂrei‘a% % fer HrihPiHe 40 of
eleat@il s GRyphédg 20 ta@@etﬂ'tﬁrthé:l Bakbyd Yae rimepisfer plate

AR = EL RTINS T
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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The bearing arrangenent 46 descri bed above permts

WO od0a6ssm2 up to 360 between the first gas traned¢BGB2008/003641

10

15

20

25

30

pl ate 42 and the second gas thnsfer pl ate 44, and

hence betmeen the inert gas shreld 16 and the nounting

head 12 , §one WD 2009/ 068842PCT/ GB2008/ 003641 1

ERBbdF %PﬁFél ¥he th6t dt&Bte ADGUFSFHEFLFIHEUdey drembers 68,
7ot ahdomhlel Malteirad6 red dfioficerche mﬂuetrsoﬁerael atéw,e 78a, 78b
rotati n erm.t, onl [Rredetermned amunt of
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BLOFRaAGY T Prrbr SA e T HBREEE it (67 Glong a
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g 'e' 6c %t&wfn% Eitod Eﬁén%%tehoqtee ARAHSIRP 20 to

connect or ag eable in appropri ate
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Ehﬁ%&l?ﬁ%gt ranst ebe ftabee 420oupilinbardy, ideisdasendeds by the
connec mber 70 i s secured to the no

tin
Agremst ke h%uﬁ%ﬁng%ez}&l v tQ EhEYEEC ﬁ&t A gas can
ten ans frewalad e gisd mgwmutdmmlpcomman,orez 7284, 86, the

ble i.n ropriate slots 7 row—pe)q? e
ﬁrﬁ%ﬁ?‘aﬁr e&llgdo gpr%ltt hénesr,ne)cetgnd éaegatrans ‘er pE%Q 78b  are
rf&&ialtetdwe;q IHeustitattéd omissdosent, ingatr B&t ébleéfethrough

COUp" Q%} urt s baterglk raiRfRiGRIENthave been
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wieste ridstd ofint heh¢| e ofd NSe cCBABAGBARREL | g e Hsdeyence  to
83 ridhs ThRahBhesal {ei @M@”ﬁﬁé refhesSiatted Tat various

78a, /8b each include tw st 35 connectors 7
SGHdESRE AP apBr G?atee‘ag‘Pg?§ A ovitgdd P a%e without
'Hélﬂgr*ﬂgugﬂ Fresn 38hed0sandet hef fitlsd @rx@aﬁertondng’a@tlon, as

t f at T l. e o
FTe i FERBRYE: 7BA PBR: 7. o FaECRTIS i, L IR b of
tah t hé.treagpﬁamtve/e qm‘rﬁ';@matgomnb@rlt@gnatqu t Megns to the
Vﬁrxt& ngxtléngecgpdzgg%{qgéggﬂgPM%QO%BQOWLnay be provided

for attaching the rotatable coupling 20 to the inert gas
shield 16 and the mounting head 12.
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first or second gas transfer %ate 42, 44 prior to
assenbly of the bearing arrang ment 5 46 between the
first and second gas transfer plates 42, 44, in the
descri bed above. In some enbodi ments, the
first and second gas transfer plates 42, 44 each
i nclude a row of gas distribution ports 80 82 whi ch
di recﬁhapﬁiﬂomwgn GSPOSHE LoRer RPBRE2 HaS si (l@)10comprising a
hbtavghgt heddt at 2P| €ogouRhintd nd0 4 r eRupbe lrrﬁﬁratl gf@posulon
hleld ng{ o the npunt head. 12. tOMﬁh% 05| i
ﬁgbgs ri alPh nlﬁﬁrb ‘beﬁ?ﬁgﬂgy er | gpfﬁgl ingan
ﬁnéatabkmommmmnaupﬁﬁhndnﬁhapbdamedaby LBe depowatAd nn use

the %ﬁ%}%éar%t%]ﬂur I é)&q: C}{mgﬁﬂ&g qt)?ers lfagragtperlsed

a so’inc such gas stflbu
por ttsheg4, tBe, aammgatals omeh@@we@ger@wqﬂ;@]ﬁe sRuphing (20)

