SECTION 8

VACUUM_SYSTEM

ey

8.1. Introduction

design of the Nimrod vacuum system un.omau.;_.«mm ;
moomwmwwﬁoam.muewm vacuum vessel had to meet special
it had to allow a sufficiently low H.N.wwmzu.m t ! .
particles, due to scattering by residual gas Bovmoﬂ.h_.wm,., .
The particles travel a distance of about 100,000 miles W
being accelerated to the full energy of the machine and
excess of the mean free path, even in ultra wwmw <.wo¢§ o.ns,
10-9 torr is about 30 miles), so that collision between the
and residual gas molecules 1is inevitable. The mom&amﬁpﬁ@
injection and it has been shown(1l) that to keep the bm.n.,.«,w.a .
pressure of not more than 10-6 torr is required. This pres
in small laboratory apparatus but presented problems on e
complexity of the Nimrod vacuum system. 1

The vacuum vessel was designed with the following requ

(1) Tt must take up as little of the magnet apert
horizontal walls of the vessel must be as thin as possibl
vertical aperture required for the beam, the gap between
by the vessel thickness.

(i1) The material used in the construction of th
and sufficiently non-conducting to avoid influencing t
effects.

(iii) Since a high level of radiation is
from materials which would remain structurall;
dose of at least 109 rads. (2),(3).

(iv) It should be possible to remov
(v)  The interior of the vacuun
experimental devices and it must be po

the vessels.

(vi) To avoid charge
electrostatic charge to ace

late o




8.2, Vacuum Vesgsel Desigzn

8.2.1. Choice of Material

The search for the most suitable mataerial
Vessele proceeded in parallel with the study of the mechanical design,
materials, such ag glass, ceramics ang stainless steel,
Properties but their use is prohibited by one or more of
material which most nearly fulfilled all the requirements
of the glass fibre reinforced resins ang many varieties of

for the construction of the Vacuup

Severa]
Possess excellent Vacuun
the above Tequirementg,
Was considered to be one
laminate were evaluat,

The

vacuum properties and irradiation resistance. The types of resin included wrmsowwomoa
Polyesters, melamine formaldehydes, silicones and epoxies. Other Properties sych mF
shrinkage on curing were weighed against ease of manufacture and €POXy resin wag ?
finally chosen.(4)

Although this material was not ideal in every respect it had the a
the vacuum vessel could be constructed by a matched metal moulding process to the
required engineering tolerances, while Tetaining acceptable vacuum Properties and
irradiation resistance. The reinforcing glass cloth was, in general, a 0.006 in plain
weave cloth with a general purpose silane finish but a heavier fabric was used as a
coring material on the thicker header vessels.

dvantage that

The resin system finally chosen consisted of a bisphenol 'At diglycidylether
cured with methyl 'Nadic!' anhydride. This formulation is stable at Troom temperatures
for periods of 12 to 15 weeks and even when suitably catalysed with a tertiary
aromatic amine, considerable stability is retained at room temperature while a
Treasonable cure takes place at higher temperatures. The catalyst chosen (5) was a
Proprietary material known as ww\ymmm (an aromatic amine salt) and this gave the best
oure consistant with the longest stability at room temperature to allow the vessels
to be handled for long periods during fabrication.

A satisfactory laminate may be obtained with this formulation after a cure time
of 2 hours at 150 C. It was found that irradiation resistance and mechanical strength
were only slightly affect-d by varying the catalyst. The considerations which
diotated the final choice of material have been recorded in greater detail elsewhers (6)

(1) (8).

Laboratory tests indicated that an ultimate flexural bending stress of
100,000 Hd\MSM was possible while under production conditions ultimate stresses of
40,000 to 50,000 1b/in2 would be achieved for large panels and joints.

8.2.2. Choioce of Design

Many designs were considered (9) in one or other of the following categories:

(1) Using the magnet as the walls of the vessel.

\\\ With this type of construction the Pole pieces are inside the vacuum Tegion and
the problem arose of finding an adhesive for the laminations in the pole mpwawm &
compatible with high vacuum. The scheme was rejected because of the possibility
long pump down times to reach the required operating pressure.

vessels.
These could be manufactured from:—

; B ite wes
Insul materials - a moulded ceramic section joined by uwduma gas
,wrulnwuwﬂuroowsmc of the large magnet aperture the construction was beyond the
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Fig. 8.2.2(i) Design of externally supported vessel.




capabilities of the ceramic ware manufacturers (in 1958

(b) Metal laminations bonded together with Emﬂ“_..m& ;

with adhesives which had suitable vacuum uu.owMM ies sl

this type of construction was not wmmpﬂm.nm. A mM.ﬁ o

have been developed in time.) eww.mwwwosmuow in k e o

of the metal and the bonding materials made the struc E.wb, e
failures, to short circuiting between adjacent metal lamina’ ot:

ent moulded in an insula
d be taken up

(c) Discontinuous metal reinforcem !
rejected because of the amount of space which woul

aperture.

(d) Metal framework clad with an insulating material - this wai
pecause it consumed several inches of magnet aperture.

(iii) Using externally supported vessels,
¥ £

The design of an externally supported vessel which perm. tt
thimer walled vessel seemed very promising and a prototype ves
manufactured. This design (Fig. 8.2.2(i)) was a single
glass fibre resin laminate, externally supported by ties to
main difficulty in structural design was the high stress ¢
where the supporting tie secured to the inserts in the lam
was the effect of the stainless steel inserts in the lamina
secured) on the magnetic field. The 6 ft prototype vessel wa
laminate chosen for its vacuum and mechanical properties and :
resistance. The pole face windings were secured to the ouf
it was intended to coat the inner surface of the vessel %
would serve to conduct away static charge and to screen
surface from the vacuum. The vessel extended beyo
a duct which enabled the vessel to be pumped from be:
the machine free for beam extraction. The loss of m:
face windings and the vessel was less than 2 in

=

This design was eventually rejected as it w
under irradiation would be inadequate (10),(11).

(iv) Using a double walled vessel,

A double walled vacuum vess
rejected because of the n.ﬁamumhﬁ
A complete design study consi 5
double walled type of cons
‘which is subjected :
mechanical




ngists of eight curved sections approximate].
et octants. Each section comprises an
ther at a common radius (Fig. SO

»bm the vacuum pumps, wh

1 is nominally 4 The back
‘the flanges, at the edge of the pole pieces, are 4 in thick,
d between the pole pieces and the magnet sector on the
C e piece jack shims on the back face. It is
to withstand atmospheric pressure.
front of the pole piece by a shim formed by a
y and by shims from the header vessel flange,
v beyond the magnet octant and is thickened up
‘on sliding faces by bolster uwmmmamuwmwawmms.mwuoogo

e8 move at each magnet pulse, the whole of the vessel in
on rubbing surfaces; the horizon

tal faces are supported by the
pieces and by the bolster plates., To prevent trapping the outer

The external

© piece and the magnet face when the magnet is pulsing,

8.2.4(1)) is stood off the magnet sector by four
holes in the outer vessel. These holes are sealed by a

.ch allows movement of the pole piece and the sector
el,

throughout the vessel due to atmospheric pressure is
tional stresses are introduced in the re~-entrant
installation, since the vessel tolerances are
insertion of the vessel in the throat of the magnet.
ce is 0.036 in top and bottom. When the pole pieces
 eliminated by distortion of the vessel and stresses
ated. When the outer vessel is opmsvonmwb
ress between 2,000 and 6, mom F\Fmoﬁeuﬁ%
] acent magnet sectors.
.nmgm. ;w.n_.qmﬁww,ﬂawmﬁgn the front horizontal surfaces.
seals (Fig. 8.2,4(ii)) and the vertical
nal seal, The pole face windings are
j | at the end of each octant
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i i ti i ide flat
£ the ordeT of £ in. The crowning shape consists of flat sides with & 10 in wi
o .
top (Fig 8.2.5(1)).
e design of the.-double walled chamber 18 that if

ximately the same pressure as the inner vessel,

One of the main features of th
The resin for the inner vessel

uter vessel is pumped to appro
1igible stresses on the inner vessel.
i i 4 radiation resis

uld therefore be selected chiefly for its vacuum an 3 : : : ;
mm%maﬁmm and also, the degradation of mechanical properties by HHHmmHméwod M.H.oa.awww y
as serious as they would be if the chamber were highly stressed. Stresses introdu )
X

during installation were approximately 2000 1b/in2.

the ©
there are neg

SR

A large pressure difference between the inner and outer vessels would cause

catastrophic failure of the inner vessel and the pumping systems H.ou.. each <ommmH.ummm
to be interlocked. In the event of failure of the interlocking devices, & bursting
disc collapses and equalises the pressure in the two vessels (section m.u.o.bv. 4

At the ends of the vessels the crowning is tapered off to meet the rigid end
flanges. Tapped inserts are secured to the back wall of the inner vessel for the
puture fixing of targets, etc. To conduct away the electrostatic charge, which would |
accumulate on the surface, and to minimise the resin area exposed to the vacuum Cpmst
reducing the effect of the outgassing of the resin), the inside surfaces are lined
with stainless steel f0il 0.002 in thick and 4 in wide. The foil is bonded to the
epoxy laminate, with small gaps between adjacent strips, and covers wwﬁ of the ]

laminate surface.

After the flange is manufactured, it is drilled and serrated metal inserts are 1|
bonded in position with an epoxy adhesive. The minimum pull out 1oad for these b
inserts is required to be 3 tons.

8.2.6. Header Vessel

—

The internal working pressure is required to be below Ho-m torr.

The header vessel completes the vacuum enclosure at the outer circumferential
MMMmMmemewaMM <mMmmH and <ma.wmm in thickness %H.oa .W in to 2 .Hs.mwouQ laminate.
. S ported from swinging brackets which give freedom in a tangential
direction to allow the vessel to expand (Pig. 8.2.3(1)). The supports for the vessel

are loaded by full atmospheric pressure acting on the whole surface of the vessel
eww.<moccs 1oads on the horizontal faces are taken by posts around the outer :
umwwwwmww of the vessel and by the swing bracket supports. Vacuum loads on the out
<m1womw face are transmitted through the horizontal faces of the vessel and taken oM
the swing brackets. At the outer periphery, the top and bottom horizontal surfa. 5
are prevented from closing together by posts approximately 22 in apart. The oog
ooBE”mmmwob load on each post is approximately 4000 1b. Five pumping ports ar
wudfnmn on the underside of each header vesselj; each port is bridged in two Mm.o
H.W.Hwﬁmmu.mp struts to prevent radial collapse of the vessel. The struts are K e
: inforced by a short, stainless steel, upper pump header with deep webs, which
orrespond to the integral struts in the header vessel to which they muosOHmEMo.m.

The maximum stress in the vessel is approximately 5000 1b \wum.

The outlet windows on the header vessel are alumini

: um in th and. ar

“w 3500 1b/in2. They are secured back to anchor bars awwow.m.mu.o gwmﬂuﬁ e
e top and bottom faces of the vessel.




i el) is 14
1. Inside the vessel, i

inserts have been bonded in mcwmmwwmﬁw
g experimental equipment. 6 in diameter holes fitteq S..ﬁ_m
at intervals in the top and bottom faces to give ac oNex
experimental equipment.

Cess fop

ing diaphragm (section 8.9), manufact

vessel and seals the immer and heade
es to and seals the outer vessel.

1 inaccuracies in manufacture o

i

ured from PVQ nitrile, 44

T Vessels. At the Same
The wpmwwdwu.wﬁw of this seal

f the curved vessel flanges.,

polythene closing plateg
he octants where Provision
onsiderable saving in cogt

on. ot necessary. This achieved a ¢
construction programme.

