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Abgteant

Hishiuw oosbed conper cavitiss ars an atirsctive
geiubion for B supsroondunting structurss. The copper
parbs sre wsually obbalnsd by eplmndng and subseguent
weldings. Sub the defecke of welded surfeies mey oreals
joosl coebing probless. Une wey Yo alnisize thes is to
hydrofors sonolithic sevitiss starting from OFED copper
wubes. Menufacturing procedurss sre pressnted. Yhe very
snoourseing results obbelned oo sultlesll pleses fov
fragusncies of 2.1 Mz aad 1.5 GMe are corveslated with
thaoretioal computablions. Exbrapelistinn Lo the hundreds
Mz renge Traguensy ls discusssd From the technlesl end
finanoial points of view.

In oprder bo schisve bhe best nossibls performan-
pes 8.9. slscbricsl fleld gradisndt, redic-Tregquenty
struckures bulll oy pluoned for new particls scosisrse
tors ere superoonducting. For lwo decwsdes, nioblusm hes
been utsd bobtbh s supspoonducting and as structeral mee
terisl. VYerious febricelion btsohnliguss have beesn Lrled
more of less suooessfully to obbtaln sebisfectory bulk
nicbium cavitdssi]. In pasticulsr, ciroular/ellipticel
savitiss in the decisebric range (300 My to 3 G2} ere
now usually swrwfechured by spinning shells and subase
guent slsclron besn welding. Bub Desides thelr high
eunb, the relebively  poor  therssl  conduebivily
of nipbiue could orsels thermal breskdown.

& way to lmprove the situstlon il o cosl 8 high
thermel condustivity mebal llke copper wilth a thin
gupproordiucting niobiue Flls. Development conducted sl
CERN has shown the visbilidy of this spproachi?dl .Amomg
sdventeges, ons oen mentlion the lowey price of copper,
the insengibivity of thin filme Lo trappsd smagnstic
Field and » poosible use of pipe veoling which leads to
s sispler oryostel. However; the firsd arislrg lethno.
loglosl peoblem ds the productlon of cupper parls
suitebhle for 3 good cosbing. Hydvoforming wonelithie
pavities shartling from copper tubes hes glven very
ancourasing resulls presentsd balow,

Fand:

Ganaral

Beslides machining, vwhich should practicaelly be
axcivded for thess shell-llke structurses, g ssriss of
tochrdgues srs posaible, in parbloulsy splondng, desp
drawing, hvdeofomsing, hobt forming, explosive fomming,
slactroforming.

The lstter thres solublons have b gone suoh
furbher bthen feesibility studiss or lisibted  probely-
ping @

" - Mot forsing should bs dome in vanuus with g
conbtly  wad complicsbted tooling and mey lsad
b g lsroe incresss in grain sizs
- a8 bthe visld polnt of copper supescledly incres-
ses with strels rsbs, explosive Toming doss
seb allow sy ssoundery orsep snd is therefore
svolded for lerge deforsations: .
-« wlectroformed protoblvpes of smell sizs have
bgan bullt bub sxivspolstlion lo lspgsr dissne
sione ls doubtful @ copper ouslily. thickosas
vgrigbions.,

Sminning - Deen drawin

The mout populer angd exlensbvely used technigue is
the production of cups by deen dowwing snd {ap) spine
alrg which apre then lolned Iogelher by slsciron besw
welding. This smenufecturing ssthed ls thed ussd for
bulk sichive. Whersss the fomdng diss peprasent s
Limited fnvesinend, welding of UFHC copper is such more
diffioult to wmester than thel of niochium. Extensive
studien have led bo huge leprovessats of the welde que~
ity ¢ minimissbion of wolds oreabisg vaowe lesks,
decresse of surfece roughness, control of shrinkegs(3 .

These solutions lesd howsver to largs lrwvesisents
for internel £B welding sourge snd orecise adlusiszent
toolings. ALl merufachuring sbeps sust 2bill be oore-
fully followed » dimensional checke sl sech step, pree
elos fitbing of the Individual sups, carsful welding of
the whols length of the Jsnists @ sore than 12 ssters
For ¢ 352 MHz &-cell cavily. fnd despite all thess ouge
tly preoemutions, the final pleces of serise production
may sbill lsck repsrodusibiliby.

Hydrofy

Hydpofomming meens pushing o plegs spelnsd o pinid
dis by spplving 8 large pressure through o deformable
medium, liguid or polymer.  Large woluge ¢
srhisved with the Topmer and bhe letler allows Lo solve
gagily btighiness problams.