Bgf‘{u@e | 1y amBLARY MY e tl‘.ﬂ@%' rlﬁ{ci gas fi@Wdgas shield
rougP the rotatabl & couplin fl ow t owar ds
e

déébs ee§wa5eaeﬁapéwﬁar0FﬁtaanaFBar@Eﬁewg?Py

gnder hyppagathe b@oﬂr@mr@ Qﬂ:upilaftgn 20, aBeiradhcated imert gas
rder, to ensure that

?Hé??g g§6$aﬁsf98RFF8%&Vd§rfhggaggddlstrlbutlon ports
80, 82pp84atae atkeridingr dlo cdiadfrorlc eemtl amentier swirgegin the

rgga g‘i‘e 7? éiﬁn@er&ﬁ'j?t ?ﬂ)ﬂ&%ﬁl&%ﬂo% t@?reessé‘gg % ransfer

ner gas t di ments_of
phAwent i(48) h@@@n@@é@dzmjéé@ul@@ﬁ ﬁaaﬁ]esfy@@edﬁlrfg), a second

gggagﬁfﬁ’ﬂéfé\.‘rt hhrafer queg tecMaskeds Q:)@n‘ﬁ}Jh%S mbhnt 1ng head
be appreci ated t hat varlou

fication
ex 25} G R Ang e AREN o {ABDS DREBRFET ARY rfst and
b%@o&@opeg@é t herqrsefant pﬂmeeblon(4m§ clagi)ned. tRer bearing
exa ring arrange
QFFg‘F‘ﬁgme9§ cg i A SEA rIfler nat I%&Xn bcgn%lt%ol‘fawg rotation
bietseeand lsecitins toandcsengndeaber $168sfpr plptes (42, 44),
quided. J oéaiacﬁt9§F%BQVEh?oEQE%Eﬁbb%t%@Bl I Zﬁbﬁrg:vj\gg head

e inert gas shie he nDuntlng head 12.
2(0@9/@618184? inez20eec0696£11 4@ ains 1. Shaped

et al Q%khbonaa@@ﬂaﬁﬁgstkﬂoélﬁﬂﬁpelS|@@eﬁeﬂnunﬂkmgbearlng
gg&%@éeﬁ%ﬁ;orgﬁgrﬂiﬁggbggghﬁgggane%%)E%%r -pr%éﬁh % bearing
&lenideatdt %msab&rer:agmﬂr}d sbéapeed nebalonEel 89f depesiftiagst and
ARG, S AT T e T ey atd T ncl udos &
1=t at Apipe e | AgoE2O)inget Weenciabm nunt g IRdad hg) first
and, hng 1 9elt gasnshb&td (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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10 (16) to permt relative rotation therebetween. 2.
Apparatus according to claim1l, wherein the inert gas

wa bioeleBs¢16) is generally arc-shaped. 3. AppaPet/GB2008/003641

according to claim1 or claim2, wherein the rotatable
coupl ing (20) conprises a f| r%? gas transfer 15 plate

?) conne ted to the in as shield (16), a second
g‘a‘% { r bhe i Pl FEENEE) HRSCTEd " h FOEROCAG hedper ture
((Jsg)a, aed iacldedni m@e?rsea@@elnanhu(lé&) beetrwegnmthbeki (SL) .

nd s ns e 44) .. t he, beari .
g’rran% aq:a%%%G el T ln%erab?\e erfrﬁ*L e?at%l ve6ng wherein
itdieat |1:@ra12@19betamf@mgeh@rft| rs<t469)nd Jsredombsgasa t rahsfekity of