;agumﬂﬂmﬂwewos of the wor 1s because of the creep
of polythene. It was speci

ttempt to make the plates in high
ene., ‘thene plate is 54 £t % in thick and is made from
prC £t long, welded together.

the polythene plate is taken by a system of tie
(1)« Bach tie rod is secured to the polythene via a
The load applied to each insert is 245 1b while the actual
In the region of the pumping ports, seal clamp rings
lor tubes to seal the hole and support the polythene.
ene due to bending is approximately 220 1b/in2.

eeded during installation to achieve uniform load
' which causes the inserts to be displaced is
8 used in the design; nevertheless, creep at the

for stiffening which will take place in time
year. -

s
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8.3 Vessel Manufactur®

8.3.1 Summary of Method Used
i hs 8
The following paragrap
ountered in the manufacture o
in reference 12.

he method used and the difficulties

umarise t
The problems are more fully

f the vacuum vesgels.

TIERODS

gncour
gescribed

i i bricated from a

of convenience and economics each vessel was fa

S which were pasically units of one third of the length of a vessel

d of a side was produced by laying up glass oloth and

in on a curved @wm bed approximately 20 £t long and 5 £t ﬂEm. The u..umw<w&mww

Mwwm were about 14 in wide and were fitted with control of heating E.&.\ou cooling.

A limited length of the die bed could be covered by punches with similar heating mBm.\OH
cooling facilitiese. These punches were moved in steps along the bed as manufacture
owgmwmswbm

te proceeded Q‘wm..m.w.wﬁwvv.

For reaso

per of pieces, 2
Hmm (Fig. 8.3.1(i)). Bach thir

gnated with resin and allowed to soak for 24 hours.
die bed, alternate layers being placed
diagonally to give more uniform strength to the finished laminate (Fig. 8.3.1(iii)).
Additional resin was added during the process and, every few layers, the laminate

was rolled to force out air bubbles trapped between the cloths and to consolidate

the lay up. Pre-fabricated, semi—cured (or 'B' stage) packs, specially shaped to

form the main vacuum flange and dorsal shoulder were positioned on the outer and
imer circumferences of the die bed and retained by the boundary layers of glass
cloth (Fig. 8.3.1(iv)). For an outer vessel further cloths were added to the laminate
at one end of the die bed to increase the thickness to 1 in, the remainder of the
area consisting of 20 layers of 0,006 in cloth, Punches were then positioned and

a portion of the lay up cured by heating., To facilitate subsequent processes,
whenever the edge of a laminate was to be joined to another component by splicing
that edge of the punch and die was cooled 80 that the resin was not cured and 2
could in fact be washed out of the protruding cloths by solvents. This allowed

the fabricated sections to be stored indefinitely. %

The glass cloth was pre—impre
Lengths were then cut and laid along the

The next third of a side was manufactured similarly but with the thickened

portion at the opposite end of the die bed A col i
: . mplete vessel side (Fig. 8.3.
was then formed by laying these two opposite handed sections on oﬁo%mwmgmﬁw M_“A-N:

wwwmdwa. The mwodwznwzm cloths from the ends were re-impregnated with resin and

mwnmuwww,\whm.swg Mms cloths laid on the die bed to form the centre section of the
is portion cured by the same step by step moveme

temperature cycling as before. ! ] o e

Fig, 8.2.7(i) Closure plate tie rods.

e sWMHMH.wMSOszow sides had been produced they were spliced together on a special
ortican e .owmmu. smww msn.ﬂ the two end flanges were formed. Each side was clamped
tTuding owo“\mmwzwﬁ wwm rig with the larger circumference nearest the floor. The pro-
and spliced mcwwmw MWoeanMwmpmewowwchwmmoaamm:ou.ovaw_w re-impregnated with resin
addits 2 e 8y ig., 8.3.1(vi)) beginni a
thon, popnsieons o Torm o Lenin L 3/16 in thiok, Spesisnitiolt Sy
At the msa_moz@kn to press $.5 laminate to shape and raise the temperature to cure w.«o
e her tools, in the form of a "picture frame', were positioned so that
0.017 in gwmwmw“wmﬁmwo%wamsamw%wos .«Mm Sﬁrmwnmm could be formed with additional e
DPlat - : into a flange 2 in thick. The vessel was e
and M.HMS. Emuwoﬁwos and the many machined and drilled holes aouwrwwoﬂmmwm MM & u.ow.n
nges using accurately positioned jigs. the walls

v
[
[+
g
o
=
3
2
a

WINDOW
APERTURE

&=




ces which were requi

ired to form a vacuuy Sealing gyp
rough pumping ports, pole face winding

Hmom
and pole ps o2 Sugp
ed. All of these areas had to be smooth and wumwwmww ?.NEm
emishes., The surfaces were dressed by hang or u
ppropriate, to smooth the sur

by portay
¢ face to the correct Hﬁ.ow.ﬁm;
Xy varnish and rubbed dowm by hand with 'wet ang dry! .nmnaﬁ
arng

® produced in a similar manner on & different
in cross section and the walls were % in thick,

die beq. Thege
1 the high vacuum surface of the

The Covering
vessel was laid op t

Op of
O Press and cure the

2 before the punches were lowered t

quired a slightly different
in the strength of the lamin
yers on each side were .

of 0.017 in cloths, interspersed with 0

 resin drainage to the bottom of the laminate.

ate

on the moulding bed was fixed but the outer flange rail

1low the contour to be varied

lates to form the correct
between inner and outer flange rails,

ole moulding bed was moved on a wheeled trolley into a gas-
¢ schedule, The technique of splicing components to form
was similar in principle for the header vessels to that for

ides were machined to provide the apertures for the
1 vessels,

ates from the moulding tools wummoﬁ”m
Yy types of release agent were used 1o
a completely successful release.
ent 'Tygaflor' was used to cover each

TRANSVERSE SPLICES

DORSAL SPLICE
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Fig. 8.8. 1(v) View of a vessel side. Y
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yer network in the punches and dies, more heat w
tisfactory result.

the hea
with & s&

(iv) Whitening in the dorsal region of tool interse

This was caused by a relative movement of adjacent -
art of the curing cycle. This caused glass cloth and Tes:
wmwooa was visible as a whitened strip on the laminate. To Te
oouw used on the top and bottom of all laminate inter-sector 1
Mro oure, the punches were 1ifted 4 in and their temperature
two hours. In this way the shearing action on the laminate,
and dies were allowed to cool in the loaded position, was subs
crushing of the laminate minimised.

(v) Voids and resin richness on the vacuum flanges

This was caused by the difficulty of positioning a pack
cloth. The layers were cut from bulk supplies of cloth which gax
caused resin rich areas during lay-up. The fault was rectified
tape with selvedges which, as well as reducing resin richness a
pack, allowed the layers of overlapping cloth from ‘the main laminaf
formed more accurately. N

(vi) Dorsal pack location

Considerable difficulty was found in maintaining
during lay up, which led to resin drainage from the b
overcome by securing tapes to the pack and tying the loose
moulding bed and ensuring that positioning of overlapping
quickly as possible.

(vii) End flanges

Because of the length of time taken to shape
before the cure could be attempted, resin draina ,
cavitation. It was overcome in two ways - firs
the flange and compressing it to its final size, (
expelled air) and second, by adjusting th w%%m
ensure a shorter gel-time. Care was t co
during the subsequent cure, the Houw-m
E..g practice, the time scales for the for
With the introduction of thixotropic resi
to regain the longer pot-life of the 3

(b) Inner vessels “ml g

Many problems overcome du
to the inner vesse ; i




' on individual strips of foil a
trength by ensuring that an aci
e of the stainless steel, before
and was subsequently cured with 1t

fter lay-up,

5 a Primer was u
it became the

he side.

Tt was

splice had many .wmcu_.e
8 which, becau
remained unsolved. mosocmu“ it smwmmMMwaMwmemmcum of the

the dors .
al wall and replacing them by three wwwmﬂ owMer T
8y

in] .o,u, ,oo.?oms cured and wet end material

third of a side
N uwmwu produced, the protruding cloths from th
o were found to be either cured and quit i mmam
L gwﬂmemu uncure extending into the megmm e
> e wet ends were adequately cooled &mu..psmwwno

aused by the float
oure, the chan,
he laminate.

ing action of the plates laid on t

he top
MaBMMHMMHM._“Qo position between adjacent plates
e ed system of loading was devised and
o ut were clamped in position. The surface
e % ut a nearly step-free laminate was produced.

sction ab the Manufacturers' Works.

8.4, DaSEm————
4oLe Hﬁaaoacoﬁwos

Introductlion
Inspection of the vacuum vessels was carried out by two teams
turer's own staff (who carried out the bulk of the dimensic
ntrol during panufacture) and a resident U.K.A.E.A. te
and Progress Group, Risley. i

8

The overall inspection task was a formidable one because of the
checks which had to be carried out and the extreme stringency on Gl
and quality of material required. In addition, all the checks had &
and the records kept in such a manner that analysis of the check

wrong trends.

The supervisory staffs were involved in all aspects of manufa €
assistance was used on manufacturing processes such as the resetting &
tools to counter-act cooling and arc shrinkage on the finished 1: “_Emuw

8.4.2. Flexibility in Inspection

A part of a vessel was not automatically rejected b
Tolerances were specified so that, if all were held, the vess
dimensionally even if the errors were cumulative. Because of the
the tightness of the tolerances and the unique method of manuf
unconventional materials, it was necessary to train the st
which dimensions were interdependant. Only three factors were es

(a) The vessels should £it the machine and their mating pa:

(b) They should be made of the correct materials,
(c¢) They should have the required vacuum and stren
8.4.3. Process Control

In the majority of engineering jobs, process
the supervisory staff. After the initial pr 4
which were faulty for a variety of diffe
steps should be taken. First, sporadic errors :
by different people had to be eliminab €
team, and second, an examination of




te, a satisfactory balance was found betwe igs
sduction. e

ibed more fully in reference L4

ised the following stages:—

taff obtained samples of all batches of raw mater

acturers. The samples were sent to the Ruther
1 tests after being made up in

ial GGHOH—Q it

ford Labor,
to laminate ang cured. ey

als, on delivery at the factory,

were held in g Special gtopg
Only materials drawn

from this store were used

LES

checked by inspection staf
‘ormed. A sample of the mi
endent cross check.

: f and before it was released a
X was sent to the Rutherford

- oure proceeded, a sample laminate was laid up and cured from
x. The resulting sample was sent to the Rutherford Laboratory

for faults, flaws, and dimensional accuracy. (Sufficient
/ this inspection).

orrectness of assembly and dimensional accuracy

ds were stout steel structures built

> £t in plan view. The top surface n.vw the

d for clamping bolts and locating s

screw jacks. The laying up be

ick, 50 in long and 14 in wide.

inspection survey team. The

> i A.H—m.—@o m.#.WAHVVo H-H.—mev
d into the mﬁo% M.Woon.

length were fixed bj

a theodolite set up “w
ative to an acourate

VACUWM FLANGE
FACE




I/_..O...._v PLATE

'high degree of surety what was

As the Jaminate step

0.007 tm. s Hhe e step vas set &t 0.005 in.

maximum 1

of the die bed then became the Homwobm»dwwwm y
tion staff were Tes

tment. The manufacturer's inspec

wmwmwo”wb.wbm suitable records. The U.K.A.E.A. team oro.aﬂo

WQQWm on the tools. The flatness of the n.wwo bed was checke

Mbm the main datum points were checked periodically. All wﬂ., 1ciT

were treated in the same manner. o w_w

8.4.6. Checking of Lay-Up

The majority of checks during lay-up were the responsibilit
control team. They ensured, for example, that the correct numbe:
cloths were laid up, that the cloths did not overlap and were 1
the warp in the correct direction, and that the heating was SW
the right sequence and at the right time.

Setting

One particularly important aspect at this stage is 'bulk fa
resin which is forced out on closing the matched tools. This s
that the dies are completely f£illed and when it is pressed out
remaining air in the laminate. Too 1little excess bulk leaves a:
too much causes the cloths to move. A bulk factor of 10% was
means 0.012 in excess thickness on the 0.125 in outer vessel D
aluminium templates were cut to simulate the top tool but with
the space between the laminate surface and the template edge to
melinex skin, which is laid on the wet laminate to facilitate
in place during this dimensional check and enabled the gap to
about 0.002 in. Pressure was not applied to -the top tool (pt
closed to within 0.010 in. 3

8.4.7. Laminate Inspection i

The method of manufacture was to produce a pie
on., its surface, with selected edges left uncured (
pieces were spliced together and cured until a co
Each piece, therefore, needed to be checked,
after curing, before being married into the ,iv
out at the Rutherford Laboratory.

