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Introduction

In the initiel stages of work it vas considered that the designs of vacuum
chambers of existing proton synchrotrons could be improved by the use of new
techniques and matcariels. This would aiford a reduction in the magnet gap and
effect apmrecisble economies in the design of the whole machine. A new form of
construction was sought and o wvecuum chember mede Lrom gless fibre and epoxy resin
supparted by stays attached to the megnet has been evolved.

Following & recent vieit to America by members of the 7 GeV mroject teem,
questions heve been raised as o whether the mroposed new form of consiruction
gives us a significant overall adventage over the earlier forms. fn assessment of
the vorious designs in relation to the 7 GeV machine is made below to assist in
mal-ing & final decision as to the type of chamber to be used.

Requirencnts

mmmmstbecmtedtoap’esmcflentmm’smini-
metres of mereury (air equivalent), It must consume es little of the magnet gap
as possible., It must be non-magnetic, and its influence on the megnetic field dus
%o eddy cwrrent effects must be a minimum; eny such disturbance should be radially
uniform. Its performence should be uneffected by redistion. It is slso desireble
{0 have free access to the cuter edge of the voacuum chember for exporiments end
for it to be readily removable and replacesble.

dsterials

These requivements limit the choice of materials. Conductors may only be used
if preceutions are token to svoid lerge eddy currents and their effects, and thus
involve & leminated structure. High resistance meterials are necessexry such as
non-magnetic stainless steels, Inconel, etc. For these reasoms insulators are much
to be wefarred. Suitebls moterials far use under high vacuum conditions ere glass
ceramics, fused silica, cortain synthetic resins, and polytetraflucroethylene,

Construction
Several designs are considarcd as follows:=
1o Self supporting vessel mode from:e
{(a) Solid insulating material,
(b) letsl lominations bonded together with insulating moterisl.
(o) 11:?:1&‘&1!18 moderial with discontimious metal reinfoarcement moulded

(d) Metal skeleton clad with insulating meterial,
2, Supported vessel using construction (a), (b), () o (a).

3, Double walled vessel, using one or two of the sbove constructioms with
on additionsel possibility for the inncr vessel:i~

(e) Very thin metal shell of high resistance matarial.
4o Vessel using megnet as wells.

A muberr of these comstructions can be eliminated, even though they have been
used an other machines.
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The Birminghsm University synchrotron uses the first design (1.(a)) in the foarm
of moulded ceramic sections joined by rubber geskets. Because of the larger aperture
oo the Herwell machine this fam of construction is beyond the cepabilities of the
c@uic vare menufacturers and is thus eliminated.

The second method (1.(b)), haos never been used. Tests have been carried out
with adhegives hoving sultable vacuum propertics and show thet this scheme is not
feasible with ocur existing knowledge. The shartcomings erise from: the unequal
thermal and mechanical properties of the metol and bonding matcrials, meking the
structure susceptible to mechanical failure; short-circuiting betwecn adjacent
metal laminations; and geseous leaks. It is of course possible that special
techniques for making & satisfactoary vessel of this type could be developed in time,

The form 41.{c), has been used for the Secley synchrotron. This is one farm of
construction that has been seriously discussed for the Herwell mnchine, and is
described in more detail below.

Construction 1.(d), & metal skeleton clad with insulating material to provide
o vacuum sesl, hes been used successfully far the /mericen ‘Cosmotron' vacuum
chamber. This is another possible consiruction vhich is discussed in more detail
loter.

A design (2.) which uses cxtarnal supporting stoys will permit the use of a
vessel well. One of the maoin design difficulties is the high stress
concentrations at the point vhere the supparting stay meets the main vessel. This
construction makes possible the epoxy resin =~ gloss filwe chembor which hos been
evolved and is examined in more detoil below.

The use of supporting stoys in combination with & cled metal structure would
involve considereble design changes %o the Cosmotron system because the supparting
@id bers ere independent of each other and it would only be possible to support
those direotly below the gep in the magnet blocks (one in fourteen if ome inch
wide bars cre used). It would be necessary to put & stiffening spine along the
bars to get the full sdventege of the stey. This must be stainless steel for
strength considerations and would introduce serious disturbances in the magnetic
field. Vaouum sesls would be needed where the stays penetrated the sesling
nembrene,

Double walled vessels (3.) have been avoided becouse of the complexity of
assenbly, vecuum sesling end pumping, ond the difficulty of providing essily
modified experimental facilities.