Hygroforming is s wmseuPecburing procedure aivesdy
sxtanslively used for wvacuws  chasber  slawenbts  liks
bellows engd trensperent Dhin well swpsrisentel chasbers
i metevials as different ee sleinlsss sbeel, bibsniusm,
niokel snd alwminluy siloys. 1L has the adverdbasge io
supprass welding In orities! rsgions, limitimg 4% fo
bhe connsoblons with end plssss. IF the toolimg is
sxpangive, on the other hand resprotucible parbs avse
shteined sirsightforwasd, Thepsefors, 10 i ebissctive
o hydeoform s oselerdel with s lapge ullimebe slonge-
tlon Like coppsr to obbails radio-Tresuency cevibles.

fihie vavition

raforaing

Mathnd

in the present osee, the owvilies sre exclusivaly
made  From Dwygen Free High Contuotiviky  [DFHE)
LORDEE.

These oevity oells sre sxisveestirie with e rsiis
betasen maxiaus (B) and mdndaus {8 dlsmetsrs un fo 3.
Commeguently. iF the Initlsl plevs iz o ssovless bubs
of dismsler d, the radial elongeblon ls bhen Z008. This
value i largsly grester then ulbtisste slosgeblon of
GFHE copper st roos tempersture {4383, bl & multisbece
process, theorebloslly four sbaps wilh  intersedisis
srmweling, is possible. Howsver, socording lo ihe wilw
me oonsereetlon law. the well thimnding is sousl fo oop
larger then the diemster rabip and this leads in strup-
tursl problems or hegvisr {Yhicker) pleves.

A batler wey Lo solve this problen is %o sberd wiih s
larger dimseber (Do) tube snd spply 8 combinstion of
swgging, thus oresiing lorsidel gemoves s raducing
the disssier o ils alinisus wselus, s sibsecisnt
saparsions by Inflelion bo sbisin the reguired shepe.

Swmein

the principle of swening le shown In Fflgurs 1. 4
Blgh rsslstance polyursthane sesbrans blocked by a
vigid support ls pressurised. 11 pushes the soneslsd
tube onto an internal core cresting s toroidel groove.
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During ithis process however. the resulblng  oose
pregssive stresses mey leed Lo an inslteblillity by nlastlc
buskding, crsaling ripples snd apoiling the Lubs with
ny possibliilty of recovery. This phenossnos bas besn
modelisd using B0S0R 5 sofbtwars 4] and verifisd by
tonbs.

After oplimiselion of Uhe procsss, = reduction up
to 408 of the dieweler has been schisved In anly one
stage with & pressure up bo 430 bars.

Afrer the swaging, redisl deforsmabion to preach ine
maotimun dismeler iz 8till much larger fhan the coppsy
it imate deformalion, bul the complele nunber of steps
for the provess 1 now sinisized ss well as with the
wall thinning.
£ aion

The principle of the expansion phase iz shown in
Figure 7 (final configuration). The bube s pleced into
& mulli-pert dis wibth the sxisenal shape of the final
cavily. This precise die g equippsd with dowsl pins
in erdsr to eveld sny sisseiching., It s indtially
opaned in opdsr fo supprsss the sxizl slongebion and 1%
follows the sdial sovement of the tubs bto its olosing.
The high internal hydesulic pressure {up Lo 200 barsl,
controiled senuslly. deforms the oopper plusbioslly
aguingl the sould. Fach expansion phase i sonitaved by
simply ssasuring the seximaes diameter: the prossuss
incresss is stopped when 1D reaches the valug oorosse
ponding to the specifisd sexismus slongation.

Figure 7

Ay Tor swagling, the experelon phoge has boen oofe
puter sodeiled. CASTEM softwarel$) sllows to study the
somplex phanomene of hydeofomming  plesticdly, lerge
displacaments,  varisbles  boundasy  condibions  ang
cantaote. Modelling predicts peaclisely the behevieur of
the pleve during a1l the stages snd, in perbiculsy, tha
rapid dismeter increess sbove 208 slongstion. Compubasd
valuss sgres very well (bebler then 33} with the msesue
rad ores For all stens.

Haat trastmant

After sech sxpension stepe, the lubs is wonesled
urlsr  vamuasm.  Peareselers for this operabion have 3
drastic Influencs oo grain size lscresse but the
optimel temperabure-Lime combinsblon il nobt well detar-
mingd ¢ 4t lays bebtwsen & low tespersbure (330F0Y .
long durstion and 8 high bemporsiurs {83(0P8) - shopt
guretion | The prasent choice le 6500 for ors Mour
bub more lovesbigeblion in bhis field le clesrly nseded.