The final arbiters on whether a piece
member of the Laboratory scientific ste
the Laboratory Engineering Design sta.
In general, however, the visual
the U.K.A.E.A. resident inspec
Laboratory staff and by v:




.A.»u@@;#wasuaﬁgm855&5..
e Dolt holes. digs for the acourate drilling
of m.HH

~ The loft plate was constructed b, i
_ The 1o ; by setting up a steel struct s
@.kam_owwrmog steel joists each 20 ft long on which were socbﬂw.m Mmainly Congjg
il 5 in thick) which were ground flat on one side 4o f A%t byda t ag
in above floor level, This table top measured 6 oy ulableRd
individual plates 1 i e L o
e were levelled to lie in a flat plane to within 0 01 ma T
8 oo d from time to time and was so stable that by the S 0 dIhe
doomsm SMM_MmM“WWH¢:H¢E=eO.omo in. The loft plate was in such mosmsmoﬂwwmﬂos
bec o erect a i i e
o second full size one and a third one Emmmﬁ.wumpmo £
~ The surface was drill
i ed to accommodate dowelled drilli
mw.._wwﬁbmwm ,,uwuumm. the holes being located within o.oom .EH..EE
bt nw.«gowoﬁwmow w.« pgu.oun:w_m&m; its final position and from this th il i
. oles were fixed and drilled from the jig-bored mw.ﬁﬁm -
S e MMHMM was ewos.yoowﬁom accurately from these two holes m:asmwgsﬁmﬁw.
.mm.d R o o Yo The pitch of the dowel holes was a constant over th mdeasoS&.
.«M le A NMHMMMmMHHsEow meant successive use of the drilling ﬁmswwmd&w o
b AL oles in the template were fit i i o TR
i e fitted with kA
ke omﬁmuwﬁmﬂwonem the octant ooi.u.m with theodolite and Hs<Mw mew ,wwwmmﬁmnﬂ.a i
ags, ;wom,«»oﬂ owm..enw Mwmwwmﬂwywwmwwwerm .WMM%HmMMHSmHm fitted with ooomsmwwomwmwgm
; - on. J ee diff
or the drilling of about 250 holes in the Howewwwm.ﬁmw.« e e

& jigs and dial
ga
The octant centre smmcmww.ﬁ&

mwu.é”mswmwm Nm mwm.ﬁowﬁ the top panel and flange face at the correct
or ( ecking. The flange bolt hole drilling jig was fitted with

1y positioned locatin ;
dri1) ing. g faces and clamps to hold the flange square and firm

vessel. Aluminium plate i
%%wﬂhpm P. s 4 in thick were cut accurately to the internal profile

A.wdwnwgoo specified was 0.125 ¥ 0.010 in. On ten vessels

i MMMMQMMHM MWWMS and in 98% of cases the specification was

S i . o in and + 0,016 in and occurred consistently
s No action was taken to correct this because of its

: mm using press tools of approximately 14 in width

sel wers specified as not to exceed 0,007 im. 4
. of which only 12 were outside tolerancé and
_of thickness checks, one each side of 2 Aol
formed. This permitted a direct check on 2
lus step should equal second

/olved and, if a discrepancy
re re-taken and checked.

of

ack to the magnet by jacks, at the back of the throat, w:M .F&, #ed

the polepieces through the vacuum vessel out to the magne ,oou.u.. T

There are two bolts at the top and at the bottom mouu owow, m&b

1t holes per vessel were drilled on the loft plate. The npm.ngum,vow&m{

10 8 holes was 50 ft, the tolerance on each hole was 0.030 in and only two

meHWWonMb needed to be opened out on assembly, and these by only 0.010 in.
0

(iii) Chordal height on all vessels

clamped P
run from
the front.

i in vacuum flanges wai
The chordal height of the 54 £t arc length of the ma
m tely 5 £t 6 in. These chordal heights were used for checking the m,.m.
The tolerances specified were + 0.125 in, - 0.0625 in for the outer vess:

mgﬁow.ﬁuw
_ 0.060 in for the inner vessel and £ 0.030 in for the header vessel.

radius.
+ 0.187 in,
as subject to thermal stresses on final cooling of the
difficult to predict with accuracy and the re-se
en very expensive and time consuming. avn

the outer vessel could be straine
sels required this concession.

The outer vessel W
wall. The effect of this was
of tools to correct it would have be
tolerances were relaxed when it was found that
0.25 in without danger and four of the ten ves

A1l inner vessels as measured on the loft plate were within tolerance.

It was found to be impractical to produce header vessel flanges by moulding
methods to the extremely tight tolerances specified, Templates were bolted to the
header vessel on the loft plate and located by reference to the dowel holes, T
flange faces were then cut back to the template face, using a hand router
way the specification was met. Inner and header vessels proved to be indivi
interchangeable in every case examined.

8.4.9. Dimension Analysis

A further duty performed by the inspection staff, was the ana!
trends in order to correct tools before tolerances were exceeded.

An example of this occurred during the manufacture of the
The steps on the flat panels caused by adjacent tools were fo
increasing. A graph was drawn of all the steps on the too!
heat cycle, for three different positions across the too
tools were climbing above their neighbours at an average
that the middle of the tool was climbing more rapidly
re-layed with certain modifications to the assembl,

8.4.10. Repairs and Records

Scientific and engineering staff
ﬁwc.smbchmog.umu._m technical staff, de
<m~.woa according to the repair pos
laminate, Before any repair was ca
Presented to the U.K.A.E.A. in :



8.5. Mmbnwwumn Test Equipment and Installation

8.5.1. Transporting the Vessels

A special low level trangporter was construc
manufacturer's to the Rutherford Laboratory,
load conditions the vessel was arrange
of the curved shape low in the cen
Projecting vertically front and ba
dimensions of the vehicle when loa

ted to carry the vegs
a journey of 100 miles,
d to travel turned through moo
tre of the transporter ang the
ck of the transporter (Fig. 8.5 L) The

ded were 83 £t long, including traction unit, ang
12 £t high. This meant special ro .

uting and police escort in ~dstﬁ|:@_ areas, Eyep!
though some Journeys were made in i iti 11 the vesgels Were
delivered without mishap.

els frop the
To avoig wide
with the

erm<mmmmwimm m:vmowémmncstm:m:mwwsm operations by a frame made ag a welded
structure from rolled mild steel sections, formed to follow the curvature of the
vessel with crossg bracing to produce a platform for the vessel to Test on. Felt pads
were fitted to all frame members which would otherwise contact vessel surface.,
Collapsible wooden stiffening frames, tailored to the cross section of the vessel ang
upholstered to prevent damage, were inserted at ap

length ot the vessel, with wooden

spacers to hold the whole struc
Plates were fitted to the open fro

ture rigid. Cover
nt face and end flanges.

Brackets were fitted to the front and back sur
The front brackets aligned with bolts projecting from the centre of the front
stiffening frame member so that when the vessel and support frame were turned through
900 the weight was suspended from the back wall of the vessel and supported by the
frame. The brackets also acted as anchor points for a canvag strap which passed over
the vessel, clamping it tight to the metal frame. The support frame had detachable
structures which fitted to the outgide curvature to act as feet when the whole
assembly was turned through 90° so that the vessel and the frame could be arranged
as a free standing agsembly. All vacuum surfaces were protected by packing and drm
vessel was further protected by a clack valve to allow for barometric changes during
the journey and a silica gel container to restrict water absorbtion by the vessel
material. The whole assembly was then wrapped with PVC sheeting.

faces of the metal support frame.

8.5.2. Test Equipment

On arrival at the Rutherford Laboratory the vessels were unloaded in the test

bay. Four rigs were constructed, two for outer vessels (Fig. 8.5.2(i)) and two
which could take either inner vessels separately or inner vessels combined with %
header vessels. The test area was a 'clean' area and special clothing was worn by

all personnel. Cotton gloves, hats and overshoes were used when entering the
vessels at any time.

The first vessels to arrive wers outer vessels. All surfaces were wSmwmoﬁmmoﬂo
identify areas in need of actual or Possible repair. An obiique light was used =
sho ‘flaws and scores on vacuum Joint surfaces. The transport frame formed Pa

_of the test rig and the vessel and frame were lifted

¢ cn to the rig mewOHd.EmEMMHMm
ts rig the vessel was 6 £t above floor level to enable the underside

with leak hunting gas and repairs to be cacried out easily.

Mo o o

9 ning
't was removed with the exceptior of the internal sioieny
d systematically, beginning from centre of vesse mmﬂwc
ium frames to suprort the vessel walls against atmosp

8 -16

proximately 2 ft intervals along the

PUMPING UNIT

LEAK DETECTOR
REMOTE INDICATOR

OUTER VESSEL
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Fig. 8.5,2(ii) Outer vessel stiffening frame,
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pressure under 'pumped down' conditions.

The thickness of the vessel material, & in,

: i t to D
if the design stress figures were no d<
owwwwu.wumwnw as the machine components would have afforded ould
su
E&mmwn.w,uwm. : :
leak hunting impossible. A ;

The aluminium frames (Fig. 8.5.2(ii)) were in mmemq.owoﬂvmc.n
length of vessel and consisting of four Ews.coum. mnuwou.._ﬂbm ‘ow
walls of vessel with the fourth member bridging the gap be 100#
flanges of the front open face of the vessel to support the closi £
frame was used to jack the frames out to the H.ﬁ.owﬂro of dwo.4mmmw o T
Each individual frame was constructed in & grille mm.«.«ou.b awar.ow h
w\wm in wide by uw in deep. The w\Hm in face was in mouewaﬁ sﬂip. ‘
and masked only & small section of the surface area without ouowwﬁ-m
pressures which might damage the material. The span vm.naooa.w&m.o, t
was kept to 2% in maximum. Care was taken when jacking out individual
use setting gauges across flange fixing holes to prevent irregular
could cause steps along the vessel surfaces and create high stress po
edges of frame sets, when atmospheric pressure was applied. :

since most of the vessel surfaces would have been Eww

All frame sets were common except for the last two sets at eal
vessel. The intermediate end frame was different to allow for D
inside of the vessel surfaces (end pole tip triple vacuum seal b
frames were shorter as the vessel wall thickness was built up ;
surface. This section of the vessel projecte
capable of withstandin )
necessary to keep the outside top and bottom surfaces of the v
whole length of vessel, excluding about 3 in at each end, passe
throat in the method of assembly used.

Before any test equipment was inserted into the
were inspected and cleaned using dry lint — free cloth
around the 330 bolt holes through the vessel wall, we
plugs carrying seal rings were fitted. Each item of
been cleaned, degreased and packed in polythene bags

The front open face of the vessel was clc
one per frame set, butting together along the
with 4 in polythene closing plate contini ¥
The closing plate sealed on to an unceme:

'dovetail' groove formed by metal strips bolted

At some stages of
before install E2Es e




) By hoisting the top frame, the vessel Vas remgy
held suspended and could be set down at any suitabq ummww.os
1lon,

anged in coup),
s The span between the trollies owcmm wmﬁ.m
e vessel to sit on its frame on the trollies, as in the cag 2

allow the vessel to be suspended under g frame, as in ommM MM an

or testing inner vessels closely followed that used for the out;
- of the vessel, however, was much less than the outer ang only 3
ere used per set, jacked apart to the top and bottom surfaces,
different design and profiled to the 'crowned! shape of the
. out to the vessel shape, a further pad was Jacked off a frame
k wall of the vessel, the reaction being taken through the frame
3 fit into the crowned shape. These support frame members werg
oated in nylon for cleanliness and to protect the stainless steel
ssel. During early vacuum test runs, the nylon caused

ms.n_.nmﬁ.os due to out-gassing and it was removed and the frames

0 prevent damage to the vessel, the edges of the frames were
lythene tube. :

hich was constructed to withstand atmospheric pressure
ent points, did not require the continuous frame support.
ck was fitted to coincide with the position of external ties.