%'n%‘iﬁ%z( affhg @TQmEﬁE%e % gl atdgse £9 9&12” secured to

between the nounting h and’t he 'i ner
$ikiee |k hems ot tzll?eABbﬁ?’ét a§ a8E6PENGaso tadishey, plates (42,
wherein the bearing arrangerrent (46) i ncl udes first

and second a I i gid
§ecur@’é°pﬁ§a5ﬂné“u@gctoﬁ 1?4‘3?850 aﬁgeyélcgnd 3’§§ rleglrpi‘grality

pylfataamL(Ma?c Eeriry ppacmtsis (A6¢06E|, NGO o cclmgimsks a first

e f b 4
BT IRdEL APTUAAK, PoRb10 TRIACEA( a0k | ST concran
@Pﬁr@slr(e42(48494) definge B0 Sbeodd ratnuramulsearkery ing 'member
TaEelardb s éécéx@daQHBH?Qif BebRihle dhidhithycan®d)arin aputment

bearl n 8),.the first and second annul ar
e &t réﬁheﬁﬁéﬁfs imlsulw) bBRFhBIr P4RHEPES d6E e@th kofiafed in

e Oofehtheali Bperandesecsuy) gasftinaasfier phat eedohd annular
44) rsuch th te cggér al apertures (48a, 52a) defined in
PFET38G MelPeEnd °édcond annul ar bearing menbers (48,

52) amppareangecaiodirgg covmohaani 8., GrheApdar dthes plurality
oS LA MR L2 SHIL) B o ehie
annular bearing element (60) in abutment w1th the second
annular bearing element (58) and having an outer diameter
greater than the outer diameter of the second annular
bearing element (58).

10. Apparatus according to claim 9, wherein the bearing
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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greater dianeter than the central aperture (52a)

waledovness4:t n t he second annul ar bearing nmenber PEREB2008/003641

Appar at us accordi ng to any of %I aims 4 to 6, wherein
t he beari ng arrangenent (46) thel udes a plurality of 5

ann ar I t 56, .58, 60 dl d
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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).
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transferring inert gas fromthe inert gas shield (16)
WO eowiaessabunt i ng head (12). 13. Apparat us accoPdl/6$20408/003641
any of claims 3 to 12, mhereif5one or both of the
first and second gas transfer plates (42, 44) includes
plugality of gas di,stribution ports (80, 8 to
307 ectirRet “BaliTondrnesdbios RoPLRabit ikt facigtly as
heeainhdéplyi migsiche beat arabler casipthogn( 20) ,tHEetawermpanying
%ggwiggg( gas shield (16) and the nounting head (12).
14, aratus according to any of clains 3 to 13,
wherein 10 the apparatus includes first and second
connecting nmenbers (68, 70) for connecting the first
and second gas transfer plates (42, 44) to the inert
gas shield (16) and the nounting head (12). 15.
Appar atus according to claim 14, wherein one or both
15 of the first and second connecting nenbers (68, 70)
includes a plurality of gas transfer ports (84, 86) to
direct inert gas towards deposited shaped netal in an
area underlying one or both of the first and second
connecting nmenbers (68, 70). 20 16. Apparatus
according to claim12 or claim 13, wherein one or both
of the first and second connecting nenbers (68, 70)
includes at | east one lateral reinforcenent nenber
(76a, 76b, 78a, 78b), the or each latera
rei nforcenent nenber being perforated to permt the
passage of inert gas 25 therethrough. 17. Apparatus
according to any of the preceding 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. 30 18.
Appar at us according to any of the preceding clains,
wherein the rotatable coupling (20) includes a
rotation limter (66) to permt up to a predeterm ned
anount of relative rotation between the nounting head
(12) and the inert gas shield (16). 35 19. Apparatus
according to claim 18 when dependent or ultimtely
dependent on claim 3, wherein the rotation limter
(66) extends between the first and second gas transfer
plates (42, 44) to limt the relative rotation between
the plates (42, 44). 15 20. Shaped netal deposition
apparatus substantially as herei nbefore descri bed
and/ or as shown in the acconpanyi ng draw ngs.