The ‘Bewatron' in the Undited States uses the magnet structure to provide
mechanice) strength (4.). In arder to provide any latitude for sheping the pole
tip contowr, the pole tipe must be within the vecuum sealing membrane, end the
difficulties of finding e laminating adhesive which is accepteble for high vacuum
is again introduced, The Bevatvron requires some days to dowm to en operating
ressure and some weeks to reach pressures of about 3 x 1 mn. Hg. This
eonstruction is more difficult to cerry out on the °C' type of mognet than on the
'H' type. ~for these reascns it hes not been further considered for the liarwell
machine,

The designs most accepteble for the Ikrwell mochine are the 'Cosmotron’ type
chamber of metal ribs clad with insulating metcrinl, the 'Saclay' type with metal
ribs cast into on insuleting resin, and the glass fibre-epoxy resin
type with supporting stoys. These are now considered in more detail ond an
attempt is meds to summerize their relotive merits and disadventages in tabular
end diagrematic form,

Seglay type chanber (see -ig. 1)

This consists of a mmber of small chamber secticms which are bolted
together to form o complete arc, each section having elastomer seals. The
comstyuotion oonsists of a stainless steel window freme at the radinl edge
of the box, with 'C' shaped stainless steel members slotting into it. This



@ skeleton provides the mechenicel strength. The immer well is a double

laminate of stainless sieel strips which is bonded together with epoxy resin
and glass cloth and then shoped to the requisite comtour. The skeleton and
dmmer wall are then ploced in a moulding box, together with the threaded
inserts for finel assembly and the section is vacuum cest with & silica loaded
epaxy resin.

In the evolution of thia foarm of comstruction, techmiques had to be
developed to prevent high stress concentrations at interfaces of the stainless
steel reinforeing bars and the epoxy resins into which they were cast., The
aning temperature of the resin has to be limited end its best vacuum propertie:
ere not realimed. This is offset by the atainless steel lining,
Cogmotron type chamber

The general form of this construction is shown in Mig. 2. Two vertical
reils provide the stiffness of the assembly and these must be acourately
aligned to present the minimm srea to the magnetic field, Ledges are bolted
to these ralls to provide support for the mid bars, which are in tuwrn bolted
o the ledges with intermediexy insulating peds end bushings to mrevent
dlectrical comtimiity. A synthetic rubber skin is then stxretcohed ovex the bars
and secured at the edges by bolted metnl strips. The pap between the grid bers
is small end since the rubber is pressed tightly against the grid bers by
atmospheric pressure, only a smell poporticn of the rubber is exposed to the
vacuum system, All motsl perts are of stainless steel, the bushings are of
Kel«¥ (monochlorotrifiucroethylens) and the skin is of "lNMywveseel’. In
oonaidering this foem of comstzuction for the Harwell mechine it 4s necessery
to use matcrials with better vasuum properties than the "Hyveseal'. A model to
evaluate this type of chamber has been constructed and is boing used to
dsterndne sulteble vacmmm materials,

This is e structwre ce sliows in Mg. 3, the whole octant being one |
chamber section, Top, bottom, sides and flenges ore made with cloth woven from
gless filtres snd impregnoted with an epomxy resin chosen for ite vacuum
moparties, mechanicel propertiss and rodistion resistence, the components then
being bonded together with the primary resin, The pole face windings are
seoured to the outer skin of the chamber, Ciramferential stiffness is given
by ribs between the pols face windings and redisl stiffness is given by
supparting stays. Antistotio properties and enhanced vacuum properties are
given by a metallic film on the imner murface. This may be a vacuum deposited
£iln although other methods of applicetion sre being investigated.

The chamber extends be thé poles of the megnet thus forming a duot
which permits pumping fiow below the chember. A uniform edge in which parts
can be insexrted as necessary is thus prescnted round the periphery of the
nachine for beem extraction,

A 6 £, section of vacwm chamber of this type is under construction
{completion has been deleyed by industrial disputes effecting moterials
delivery) and should be ccmpleted by 31ut Auget. This will be full size in
aross section and will be subjeocted to mechenicnl and vacum teats which
simnlate mechine opexation.

A peper recently circulated to the FProject Cammittee "Appraisel of the
woposed Epoxy Resin Glass fibre Vacuum Vessel for the 7 GeV Protom
" gives more detail, and from this it is seen that 2 major ceuse of
concern is the behsviour of epoxy resins under irradiation. Tests hove been
cexried ocut an the cyclotren to determine the effects of proton ixradiation
and to coxrelsie these with mecsurements mede efter neutron irredistion in
reactars.

Irrsdistion of the vacuum chamber cen be deleterious in two reapects,
loss of mechaniesl strensth and degredation of vocuum wroperties. The effect
on the voouum properties is a function of the amount of radiation the irmer
slein of the chamber receives (neglecting the masking effect of the metallic
£41m). Vhen high energy particles (greastcr than 150 lieV) traverse the chanmber
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much less energy to the inncr skin than the lower energy perticles
ttered protons at injection (15 Mev)., Allowing far the angle of

.Mdmofthalmmgypmﬁclu,th.ymﬂdglnupﬂlﬂudrm
in the first few thousandths of an inch of the chamber wall. They can however
be skimmed off by suiteble apsrfure pletes in the straipght secticns, and the
vacuun sxface of the charber thus protected.