> to test a header vessel separately and they were matched to
vessel.

programme, some trouble was experienced on all vessels with leak
insert positions and around metal ferrules lining holes in
\ry in a number of cases to remove these to bond in new
> this while the vessel was pumped so that the resin
‘the material. The test equipment proved very
though some of these requirements were not
8 on the front face of the header vessels were e
hs and leaking inserts became so «H.ocdwomosc&wvc
that it was decided to remove all inserts on
cuum seal surface only. Cover plate
top and bottom outside surfaces wheTe
ormal to the lay of the cloth.

imensions wereé

sector nﬁo%wm%m resin shims
in the vessel
t yoke and th
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Fig. 8.5,2(v) View inside an outer vessel,
for packing purposes only).




INNER VESSEL

OUTER VESSEL

ROUGH PUMPING LINES

PNEUMATIC PUSH ROD

SUCTION PAD

Fig. 8.5.3(i) Inner vessel assembly rig

ctant. The vessel was lifted clear of the felt pads on the frame by the
tion of 1grifts'. Initially the drifts had a PTFE top surface to allow the

1 to travel over them smoothly, but this was later removed in favour of a

face due to the PTFE tape 'picking up'. The vessel was adjusted to the

+ feeding into the throat by means of jacking screws on the trestles
pushed in, supported on the drifts, until it had entered 2/3rds of the way

e throat. The clearance between the height of the back wall of the vessel and
+pe height of the magnet throat was increased by clamping the front flanges of the
vessel closer together than their designed position. This tbowed! the back wall
51ightly. It was not possible to do this near the ends of the vessel because of the
stiffening offect of the end flanges and the end pole tip blocks, and careful

agmsmwo:mw checks and visual inspection for 'resin flash' were carried out before

insertion.

sppropriate ©

Hﬁmmn.
el A
olished ST

wB.uwoﬁ peight fo

The first outer vessels were pushed into the throat by man powers two men, at
each of seven points equally spaced around the vessel, applied a load to a push rod
which moved the vessel in, a stage each time, to a preset locking pin. The push rod
was in contact with the back wall of the vessel and the load was spread on the
material by means of a large pad. Although this method was successful it was later
abandoned in favour of two pneumatically operated push rods which became available
after the inner vessel assembly rig was designed. This gave much finer control of
the process. After the vessel had been inserted to the correct depth into throat it
was aligned circumferentially by equipment designed to pull the vessel sideways by
attachments to the end flanges. The final position of the vessel was set as the best
nominal alignment of the vertical pole piece bolt holes, gauged from the datum faces
on the principle sectors (see section #.m.mV. When errors in curvature of the vessel
were discovered, pairs of pole tips were assembled into the throat to clamp the
vessel at the centre or the ends (depending on the direction of the mHH.ouv and slight
pressure was applied to the back wall of the vessel to move it on to the correct line
of curvature. Further clamping pole tips were then assembled.

3 To install the inner vessels the same trestles were used with additional
t;ou.sm&mdm ones. No frame was involved except that used to bring the inner vessel
into the magnet room in the 'suspended 1ift' condition. The vessel was then set
down on slide rails assembled across the tops of the trestles (Fig. 8.5.3(1)). The
maoﬁ:m@ top and bottom surfaces of the vessel were designed to give & vessel height
in excess of the gap between the pole tips in the throat. This was of such an order that
the interference fit of these two items would give the vessel walls a thrust on to

.Suw pole tip faces, sufficient to resist the deflection of the vessel under its own
Weight and under the pressure due to the vacuum in the outer vessel. The crowning

had, therefore, to be reduced in order to install the vessel in the throat,

o When the vessel was placed on the trestles, the cover plates were removed and
S mw Straps with a dimension slightly less than the designed span were bolted across
o<o ront flanges around the centre section. This reduced the height of the vessel
DH about 70% of its length. The ends, however, which are stiffened by the end
= ges, remained almost at their 'free state' dimension. Three pneumatically
55 rated, double acting jacks were inserted into the vessel at each end on the seot:
- Peak crowning. The jacks were spaced about 2 £t apart beginning 2 ft from the e
aombmwm the end jack was larger than the other two. Rubber sucker caps, conn 3o
e Mm small roughing vacuum pump, were fitted at the top and bottom of each "
o:o. were expanded pneumatically to 2 mechanical stop which gave suff X
i to the inside surface of the vessel to effect a vacuum seal and t
m»cxowm was evacuated. The jacks were then retracted pneumaticall;
oD, so pulling in the top and bottom surfaces of the vessel.



uwo?.@ubrﬁpepomwwq operated, one positioned about 1
- the vessel were arranged to push on the plate bolted acrog
the vessel, The cylinders of both push rods were connected to M NWMSMMo:«
d thi Hamw rods travelled in stages to mechanical stops. This B.H,m:moso:.wooina.
/ ds in phase by allowing for any lag occurring between the cylinder
control valve was interlocked with the sucker caps to ensure that
10 movement into the magnet throat if the vacuum was lost on any sucker
4 awzgn.ou_ﬁ.ou. the inner vessel was aligned to give the best nominal
o front flange relative to the outer vesse P

! 1 front flange and an equal gap b
ner outer flanges at the top, bottom and ends. When this had wmmsmmwﬁomwwwos
-

wiw.m. released from all suckers and the vessel was allowed to expand to the
Lp faces.

5 £t each gige of g

> wﬁw%u vessel was transported to the appropriate octant by the 'suspended
m and was lowered on to small trollies mounted on support fr
oal services trench., These were of a different construction
r and inner vessels because of the greater weight involved.
8, two of which, placed at approximately 15 ft from the cent
attached to long lead screws. The vessel was gradually fed into the
the trollies, by means of the lead sorews, until the inner and header
lange bolts were then fitted and tightened by a torque wrench,
the ocentre of the vessel and progressing out to the ends to gradually
iges in together. Top and bottom support brackets and tie rods were
~oareful shimming, to ensure the vessel was held in this position so
- of the vessel was kept off the matched flanges when the supports

ames spanning
to the frames
There were
re of the

mm.é\\l\%\m:\mwlh

g8.6.1 H:&Honcoﬁob
ol \\‘l\l‘l
d i um pumps was
umping speed of the high vacu
. dowwwmw Ammoﬁou 8.10.1). Based on the design s

hskage into the 8 otant would permit a leakage of 1,25 x 107

o, 5 punps PeY ©
octante

i ther than the vacuum
ts in the vacuum system, o ;
et omwwowmw individual leak rates for these :mﬂmpow“wwa .
to be of me onents, except straight section boxes, a tole S
ar m:ow.mwm_w The leak rate was to be mm.wmgpmrmn cmwumeem =
s mwwwwdﬂosm.«mw leak detectors in mw:mh.”wm Mu,m._..M_oaw.oo.nMud o
A cted to e
nents could be conne o
dwosmmsmwsmﬁmw Mwwwm octant leak rate would occur. It “Mm .quo..houo
Mwwwmomww of the permissible leak rate wou.wwW<Mmﬂwmw .«MM&M& i
i i 1 was indi ested |
. In practice each inner vesse =
Mww”mu.iﬁmme leakage and header vessels smMo..«mMMMn.«MwmdewU
t a less string bu
1. Outer vessels had to mee 2
M.MMMM to be delivered, the opportunity was dm_nwsw.«o ._MH.%HMI
leak rates. Experience proved that leak rates of 5 i
be attained.

Vessel leak rates were measured by pressure H.Hmkmwsceromn
long enough to eliminate the component due to ozdmwmmsﬁmo
hood an entire vessel so that leak rates could be Bmmmcw d
by comparison with a reference leak. it onw

rate tolerances. Since palladium barrier methods ¢
the use of solvents containing halogens was banne
became necessary because of heavy contamination wit
always given using an approved solvent nnnw, ag aceto
the case of the Homu..s\mHmmm laminates methyl:
cleaning solvent. &

From the beginning of the testing prog
the Rutherford Laboratory before the comi
testing had been carried out previ

Emws.«m»sonogu.amm«oa...._..nmammq&ww&
modifications, etc., . .
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with the test gas Partial DPresgyy,
)

LITRES|S
n
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p, = HIGH VACUUM SPACE PARTIAL PRESSUR
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P2 =BACKING SPACE PARTIAL PRESSURE
(TORR)

EAK RATE OF 10 TORR
w
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go}ouau. static leak detection equipment consisted of a 9 in oi1
ced by a 2 on pump and rotary pump with a Palladium

e two diffusion pumps. Other
but without the 9 in diffusion pump, were available for
units on the synchrotron for vessel and octant testing.

ctors could be used with any of the units.

2k

1 was the first to be tested. The vessel was known to be unfit
because it was outside tolerance on several dimensions. It
many areas of laminate of inferior quality but it was

to carry out the full test procedure in order to establish

to specify the quality of laminate necessary to achieve the
iy 55 @

ed. Several large leaks existed and were fairly
& long and tedious process of finding a large number
i parison with total throughput and often had
hing pump was in use at this stage and the
mass spectrometer leak detector, due to

3

.Enn:ww excess of 10~ torr “_.w._u.ow\ 8
n as the wu.ovavwwm. meMM o
(Pig. 8.6.2(i)), taped !
] A : The sheet g
cks were the:®
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the outer vessel alone, including the repaiTl ﬁ.BoV.

ledge of the appearance of leaking areas, substantially

months were spent on
vessels could be completed in two

ce and & growing know

Amm<wﬂm.u.
ded for testing until finally,

Experien d
Hmmcom@ the time nee

weeksS

—4

the pressure in the vessel was reduced to less than 10 torr, waw :
mm&moﬂ%mw ow:ﬁmzcma using a2 helium mass mwmogosm.nmﬁ connected ._‘A.V dw.m backing Hwﬂm of
one of vhe 24 1 vacuum units. Sensitivity checks were ammm wmuwmmwowﬁq by wﬂm.gm
a calibrated reference leak attached to the vessel. Probing oom_.nwscma by m_ua.oc. ing
areas as pefore and, as the vessel pressure was reduced by mwmuwumluwam.w.m“ H.,.M became
more difficult to locate the remaining Jeaks. For leaks of 5 x 10 ,«oum. litres/s or
less, the time constants were liable to increase as small porous areas with long
Hmmxwmdwmsgm located. The test results are summarised in Table 8.6.2(I).

r of drilled holes in the vessel

f resin in an attempt to seal the

t by the drill. Despite this treatment, many leaks
t sealing was repeated, there was no guarantee
of success. Subsequently it was discovered that damage could occur when the bolts
were fitted. The resin coating was therefore replaced by thin walled brass ferrules
bonded in position. This has .eliminated this type of fault almost entirely.

PLUGS SEALING HOLE
FOR POLE TIP SUSPORT

ANTI - STATIC

RUBBER SHEET
OUTER VESSEL

PROBE GAS
SUPPLY TUBE

eakage was the large numbe

A major source of 1
ted with a thin film o

flanges. These had been coa
ends of any hollow glass fibres cu
were found and, even if the process O

Leakage was also troublesome in the region of whitened areas or white lines,
usually where sections of the vessel had been spliced or where the laminate was
gtarved of resin. A repair technique was evolved to overcome this problem Ammm

section 8.7.).