Faut,

pavition

Hydroforming has been spplisd successfully fo fwo
types of mono and multicsll cevitise 1 ands] pleces of
ahout 2.9 GMz and 1.8 Mz esvities Tor the S80S group
st CEA-Ssclay [8] srs shown in Figare 3.
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Flgure 2

Thalr maln geomsivicel chavecteristine (s ee) e
shwr balow 3

Digmeters {internal velus) Tricknsss

Fregusnoy

Tubw i Cavity aninifavily max Tube

Do g D

Lavity min

2.1 Bz (5.0 35,3 a0 2.43 1.08

1.3 BHz (BGLO 6.0 181.48 5.4 158

L



g

& oorrect design of the ewpssslon dis considers
the thiclesss varistion. the slasbie streln and dis
smvesents widey oressurs. In this cugse.  the interasl
shaps of & res ocevily is scoursts to some Lenbhe of =
mililemeber. FHepeblblvity on g sssll serlies produstion
han bsen sessursd Lo be in the rangs of one btanth of g
millinmeter.

Graln slze snd the resulllng surface roughness ine
crosses wilh the rmmber of sonesiings. All the present
cavitiss heve besn serufectured wilh fwn snnsallngs.
Finsl swface roughnsss depends slso on bthe Initisgl fue
be gqualily (Re bebtwssn 0.0Z snd 0.2 um). On the oor-
regponding raw ploce Just after Tomming, Ha ramges from
8.5 wm oand 1.0 ue oand aflsr cheslosl polishing, Ha dew
crasses down fo 0.1 - .93 um.

Honoeell 1.5 Gz osvidiss {Tioure 43 have been
costed with nloblum by nagnstron spullering.

Filours &

Wheress & "splrned" oevily sxhibils s elmost wnifors
wall thickness, this wiries For e hydeofomed cevity is
inversely proposbionslly lo the diemstar shange. A sbye
dy of the mechenicsl beheviour of 1.3 Gz cevilisg in
the alastlic renge has shows theb, dus o 5 betiter
thickness repertilion, = hydroforsed cavily axhibits
saaller pesk siress under pressure or own wseight losd,
hlgher elgenfreguencles in sdisl, itorsion and flexien
smodes end highsr buokling valuess under exbtarnael pres-
BULB .

Dxbrannletion to obher Prequencies

Thaeoretics! sooroach

The Tessiblility of hyvdvroforsed 1.5 and 2.1 BHz o
vities belng demonabrabted, one should sxesine s possie
ble extremlsblen be lowsr Treguencies, l.e. lepger
plenes.

Teking inte socount,

Lhel, in the considersd freguenty engs. BUDSTDon-
ducting BY ocavity shepss are very sisilsr Lo ssch
abhar,

<ami thel losds spplisd durling hydeoforsing eve
orly prassure losds,
by spplying lews of similituds to the sgustiens of
mechanios, it cen be shown thel the pressurs lesding o
aimilar deformebions dg the ssme Tor any Fraguenoy.

Thersfore, any ogvily with disensions proportiens
to the ones alresdy hydroforsed could be hydroformed.

Prantisal soniiestion

Wharess hydeoforming has theureblically no limlts,
some drewbacks sppser eb low Frequengy ¢

« the firet and saln one regards the dimensions ¢
they vary wilh the inverse powsr of bhe frae
guency. The tooling, proporbionsl fo the thisd
irverse poer of Tregusncy, becomes huge end
sxpenaive in the B00-300 MHz renge. For
B8O MMz, 1t will weligh sboud £ fons.  The same
soaling spplise sleo Lo the vacuum oven.

- Large and scourabs UFMD gesmisss Lubse have to
be especially senuPacturedy for 350 sz, their
dimermions sre shout 3.5 selers long, 10 milli-
sstarg thick and 300 me in dissebsy,

= Metsllurgical snd sechenicsl behaviour changs
with the pert thickness ¢ grain size, swrfsoe
Bardening, ...

- Sheps defaulis will lower the criticsl pressurs
during swaging,

Howsver, 1t is believed thel none of thase
drawiscke orgate problems which cennol be solved, at
least for frequencies higher than 300 MHg,

Tumion

Un the technicsl side, the nmeln sdvenbages of
hydroforming over the present merufacburing technigue
srs the suppression of ths critios] welds, e bebler
geometricel scoursoy and beller ihickness repertition.
Gn the firencisl seids, the propossd febricsbion s
easier and shorier per cuvily end the large ieiblel fne
vastment fe guickly esoriized sven in the ocsss of g
sull series production,

In the permpmolive of LEP srergy upgrading, sty
dies on the inollry end senufecturing procedure have
now sterted et CEBN bo Mevdeoform Gecsll sonplibhie
352 Wiz redio-Traguenoy oeviliss.

Aoteromel o

the development of monolibhic hydrofopmed pevibiss
resuits  from the colleborstion of geversl workers
within LEP division, in periicdlar ¥. Jeker for initisl
development and J. Benest and B, Jsggl for design end
accurgte sasufecturing, end G, Bechy for his support.
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