The effect of radiation on the mechanical mroperties is being determined
of the aross Wwesking strength.

of the samples during proton irradiation was estimated to

hilst this temperature is not excessive and will not damage
the laminste (indeed post-curcs are done ot temporatures up to 200°C) the effect
of redistion at this tomperature will be more mronounced since each perticle
within the sample hag mare (thermel) ensrgy end thus requires less energy firam
the incident protons to cchieve a perticular energy level,

The effects of proton end neutron irradistion are compered in :Ngas. 5 and

1
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In figure 5 the cross bresking strength of H.P.A. - fitwegless lominate is
shown against the carrespanding proton irradistion dose together with the
unirrediated comtrol sanmples. In there is a variation of aross
treaking strength frem 700 to 1305 after ixradiatiom. lowsver some low walues
are reocrded (between 20 and LK) but all of these semples delaminsted during
the Wreaking test.

: The line in Mg, 5 shows the voriotion of flemwrsl strength with neutran
irrediation.

The dose received under proton irrodistion is close to the practical
maxinum dose thet can be obtained from the cyclotron under mwesent operating
conditions snd represents 26 hours contimuious operation,

In figure 6 simllar plots are mde of

{1) Fiemumal stremgth of H.P.A. cost resin egainst proton irradiaticn.

(2) Flemmal strength of 1LM.A. cast resin sgpinst proton irradiation,

{3) The lines show the veriatiom of strength of the cost resins with
neutron irrediation,

The first obscrvation is the hipgh strength retention of iLIl.A. resin both with
roton end neutron irrsdiction. By conparisen ILP.A. is congiderably poorer.
As a rosuls, 1LILA. laminates orc being prepered for neutron irrediation
similey to that undergone by the Il.F.i. laminates.

It will be seen that degradation e to take place with the H.P.A.
resin leminate when ¢ dosc of sbout 2 x 10° rods hag been reccived, but there
is a likelihood of improving this condition by the use of different resins.
This dose mobably corresponds to the full beem output being unifarmly
sbacrbed by the chovber (8 hourg/day) far 1 yeor, but work is contimuing to
obtaln an scamxate asseassment.

With the Saclay and Cosmotron farms of constyuction the pole foce windings
?Mwhamuwmoupmmmwum
(1 -

chagber thickness x 2
pole face windings x 2
pole face fixings x 2
tolerances and clearances.
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ith the glass fitre comstruction the pole facc windings can be embedded in the
and the magnet gap then consists ofi-

¥

beem aperture
chamber thickness including pele face windings x 2
tolerances and clearances.

mainmaimofemhtywofohmmvebewaoaledtomtthow
machine end ave shown grerhicelly in Fig, 4. The influence of the magnet gep
(right hend soale) on repetition rate, magnet coil twms and radiol aperture is
represented by the blue line. Difi'erent forms of charber construction are shom
graphically against the left hond scele oxd the point an the line which carresponds
to the apace ocoupied by the chanber represents the machine operation for that
chaniber.

The Saclay chamber is very ‘clean' as a wvacuunm construction and with the best
Tezine should give a good vacuun perfoarmence, although this may be modified by the
length of gasket material employed.

The Cosmotron choambexr presents a large surface area of steel to the vacuum
and better materinls for the membrane are required before it is acceptable far the
mmgm The gasketry involves intersecting seals, which could be a sourae
of diffloulty.

The epoxy resin glass fibre charber, with a metallised interice, presenis a
good vacum surfoce with conventionzl designs of gasket which are kept to a minimm,

The seclay type is not readily modified forr mechine experiments beyond the
facilities which are already aveilsble as windows (epproximately 24" x 3") in each
chamber aectiom, although by dismantling on sre it can be re-ossenbled with certain
sections of special shaps. The Cosmotron chomber cenm be readily modified, ports
being cut in the aide rails as required, some of the strength thus loat being
restored by suitable design of the metching attochment. The port of the chamber
cogupied by the pumping menifold is not casily availsble for experiments. The

pamping port region being more availoble since pumrdng is done from belew the
chogber .

There is more dependence on radi.nticnresis tance of the resin in the epory
resin gless fibre chomber than in the other types, they derive their mechanical

8. H. Cross

Aoccelerator
412,10,

%.E.R.B. » Hervell,

A5th July, 1958,
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Figure h. Effsot of Chember Construotion
on Magnet Gap
o and Naohine Opezation.
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