A routine examination technique soon became established for the production

vessels. The vessel was flexed to simulate the probable operating conditions in the
machine by cycling the absolute pressures several times between 760 and 1 torr. The
H_ocmﬁ:m pump then pumped the vessel down to 10—2 torr, at which pressure the k
roughing pump was isolated and the 24 in vacuum units were used to reduce the pressure
further. Leaks in the range of pressures covered by the roughing pump were located
by the Pirani/hydrogen technique and the mass spectrometer was used with the 245 n* s
Mwsum as @wmou.ﬂcmn above. The drill of locating and sealing leaks oosﬁm._aﬁmm until -
eww isolation pressure rise indicated a leak rate of less than 2 x 10™¢ torr litres/s.
omHaMMWmmH&smw then wmow.mam.w from .,Em pumping system and the permanent repairs were :
e cmmaom on the Hmmwu.sm areas with the vessel under vacuum. This allowed the Te
s ,Suou the Tepair, to flow along the leak path and adequately seal the le ak at
HmmHam.sma, en the repairs were complete, the test sequence was repeated until a )
. e permanently repaired. The vessel was considered acceptable if e

icated leak rate was less than 5 x 10-3 torr H.H._N.mm\m. 2

Fig, 8.6,.2(i) An area of vessel shrouded for test,

= mvsu.,wnm Suw last phase of assembly on the test rig, the roughir
4 in pumping units were checked for operational sequence and

POLY THENE
CLOSING PLATE




TABLE 8.6.2(I)

Outer Vessel Proof Tests

Final Leak Rate Installed in
ﬁ_.olu torr litre/s) Octant Number

= =
PUIS W o0 Buniw
o . R et w

HWMNDHEHPDODHND S
o
H O O\NO N ONO\ O H

essel installation test

tallation of the outer vessels in the machine, the standards of
ained and all the vacuum faces and joint rings were inspected
& number of occasions, damage occurred which necessitated a
the vessel as described in €,7. These repairs were vacuum
'top hat' (Fig. 8.6,2(ii))on the inside face of the vessel.
rough wo repair was ascertuined by the isolation pressure rise method,
] torr litres /s/ft* surface area.

on of the pole tips, pole face windings, roughing pumps and
omplete, the main polythene blank was again fitted and the
the permanent roughing pumps. Leak detection was
hydrogen method until the leak rate of the system was
- Before this leakage rate could be considered |
bes were pressurised to 80 1b/in2 before and duriné
ssure rise. If no additional leakage occurred the
500 seals are introduced by the installation of
h octant and these, together with the o
or the higher leak rates compared with b
A s

: as the outer vessels when ﬁWMM
ed inserts in the main and end <mmw i
 of installation and after ¥ a1l
se inserts .quou.ovwwoaMM@:mo 3
2 g. 8.6.2(ii1)) ™
G&.& circular




of the vessel. If an insert with an indi

torT 1itres/s was found, an attempt was made %0
could not be located it :mm.mmmsaon that o.qum R
onerally implied that the insert was badly located a
m.sm replace the insert. Spad

rate

On the first inner vessel tests it was found that
used to seal off the main flange was permeable 1
additional leakage into the system of 1.5 x 107>t
caused difficulty for some time before it was fi.
vessel flanges gave reactions after some 20 min,
considerable effort went into ensuring that the
Jeak tight before eventually the polythene was sus

An aluminium blank of similar dimensions was s
4o be proof tested to a leak rate of less than 5 x 1

TABLE 8.6.2(II)

Inner Vessel Proof Tests

Final Leak Rate
Apol\* torr litre/s,

O\Ww =B W -
MDWUISIDUVTWWw S

=

Header Vessel Tests




TABLE 8.6.2(III)

Header Vessel Proof Tests

}
[Aog Number Final Leak Rate * Installeq in
of Leaks (1073 torr litre/s) Octant Numbey
| 96 30 (approx) Returned fop
wmoﬁw:omﬁg.
97 3.5 ** 3
2 1.1 6
si 1 4 1.1 4
i 5 0.66 5

* Leak rate includes associated inner vessel leakage.

** Purther repairs were carried out after installation in
octant 3,

t_Section Box Proof Tests

1 straight section boxes were retested when they were received although they
Y ed at the manufacturers. Of the seven boxes tested, all had leaks
from 6 to 160 times tolerance. Vacuum testing was carried out using a 12 in
unit fitted to one vertical face of the box, with a separate roughing pump
necting pipe. The prefabrication of the box conformed to normal vacuum practice
rnal welds intermittent, and internal welds ‘continuous, but for magnetic
ach wall consisted of two mild steel plates separated by fibre glass
With the box evacuated, leak detection was carried out by probing the
1 the intermittent external welds. Having determined the leaking area
1y, the box was returned to atmospheric pressure. The inner weld leak was
/ pumping the gap between the intermittent external weld and probing the

weld. All leak rates were indicated by isolation pressure rise and
leak rate was 1 x 104 torr litres/s.

TABLE 8.6.3(T

t Section Box Proof Tests

Final Leak Rate
(10-5 torr litre/s)

15
42 *
6.2

SWING BRACKET
STRAGHT SECTION

OUTER VESSEL
SUPPORTS

TIE RODS



g.6.4 Qotznt Testing

testing, inner vessel was then moved adjacent to its final position

J4a““
_
“
The inner and outer surfaces were cleaned and the vessel was {
After installation all vacuum faces were inspected and faults {
fitting the main vacuum seals. The closure plate or header vessel
the main vacuum units and pump manifolds were permanently

fied before
items and roughing pipework was installed, the octant

£itted in position,
when ancillary
r for vacuum test.

recti
was then
attached ands

was handed ove

24 OIL DIFFUSION
PUMP UNIT WITH

MANIFOLD
LOCAL CONTROL CONSOLE
>
Hx
ot
®
H
hited
H
o
o
2

ALUMINIUM PUMPING

The octant was pumped down using the permanent pumping system and leak detection
was carried out using a mass spectrometer comected to the backing line of one of
the main units.
1s have been fitted to all octants, with four header vessels

8.6.4(i)) and four polythene closing plates (Fig. 8.6.4(ii)). To date, one
fitted with a closing plate has had a full vacuum test and a leak rate of about

10-3 torr wwawm\m was measured. The required machine operating presgure owHOImﬁouu

was achieved in 15 hours and after 60 hours the pressure was 4 X HOI.N torr
(Fig. 8.6.4(iii)). Three other octants, which are not yet fully tested and have
repairs still to be carried out, have indicated leak rates of less than 5 X 10-3 torr
HW&Hmm\m. A group of four octants recently coupled together by their associated

was estimated to have a total leak rate of about 10-2 torr

wﬁumwmwammOAHouwo%mm .
litre/s. The tests were carried out before diagnostic equipment was fitted eomb%ow

the octants.

Tnner vesse

(Fig.
octant

component before installation paid handsome

o complicated, had so many seals and in some cases
was so inaccessible-after installation that tests would have been long drawn out,

if in fact they were possible. This was particularly true of the outer and inner
vessels the main surfaces of which are almost completely enclosed and the work
entailed in removing an outer vessel for a major repair could have added three months

to the Nimrod programme.

The policy of pre-testing each
dividends. The vacuum system was S

8.6.5. Leak Detectors

The programme of testing was frequently held up because of failure of the mass
mvmm&aoswamw leak detectors. Three types were in use, two of each type being
available., Of these, one was never successfully used except in a permanent position

where smaller components were brought for testing.

Fig. 8.6,4(ii) An installed closure plate (octant 4),

The second type could be moved around to a certain extent but this involved a
loss of sensitivity by a factor of at least 10. These instruments were also subject
to excessive background noise on their most gsensitive ranges when connected to the
larger systems, so that small leaks could not be detected. :

s ‘ewm %wwua type of mass spectrometer gave excellent service in comparison. It
«mﬁmH:mn its sensitivity after being moved and was, therefore, the only instrument
0 be used for the final stages of vessel and octant testing.
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ﬂx loped to allow repairs to be carried oyt
itial fabrication to repair obvious

re leaks. The materials used for repair hag or
vessel material (see section 8.1.) except in wm“wmwwém the
Y. Resin systems which complied with the Tequirep o

nd mechanical properties had also to: ents fop

on ¢
mechanica] mmeowM Voun
’

factorily at a temperature below the heat distorty
material, on temperatyy,

1 contraction on curing,

to avoid U.B._Uuomcou..sm areas i
round the repair, and e

surfaces.

, ble materials showed that a modified bisphenol A type resin
] id aromatic hardener was the most satisfactory, This system

urs at room temperature (20°C) followed by 16 hours at 600C
istortion temperature of the parent Sm&mwwmww.

iums for vacuum sealing faces were also investigated.
that the desired quality of finish could be obtained
tools. This proved impracticable for a number of reasons;
reases in release films, such as PTFE tape and damage
porting the vessels. The surfacing material must have
ent laminate; in particular, it must cold cure and
L expansion close to that of the parent material, to
g surface during operation.

. and solvent free formulations were considered. The
LV Tee proprietory material X83/44. It was whitened
identified. Later a formulation known as TSW 120
soratory, which contained silica flour and also
‘u..ounu.oﬂ.ov. This formulation was very
eased the problem of application e
surfaces were dressed and polished to
paper.

ified into the following types:-

area was .McOMmmmH% . Tho feulty
ood chisel and a spatula.
- (Pig. 8.7(iii) and

the finished repair-
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Fig. 8.7(iii) A cut out repair area showing the half inch steps
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Fig. 8.7(iv) Typical repair profile

NOT TO SCALE

Fig. 8.7.(vi) A completed repair.



ritted into the cut back area and tailored to size. Bach layer was

in ¢ 5 ;
repalrt Mwmoowmouwmm&m the repair and remove excess Iesim. This procedure was
rolled until the area was built up to the level of the surrounding laminate. An

nm@w@«mmmw ckin larger than the repair was then added (Fig.8.7(v)) and was removed
Bdd iy Awwm.m.qA<wvv. This gave an even finish and prevented drainage during

ur in,
mwanzMH:m WHOOmmcﬂm. Temperature controlled electric blankets were used in curing
the

the repairs.

m_ﬂrc%omo Viey (11) Voids in laminate.
8.7 (vi :
n%rm acts A " When no other fault was evident, voids were filled with the approved resin
wnn.w_za e using a hypodermic needle or a grease gun.

(iii) Leakage round drilled holes due to hollow fibres.

Apart from flange bolt holes, where leaks were eliminated by fitting brass
e sleeves (see section 8.6.2), there were many larger diameter drilled or machined

holes in the laminate where sleeves could not be used. Many of these holes were
agsociated with vacuum seal surfaces and by using the surface coating material,
thinned with 10% solvent, the leaks were dealt with satisfactorily.

Fig. 8,7(vii) Accidental damage to an outer vessel, To date about 130 repairs involving type (i) procedure have been carried out.
Details are being published (15). A typical example of accidental damage is
i1lustrated in Fig.8.7(vii) and Fig.8.7(viii). A pole face winding securing bolt
was incorrectly placed between two pole tips (removed from the photograph for
clarity). The rectangular head, with its long side at right angles, instead of
parallel, to the pole tips was driven through the outer vessel laminate in the
narrow gap between adjacent magnet sectors. It proved possible to glide a thin
backing plate between the vessel and the sectors and a satisfactory repair was made
without removing the vessel. This was extremely useful since the installation of
pole tips in this octant was almost completed and to remove and replace the vessel
with its 350 seals and 84 pole tips, positioned to an accuracy of a few thousandths
HEAD OF POLE of an inch would have lost a great deal of time.

FACE WINDING
SECURING BOLT

Fig. 8. 7(viii) An enlarged view of the damage.
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in Vacuum Seals

8.9 Ma
8.9.1 Choice of Materials
et £ s . 2 .ﬂﬁm EﬁﬂmHW
e considerations in owoowwmum ateri .
The uuwdowvww% and irradiation mdmdwwwe%. ocﬁm.wmmm..mm m.nw
were ocﬁmmmmwswm is usual for vacuum seals since the vacuum Ve

lerances than metal fabrications and larger are
d to the vacuum.

ture of rubber formulations, msﬁv

H.Em doﬁ._“wwu..mmsww“wmswoﬁm only be obtained by mnmsps.p_.”m,
Hmwmewﬁ.m £ mmmcu.msmsﬁm were therefore carried out on shee m.n -
o:dmwmmumm Bwowposwzm polymers were studied — u...moo%mbm.em. bu 1, :
thick. .MM butadiene styrene, silicone, m.«E.n_.wﬁm propylene gnu:
mnumswdu.up.em.mum shown in m_wm.m.w.iu..v. The silicone bou.uému.“mr we:
B £ their high gaseous permeability and Hmoou.*mum.«o PO ,%E.c.mb
,omamcmmao atisfactory. The stability of this Em._umu..u..mw under irr
4 w and the results are shown in Fig.8.9.1(ii). The mate:
mmeowswsm roperties at integrated doses of 108 rad. .moso<wu.. ;
MmeMwHMvwmoiomzm to manufacture the seals waow.wwu..wzﬁﬂ.”w”wﬂo%
method of fabrication was a mmmﬁwsm technique. it Hd. T
i i i tory joints between the cast sec Homnm..
ﬂnwmwowwmt_dm Mwwwwwwcd% Wewsnmum rubber wwoommw.ﬂsm techniques,
examined but did not have the required properties.

The material finally chosen was a wowuéww B“._.NQ..ﬁd HBoss_ mm.«m.
had the desired vacuum properties combined with mmﬁwmwmgoaﬁ, L
irradiation (Fig.8.9.1(iii)) and could be processed by normal :
techniques. ; i

8.9.2. Manufacturing Processes

The first manufacturing procedure considered was

extrusion techniques indicated however, that the pol
satisfactory surface finish when produced by this m
to mould the vacuum seal in 4 ft lengths and join t
sections. Preliminary mouldings suffered from sev
liberation of hydrochloric acid in the mouldi
finish. A1l the tools used in the operation w
effect. Changes were made in the plasticise:

Quaelity was produced. These changes di
Characteristics or the stability of the ]




> was finally evolved and produced mnﬁmwwoaouv.
' of the moulded sections were carefully cut at 9go
uncured polymer in 50-50 acetone/tetrahydrafuray
the solvent to evaporate before being Emo.
at 1,000 1b/in? for 8 min. The joint was they o
et and dry' emery paper and water to give a
6. BExperiments showed that the double cur

m ..o ially affect the properties of the finished uwow_“oﬂwo

Jointg

a tensile strength of 1900 1b/in°, an elongation at bre
60° Shore and a compression set of :ﬁ. Table m.w.wﬁHv
ies change with irradiation dose.

ak of

TABLE 8.9.3(I

Tensile strength Elongation

(1v/in°) (%)

1900 456
1900 107
3240 30
7856 75

S,
(0]

BUTADIENE
ACRONITRILE

shows the effect on compression set of various cure times since,
the seal will have a cure time of 16 min at 150°C in some

6'

TABLE 8.9.3(IT)

Recovery after mm* compression
for 24 hours at 80°C (%)

OUTGASSING RATE (torr litres /s em?)

90
89.2
87.0

e

5% compression

e




1 1
107 108
DOSE (rad)

Fig. 8.9.1(ii) Stability of polyurethane rubber under irradiation.
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Experiments have also been carried out
material with the laminate of the vessels and
used. The tests were done under 25% compress
jnteraction takes place between the vacuum seal
materials employed. Similar experiments W: th &
that no migration of the plasticiser or
these conditions.

8.9.4. Conclusions

The vacuum seals have now been manufactur
satisfactory in operation. One feature which has
of the material to creep during storage, sufficient:
the dimensional tolerances after a relatively shor:
to ensure that no stresses are introduced during s




8.10. gm”.:\_m MRm.«mB

2 LA
€
2 =~
8.10.1, Introduction m 2 g m W W
01 a a w 0
e R
The theoretical considerations leading to the final choice of the main Pumpiy, <3 = m mmw 3 < o
units for the vacuum vessels have been discussed in reference 4. g wm © e i 9 = M
nZ 3G 2 o o > z
Each of the 40 pumping units (Fig.8.10.1(1)) was specified to have a speed of O R o w
at least 5000 Hu..eu.mm\m for most of its pressure range, giving a total speed of Wm_ od rAuM m_ m () m
200,000 litres/s. However, at the machine operating pressure, 10~ torr, the 98 T OS5, > &
minimum overall speed of the system is only 100,000 E&Hom\m which i

8 equivalent 4,
about 100,000
ch litre of

a throughput of 0.1 torr litre/s. The vacuum torus has a volume of
litres and a general rule calling for 1 Hu..ﬁ.m\m pumping speed for ea
volume is therefore satisfied at the operating pressure.

Only 1% of the internal surface area of the inner
resin laminate, not coated by stainless steel.
hours pumping most epoxy laminates had outgassin,

and header vessels is €poxy
Early work indicated that after 24

-

g rates of the order of 10~6 tory 2

litres/s cm2 compared with 10~9 torr litres/s cm2 for stainless steel. Calculations Mo

assuming that eight header vessels would be used gave the following results: g

a.

TABLE 8.10.1(I m

a

‘ Material Total Surface Area |24 Hour Outgassing Rate| Total Outgassing .m

||\_ (em?) (torr litres/s cm?) (torr litre/s) )

Lol

6 -9 6 = M

tainless Steel 6.4 x 10 10 p A0 3 .

poxy resin 6.4 x 104 10~ 6.4 x Sum -

Total 7.0 x 10 5

<

-3 b

This total outgassing figure represents <o& of the available throughput at 10 o

torr. An allowance of 10% was arbitrarily made for leaks, leaving a 20% excess for =)

future degradation. The final choice of epo Howu..b showed a much better Hﬁfmu =

outgassing rate (almgst 4 x 10~( torr .:du..wmuN cm“ after 24 hours) but a slightly s

higher rate (2 x 10~° torr litres/s cm?) after an irradiation dose of 109 rad.After z
this dose the mechanical properties of the laminate also became suspect so that the ] i
increase in pump down time would be a secondary consideration. 8 & A

€5

8.10.2. High Vacuum Pumps

Bach pumping unit :mv consists of a 24 in bore sliding mmﬁm.ﬁw?m, a
refrigerated chevron baffle, and a 24 in bore H.Hmod.wosm.ww:m oil awww:mwos,mcsv -
backed by a vapour booster pump and a rotary pump of 150 litres/min omvmoumwmo o
gate valve is rigidly fixed to the header vessel by a two part header Fig. d Bmuc - : ,
the part nearest the magnet being made of stainless mdmmw.mn@ the lower wmmmm = L
mild steel. Because of this rigid fixing, the pumping unit must be suppor .

A uw (7}
s This @ b4
s ture variations. W ol
t is free to move with the header vessel under &msm.vwwm : 5 o 5 o

wawawu.o<on by suspending the gate valve on four short wire ropes wH..oB owﬂim/\wwcﬂ & = 28 5
fixed to the magnet sectors and by supporting the frame of the pumping Eﬁ,u oEmmsm M m = z 3 mm
~ steel balls. The load on the steel balls can be adjusted to be a minimum by e < € 6 = m_m

jacks which react with the outer part of a frame which wm.omuwwmm uw wom.wu.nu..w:m w © .m._ mm w
Dhis carriasge moves on rails fitted to the edges of the services trench en W M 2s mwm Mm
: < ) =

et 33 32 5%
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SAFETY DEVICE

The backing system, employing a small rotary pump, was specially chosen to

.pimise the total weight of the pumping unit and to reduce substantially the
wwuam&wos which would have been caused by a large rotary pump with no vapour booster
pump

The sliding gate valves can withstand a pressure differential of one atmosphere
acTosSs the seat in either direction and are self sustaining in the closed position.
This allows the valve to serve a msm« role. The pumping unit may be isolated from
the vacuul chamber and remain operating while the chamber is let up to atmospheric
pressure and, alternatively, a faulty unit may be isolated from the system and
mcdmmpﬁmSaH% removed and replaced. Services to the unit, such as water and
compressed air, are provided with self sealing couplings and the jacks and wheeled
carriages are used to free the unit from the gate valve and to move it to one side,
where it can be hoisted from the services trench by crane.

The rates of opening and closing of the gate valve can be separately adjusted
at the hydraulic damping cylinder so that fast closing Awmmm than 10 mv and slow
opening can be achieved. In order to limit the gas load on the pumping cuwﬁmlm
during initial pumping of the vacuum chamber from the roughing pressure of 10 torr,
the rate of opening of the valve was set such that the conductance of the aperture
did not exceed 500 Hwﬁﬂmm\m in the first minute, the valve taking about 30 min to
open fully. In this way it was estimated that the maximum throughput of each unit
(about 5 torr HW&Hmm\mv would never be exceeded.

The four stage oil diffusion pump has an integral guard ring which gives a low
backstreaming rate of about 5 m m\swz cm?. This is further reduced by the chevron
baffle which is cooled to —-25°C. No measurement of the overall backstreaming rate
has been attempted so far.

Bach pumping unit is provided with a separate control console which houses the
local operating controls and the power units for all the subsidiary items of
pressure measurement and switching. The unit must be able to be controlled either
locally or from the control room. The control system is therefore automatic and
is arranged to follow a predetermined sequence of operations to avoid mal-operation.
It is designed to 'fail-safe' wherever possible., A fuller desoription of the
control system is given in section 9.2 and reference 16.

i

8.10.3. Roughing Pumps //I

BEarly thoughts on the rough pumping system centred on a scheme for a single
walled vacuum vessel and employed only a single set of pumps. The pressure was
required to be about 10—2 torr so that a small rotary pump could be used to meet
the mechanical requirements of small vibration and weight in the high vacuum units
when suspended from the header vessels. To achieve this pressure the use of
mechanical booster pumps was necessary. These pumps were to be sited in the
concrete monolith cavities and would therefore have pumping lines longer than 25 ft.

Based on the information available at that time, it was estimated that one
100 litres/s pump, situated at each straight section, would be sufficient to enable
the required pressure to be maintained. The final choice fell on a Rootes type G
pump, backed by a 15 litre/s rotary piston pump (Pig.8.10.3(1)).

.H: order to limit oil contamination from the roughing pumps, & special
refrigerated trap was designed (Fig.8.10.3(11)). This operates at ~-500C and s«

E
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mmmdmowmaummswnm,cmwmpmmsn stops the film of o0il creeping along
roughing line. % 8 the surfac, of the

When the design of the vessels and pole tips was finalised, a Te-assesg;
the rough pumping requirements was made. The pole tip laminations had man e
perforations exposing a larger area of the epoxy resin used for bonding dww
laminations. The pumping aperture circumferentially round an outer vessel w
limited and pumping could only be allowed from the ends of each octant, wmmmm
mind the early difficulties in testing the prototype outer vessel, it was awww:m =
that a reasonable pump down time could not be expected if the outer el
were pumped together to a pressure of 10~2 torr,

230 CFM ROOTS PUMP

and inner Vesselg

REFRIGERATED
OIL TRAP

It was therefore decided to provide additional pumping units which would
oontinually evacuate the outer vessels, No advantage could be seen in achieving g
Pressure lower than 1 torr since this was adequate for the mechanical wwodmodwom of
the inner vessel and inter-vessel leaks would not be substantially reduced by a
lover outer vessel pressure. A rotating varne type pump (60 litres/s) was provided at
each end of each outer vessel, These pumps were fitted with refrigerated traps similar
to those on the inner vessel roughing pumps,

. . ‘. “

uﬁm.m.wo.w?ﬁ.v shows the rough pumping pipe line layout indicating the valves
and pressure switches provided. All roughing and equalising valves are solenoid
controlled, pneumaiically operated, 4 in nominal bore, quarter swing valves and the
air admittance valve is 1 in, magnetic. Provision has been made for connecting the
alr admittance valves to a dry air supply AIAooo dew point) fed from a ring main,

Baoh pump has associated with it a capsule pressure switch, set at a relatively
high pressure (15 eouuv which simply ensures that the pump is working before the
roughing valve oan be opened. This pressure switch is then bypassed electrically.
Bach pump can be started locally from its own control panel but valves are only
operated from a central marshalling kiosk in the magnet room.

8.10.4. Interlocks and Safety Devices

e When the vessels are being pumped down, it is imperative that the separate
pumping arrangements for outer and inner vessels are interconnected so that no
pressure difference sufficient to cause damage to the inner vessel arises between
the vessels. A speoilally developed thermistor type pressure switoh an
(Fig. 8,10.4(1)) has been fitted and interlocked so that the equalising valves
remain open so long as any switch indiocates a pressure greater than 1 torr, When
this pressure is achieved the equalising valve closes automatically and the inner
vessel oan be pumped to 107 torr by its mechaniocal booster pumps.

Fig. 8.10, 3}i) Inner vessel roughing pump,

Further pressure switohes of the thermistor type then operate to complete Em
interlook cirouit whioh allows the high vacuum valves on the main pumping ::Sm» 0
be opened, provided that the inner roughing valves have closed. This mm@mmmyom 8
assured by the use of a rotary switch to select 'Off', 'Rough Vacuum' or 'Hig N
Vaouun', all ootants being ocontrolled simultaneously from a marshalling kiosk in

the Magnet room.

The thermistor switohes were duplicated by providing switches performing the
unction at each end of an octant and these, and other ws.nm.dwoe,nm were
uﬁome.on in series chains so that every octant required to be in the same vu.mmmﬂw.m
M&#&d before the next stage of pump down could begin. It was thought advisable

arrange for all ootants to operate together to safeguard the vacuum vessel,

BYPASS VALVE

MAGNETIC
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THERMISTOR SWITCH

cially since the inner vessel, with the straight sections, form a continuous
espe

yacuum torus.

it i i t automatically opened,
the '0ff' position, air admittance valves are no ;
i HHMSmHmHmwsm of the solenoids being controlled by a key operated switch. eHﬁ the
wmmww Vacuum' position, each high vacuum valve is opened from the pumping unit,

local control console.

If failure of the electricity supply occurs, all equipment 'fails safe' MVWMM
yvacuum valves, roughing valves and air admittance valves close Aou. stay cwmwo =
equalising valves open. Each roughing pump umm a vent valve which opens aiter
electrical delay, to allow time for the roughing valves to close.

As a further, safeguard for the inner vacuum vessel, a mechanical safety device
was developed. 18) This consists essentially of a copper nwmbwu..mms which can be
ruptured by a spring loaded knife (Fig.8.10.4(11)). The knife is released by a
trigger which is actuated by movement of a bellows when mﬁduwoamm to high pressure
difference between the inner and outer vessels. The device is calibrated to
operate when the pressure in the outer vessel exceeds that in the inner by 6 ,«n.vHH
and, in the reverse sense, when the pressure in the inner vessel exceeds that in
the outer by 30 torr.

Two such devices are provided on each octant. They can be isolated from the
octant only by unlocking manually operated valves. This will only occur on one
device in an octant at any one time and then only for the purpose of replacing the
copper diaphragm or so that a replacement device can be fitted while maintainance
or recalibration is carried out.

During commissioning of the vacuum system it became necessary to evacuate
jndividual octants to carry out the vacuum tests on the installed vessels and also
to have octants 8, 1 and the inflector sgystem evacuated for machine experiments.
Originally it was thought that incomplete octants could be shorted out of the control
system but this did not allow sufficient flexibility. ?

A temporary control panel was therefore set up which allowed Octants 8 and 1
to be controlled separately. The appropriate interlocks were detached from the main
chain and operation of the vacuum valves was controlled by push button. The imner
vessel roughing pumps were not used so that the control system could be kept mEUH
The interconnecting valves were kept open by isolating an appropriate pressure )
switch at a pressure above 1 torr and the inner vessel was pumped down by the outer
vessel roughing pumps. Pressures of about 0.06 torr can be achieved in this way
q.:pg the high vacuum pumps are comnected, the throughput soon becomes too higl
u:m:wm:mw pumps and the protective pressure switches close the gate <m.u.<om«.
Some improvement in the vessel pressure occurs before they close. This pro| ;m\m.w. S
then repeated until the valves remain open and the octants are pumped down.

~ This type of control has now been extended to allow any octant to J
singly. A permanent system of control is under consideration which wi

wws Wm moaoosmm»:mu.aogmsﬁmmsapwmmcuoﬁ&umS_me.Hstwoau
S. .

8.10.5. Straight Section Box Pumping Arrangements

To allow for dimensional variations and thermal expansi
Vessels are connected with the straight section boxes ;.cun

S 2



go,ommms.ewmwwwowwso types (See Fig.,
tion joining the inner ang oExMH. <wmmM~M.w~o~mm?5
on convolution connecting the inner Vessel ¢ 0
onger straight sections, shut off valves mu.mo o
ellows assemblies. In the shorter straight Bectiong

ody and a valve housing. Tpe bodies are
two in each long straight making eight ip all
i can be attacheq to the
Pheric pressure acrogg
The valve may be introduceq into

ock Uuwsou..upm. a flap on the b
8.10.5(1i)). o

The

of pumping Tequirements was made when the amount or eXperimenta)
tted in the straight section boxes was known more

1 a large surface area, supported on insulators, are to be
traights. On average, the total surface area Asm»:u.% of mild
volved in one straight is about 5 x 105 mSN and a typical
se materials, even after 48 hours, is 10™° torr litres/s

. section box could therefore contribute 5 x 10-3 torr litre/s to the

acent octant pumps. This represents 40% of the total pumping
't 10=6 torr and is a greater fraction of the capacity than

be allocated for this purpose, especially since the calculation is

5 o

Pumping, which is at least twice as long as is desirable.

additional pumps to be mounted on the straight section
ch could be fitied without conflict with plunging
Vs, etc., are of 12 in nominal bore. Two pumping units
ed for each of six straights. Straight 8, which has
ot be fitted with extra pumping but it has a
S m.u.,muu.w 1 had already been supplied with one 16
at 10~%) to replace a 24 in pumping unit which was

stic probe assembly. All those units have similar
i

ts fitted on the octants, the pumping speeds
 the specified minimum at 10-6 torr.
dditional pumps in the straight
e achieved within 24 hours of the

us operation for 4 years
occurred, mainly in
ability of .ﬁ_m cold
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ked vacuum lock. A sliding gate v
torus and can only be opened when the Em:wwowﬁ has
10-1 torr by a portable pump. A probe can then

on the end of a tube which passes through a sl

fully interloc!

8.10.7. Beam Lines

Bach beam line is dmuawsmdmad%.mdrws smesmﬂ
or fails in any way, @ sudden pressure ris

vessels a fast shut off valve has been
and close to a normal isolation gate valve.
dismeter beam line is shown in Fig.8.10.7(i

The fast shut off valves (Fig.8.10.7(ii)) are
nplug" of air from a burst melinex window reaches the
to close so that the total time from a window burst t

is about 15 ms.

FAST SHUT
OFF VALVE

To give closure times of this order, the total weigl
only 4 1b and the plate is driven by a piston which is p1
at a pressure of 1,000 Hd\wdm. It is stopped at the ei
damper built into and around the piston rod. :
of rollers and levers which holds the plate by a 20
When the solenoid current is switched off the valve c
valve, gate valve and pressure triggers operate on an
which is designed to fail safe under all circums 5
charged batteries are used to guard against mains
consist of a Penning gauge head, a vacuum discharge
switch.

"

2

The system is interlocked so that the machine ate
when
(i) The beam pipe is pumped down to

(ii) A1l electrical connections are m:

(1ii) The piston pressures of the fa
at the operating value.
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the required press
there is a slow




way through the valve seat, sin
before it is completely seated.

8.10.8. Pressure Measurement

The pressure in the torus

choice of filament, On the local
oover pressures from 10~3 to HOlm
control room on strip chart record

Initially, ion gauge
manifold connected vis liq

obtained on the same
of, typically, 124.

on the same volume of trapped gas
reading the scale with
colunng tapped mechanically and by
error in the gauge calibration was
by eye and * 2% when the scale was
variations in the calibration of a
experimental errors when using the
gauge or the ion gauges themselves

A report(19) was published
stream" effect, in the McLeod ga
trap. The report tabulates the
particuler system and several e

ow

ce the plug of air would hit the fast
Moving Dla
te

calibration Proceeded alon
uid nitrogen tr
Pumping system. The gauges were calibrat

in the McLeod gauge, first by ey
a cathetometer, Readings

Pointing out a serious er
uge when uged in conjunct
magnitude of the error to be e

is measured by double filament Bayarq .
ionisation gaugés using local control units with facili
units, several linear

torr, The logarithmic
ers,

Alper type
W1tching ‘ang
8arithmi,
Teépeateq

ty for remote g
ranges and a 1
indication is

moos<m5dwosmu HHSmm using g
aps to a commercial McLeod gauge ang g
ed with pure nitrogen. The calibratigng

showing a variation from day to day

ressure Teadingg

e and then by
were also taken with the mercury
hand. From these experiments the exXperimenta)]
estimated at * mﬁ when the reading were taken
read with the cathetometer. The 12% day to day
particular gauge could not therefore be due to
cathetometer, The error must lie in the McLeod
and the latter were #ma@owmwwyw suspected,

ror, due to the "vapour

ion with a liquid nitrogen
xpected for a

i confirm this. The

t. A more consistent

ard orifice techniques were followed. The pumping

in a diaphragn across a circular tube can be worked
out theoretically. By knowing h

the speed at which 1
The results on the o

the experimental accuragy.

t is being removed, the

rifice system look promising,
interval of three weeks gave results

much gas has been introduced into a system, and
(absolute) pressure can be calculated.
Two gauges calibrated at an
which varied by only 3%, which is the order of

Batches of six gauges will be calibrated when a
"bell jar" has been suitably modified

L IS Y

Tangg
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AR PRESSURE
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Fig. 8.10.7(ii) 8 in fast shut off valve.
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njector Vacuum System

8.11.1. Tntroduction

A comparison of the vacuum parameters of other 1 .
the opbimum operating conditions for the injector (20) Pres
torr are generally considered necessary for reliable %&ﬂw ~an
geemed Teasonable %o aim at a pressure of 1 or 2 x 1 torr. m
required to be proportional to surface area rather than .avav Vo
lower pressures for a given speed, time for pump down would
rate. On this basis a pumping speed of 8,000 Hw.«uom\m was ,.m
tank at a working pressure of HOlm torr. The buncher and debun
uuouaaa.wosmdmwu\ for pumping speed. Operating conditions woﬁ {
different and the pumping capacity was determined according to
procedures for d.c. accelerators. 1

8.11.2. Linac Vacuum System

The most successful linacs have used mercury diffusion pum;
was known to increase X-ray production and the likelihood of mul
occuring. Although it was thought possible that modern oil pumps ¢
with considerable improvement over previous oil systems, there seern
pass over a mercury system provided refrigeration equipment fo
was available in a reasonable time and at a reasonable cost.

As part of the development of the r.f. power system, a ig]
was used equipped with a 24 in 0il diffusion pump. The tests
oxtremely successful. An ultimate pressure of 2 x 10~T torr co
about 100 hours and the extent of back=streaming of the o:
opportunity was also taken in the construction of the cavit
method of finishing the mild steel tank for the linac. he
using No. 120 grit emery discs, until the surface appeare
from oxide inclusions. This type of surface proved very
deterioration has been noted over five years of life.
was the use of cotton gloves to prevent oxidation by f

While tests on this unit were being carried
problem for mercury pumps suggested that there we
mercury was chosen as the working fluid.

The main difficulty in the construc
the vacuum joint. The large flange of the
mating surface of the base plate had to acco
diameter rubber cord seal. A tolerance E O
difficult task considering the le
available to do this job was a lo
was insufficient to allow any
could not meet the tol {




groove already cut. A special corner Piece was then manufacture
form a correct outer wall to the groove all round the corner A
After this machining, the fini

certain amount of dressing (b

d and fitteq

wwm.m.pp.mﬁwwvvﬁo

um seal

y hand and by machine) had to be vmwwowwwwwmowmwmsn a
was achieved over most of the length of the groove AHHo wdv but was exceed Olerancg
about 20 ft near one corner. This was further aggr
of the rubber cord.

ed Over
avated by variationg in
These difficulties were eventually overcome by using OQWWBdeH
shims in the groove and by selecting lengths of rubber cord which met the pw =
tolerance and acceptin,

€ Trequi
g a greater number of butt Joints, which were not omsmpcﬂwmm
in the cord seal. After installation,

3 nted

it was necessary to modify the base @Hm#o.
supports to eliminate sag and some straightening (by heating) was Tequired befor,
a satisfactory seal could be obtained. 2

The linac r:f. cavity presented a considerable vacuum problem,
areas involved a high outgassing rate and practically every com
cavity had to be water cooled, in many cases by electrically isolated cooling

circuits with demountable joints. Tapped holes for screw fixings were provided with
the usual pump out holes to eliminate virtual leaks.

Outgassing was reduced as far
as possible by maintaining strict cleanliness at all stages of manufacture,
especially by eliminating all materials such as cutting oils and fluxes from
surfaces before and after assembly. Slots with a total cross sectional area of
1250 in2 (about one and a half times the area of the pumping ports to the linac
¢mswv were provided in the cavity to ensure adequate pumping speed within the liner.

The equipment fitted inside the drift tubes is 'dirty' from a vacuum point of
view and it was decided to connect these to a separate roughing system. This
involved connecting each drift tube to a manifold which runs the full length of the
copper liner and passes through the base plate to roughing pumps. To safeguard the
drift tubes from mechanical damage in the event of failure of pumps and interlocks,
a spring loaded ball valve was incorporated in the manifold

. This valve opens when
the pressure difference, in either direction, between the inside of the @awwﬂ tubes
and the main vacuum vessel exceeds a few torr. Bach water circuit on the drift

tubes had to be connected through a seal on the base plate to the appropriate water
supply.

Large surface
ponent in the

The water cooling pipes on the liner itself had all their brazed joints vacuum
tested before the pipe was soldered to the copper cylinder. The test ppuo@mm for a
pressure difference across each joint of the same order and direction as sHHw 8
prevail in operation. This involved the design of "outer space test sleeves HWm
could be clamped over a joint as shown in Fig.8.11.2(iii). The space vmﬁsmms
sleeve and the joint under test was evacuated and OOBSdemm dm a leak mmﬁmm HM.gm
The pipe was pressurised with the probe gas. All smemw pipe joints througho
system, whether permanent or demountable, were tested in this way.

Manufacture of the drift tubes (Fig.8.11.2(iv)) was mWHm:mm@ so that imwwm and
brazed joints were tested before they became Hsmmoemmwdpm in wwm amxﬁmmMMMmﬁmmam
production. In this way each drift tube was subjected to six w:ﬁmasmwwﬁ e
before the final test was carried out. It was found after delivery nm e

ldered joints were particularly susceptible to mechanical mmﬂmmo and a e
e re necessary. These were carried out after the electrical tests on
MMMMM M“vo. after transportation to the injector room, and finally after
jnstallation in the liner.

NQQ such tes b i with
i i tubes and 12 drift tubes
ts were carried out on the WO drif
ﬂﬁ ub excess of tolerance were even nﬁm.HH% accepted. Those with the larger leaks

8 - 42

-
)
(]
]
>
.
3
8
>
)
]
e
()
£
kS
)
Z
Gl
&
=
=
-t
=
S
-
-
<
)
el
=




CORNER PLATE

ST TN

w

© Py SECTION A- 4
PLAN
Fig. 8.11.2(ii) O-ring corner joint of the linac vacuum vessel
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not connected to the roughing manifold
of a load on the high vacuum system
stem would be. A method of replacin
= braze could not be implemented because
gamage o the inner assembly of the drift tube.
prift tube shell cooling pipes were connected,
4o inlet and outlet manifolds running the

axms £ 14 had only one demountable joint af the en

the

any otheT necessary joints were brazed.

The epmm.ncwowm conductor windings on the other hi
generally, four pairs of conductors were connected thro
insulated polythene sleeve and were taken out thro!
conductor pipes extended some 12 to 18 in below the base
connected to f£low switches. The same flanges had gla
thermistor outputs for temperature monitoring of the
very unsatisfactory and have virtually been 'potte
A more robust seal will be fitted when the opportun:
installation it was necessary to provide a "top hat
side of the base plate which could be evacuated to
the joint in the conductor pipes adjacent to the dri.

These cooling circuits introduced some three hi
approximately the same number of brazed joints, al
of water leaks into the vacuum system.

8.11.3. Preinjector and Drift Spaces

The other major parts of the injector vacuum
difficulty. The d.c. gun was the first section
gave most trouble because personnel employed
accustomed to high vacuum techniques. Als
ring groove which were subsequently disco
trapezoidal or, in certain instances, dovi

The flight tube between the d.c.
the inflector (HEDS) consists of leng
which take assemblies such as target
strategic positions so that the lam
alterations to the layout of the
particular component could recei
of the system (see Fig.3.1(1))

Tt was difficult to instal
m@m and it was intended to T
150 litres/s ion pump on the
installed first




trap and refrigerated chevron baffle and the mercury pump backed by mechan
rotary pump. The chevron baffle serves to reduce the rate at which mercury ical

on the spoon trap. On a 24 in unit without the chevron baffle the whole smumoﬁmﬁy
charge of the pump could be transferred to the trap in one day but .Hsamwvomu..:cww
baffle at a temperature of - 250C, increases this time to more than 150 amwm.m the

The control system for the pumping units is essentiall

¥ similar to that for ¢
synchrotron oil pumps, the main differences being the absence of the Vapour boogt he
pamp end the addition of the liquid air trap and its associated inter) o T 5
start up sequence required the mercury pump to be operating 3
before liquid air was admitted to the t

and the baffle cp

il
rap otherwise it would collect unneces o

sary
amounts of mercury vapour.

The liquid air system consists essentially of a number of direct conl
liquefying machines (Fig.8.11.4(iii)) supplying liquid air at at
to a depot collector which despatches batches of liquid into a reservoir which ig
Pressurised to about § wd\wsm gauge. Liquid from the reservoir is distributed to
the' traps via a vacuum insulated transfer line with a solenoid valve outlet to
each trap. The solenoid is actuated by the pumping unit control system and by
level sensing heads in the trap, A description of this system as originally
conceived has been ﬁﬁdwwmﬁmmﬁymw. Much development work has been necessary and the
system is not yet fully operational.

densation
mospheric Pressure

The rough pumping system for the in
pump combinations identical to those used on the inner vessel of the main torus.
The pumps are connected, via individual isolating valves, to a 10 in diameter
roughing manifold from which a 9 in diameter branch is taken through a gate valve to
the linac tank. The manifold is continu

ed with reduced diameter to serve the other
large cavities as well as individual sections of wﬁngdm.?mmawomm?

electrically operated valves allow the items to be interlocked

Jector comprises three 100 Hﬁuwmw\w Rootes

Individual pumping units of the injector vacuum system are started and run up
to the ready condition locally and are then operated from the mimic panel in the

injector hall. All the valves are operated by push buttons adjacent to the
schematio position of the valve and there is indication of whether the valve is
open or closed. When the appropriate pressures in the system, as gmﬁmﬁagmw by ‘
pregsure switches, are achieved, they are indicated on the mimic panel and interloc
the valves. For example: flight tube valves will not open unless the pressure on
each side of the valve is less than 10-2 torr; roughing valves will not open unless
alr admittance valves in the same region are closed; high vacuum valves to pumping
unite will not open unless the volume to be connected to the pump is at a lower
pressure than 102 torr and the appropriate roughing valve is closedj air
admittance valves will not open unless a master key switch is operated and the 2
appropriate high vacuum valves on pumping units together with flight tube valve

for the particular sections are closed.

The leak rate tolerances were generally similar to those applying to sum HMM&
of the synchrotron. Exceptions included the linac tank, for which a leak H.mdm e
2 x 10-3 torr :.S.cm\m was originally specified. There was considerable dou F e
this standard oould be achieved on a mild steel vessel of some 72,000 :.S.mw G o
Indeed the normal U.K.A.E.A. specification for vessels over one litre calle i
_ssure rise of less than 0.036 aouu\voﬁ (or a leak rate of 0.72 torr litres o
Ry calcoulation showed (Section 8.6.1), that using one 24 in oil pump woam
B rate of 10~4 torr litres/s would cause a partial pressure rise ©O
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apout 5 X 10-6 torr in the backing space al

of magnitude greater than the minimum partia
mumneuosmemn leak detector in ideal condition
Jeaks and outgassing of the vessel walls this
order of magnitude but it was gtill ooﬁmw&mﬂom de
to be attained. The doubt was soon dispelled for
any leak detection was carried out the leak rate
were found in welded joints and after rectificat
already described) and the replacement of many fa
flanges and sight glasses, an overnight pressure :
9.5 % 10-4 torr Hwﬁwmm\m was obtained.

The sensitivity of leak detection on the tan
detector cormected to the backing space of the prot
was of the order of 2,5 x 10s-Stor: litres/s for f
sensitive range. The basic sensitivity of the mass
Hwﬁumm\m for the same deflection.

After assembly of the_ linac r.f. structure insi
rate was less than 2 X 103 torr litres/s. Using al
pumps a pressure of} 2 HOlm torr was achieved in un
punping, the measured leak rate was 2.6 X 10-4
operating conditions, using only two of the fi
Biod HOlm torr was achieved in about 12 hours.

Since commissioning of the injector began,
to use all four mercury pumps because of fau
shortcomings of the liquid air system. Topp
using a semi-automatic system from a pres
ing and, while experimental work is in progress
beoause it is necessary to stop the injec pe
personnel are admitted to carry out the top
10 dewars of 25 litres capacity into the i
every 24 hours. sEd s

Plans are now being made to £it
an experiment to determine the ef ct
so that, in the event of cont
information will be available to
to be re-assessed. There is
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SECTION 9
CONTROL SYSTEM
CONTROL SYSTEM
i i is now
the Nimrod machine is
system foT . Almost all
The moﬁawwvumbm jts final mmmmwm and some 1
.EmemSmﬁos 1ocal control condi ontwolled from the
operated csaMH.H. have been remotely © 2
the injectols in items o
& 1 system embraces all ewmhwwu\mao? the
The ooiﬁwe the injector, the <wmo~§m San
mMmM uwému supply, and .«wmzow interlocking
cavity and tioning machine, DQ@HBNB& protection.
o Mémmu personnel and equipme
require

jts poweT

complet

untHuHmm for more

: 4 will take as e olant temp
ewumwuwmma.uim%o? vac mwwwmswwmoamg control

aspects © fety interlocking —

uonmosswwmﬂwmmwm the complete control sYi

represe

jector.
9.1. H‘Suw

9.1.1. Introduction.

—_—

rded
Since the injector may wwdwwmw =
i uired to ope 197
in itself and Hm.u_m& : DogE 0 e
cosgoﬁwowmsm M&mmam of zEHow.mwmeMMsS% il
commiss b IO e
i T opera d 2
e w« owﬂwmwwwwmea. With this end in view,
Nimrod co: s
all control wgcsoﬁm oMos.n
required the essential e
the operation of changeove

Development Problems associated with the
od Vacuum Chamber. NIRL/R/51

injector alone
i £ the injec A
4 the operation O e e
amwﬂ.aa wcww:m_po synchroton, the injector 3
achieve
the main control room. . 4w
ising of a glass reinforced epoxide vessel. I.C.I.Witton vt s w..._.z.w.vwwwﬂwﬂ :
1 wnumceow moawou. room, which wmm. S
H.T. platform and d.c. mﬁ_m.ﬂoa. :
of the injector control sy

and R. Sheldon. Quality Control on the Production of
n Vacuum Vessels. 17th Annual Meeting of the
» The Society of Plastics Industries, Inc.

The injector first operated Suc« es:
Sheldon.
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