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THE INSULATING STACK FOR THE NSF TANDEM ACCELERATOR

J. M. Leese*

Summary

The design, procurement, assembly and installation
of an insulating stack for a large tandem Van de Graaff
accelerator present many problems. These range from
calculating the stability of a large structure made
from what are not usually considered as structural ma-
terials, to economically producing and assembling the
many tens of thousands of components involved.

A description of the stack together with some of
the manufacturing and assembly problems and how they
are overcome are briefly outlined and references are
given to further information.

General Description

The 30 MV tandem Van de Graaff under construction
at Daresbury Laboratory has a stack 41.24 m high weigh-
ing 100 tonnes which consists of eight vertical columns
on a 2 m diameter pitch circle tied together at regular
intervals by stiff nodular cast iron rings. Each column
is made up of insulating legs which can support a high
voltage gradient and tubular steel legs at the centre
terminal and dead sections within which the voltage
is uniform. There are 18 live sections and 3 dead sec-
tions above and below the terminal. The live section
columns of insulating legs are made from glass discs
protected from electrical surges by annular spark gaps
formed by stainless steel grading discs. Each live
section is 0.86 m long, has an active insulating length
of 0.746 m and supports a voltage gradient of 2.23 MV/m
at 30 MV.

The terminal and dead sections contain the beam
diagnostic, steering, pumping, stripping and control
equipment. They are fitted with an electrically smooth
outer skin formed by hinged panels which allow access
into the dead sections and the crates containing the
electronic control equipment and power supplies.

The stack is supported on a stiff space frame
truss which sits on brackets attached to the inside
wall of the vessel. The truss has been designed to lim-
it the rotation of the pads on which the stack sits to
a value which will prevent unacceptably high bending
stresses being introduced into the bottom set of insu-
lating legs. Arranging the stack support internally
without increasing the overall size of the vessel maxi-
mises the external space available for the analysing
magnet and associated equipment.

The top of the stack is propped from the vessel to
prevent lateral movement by a support designed to al-
low for the relative vertical movement which occurs be-
tween the stack and the vessel due to differential ex~
pansion and the inflation of the vessel. In addition
the top support houses eight springs which impart an
end load on the top of each column, keeping them under
compression at all times, so preventing tensile stres-
ses being set up which could damage the glass insula-
tors.

The machine is designed to operate with an in-
tershield fitted to the stack between the dead section
positions equivalent to 0.667 of the terminal voltage.
The intershield is 16.05 m long and 4.5 m diameter with
an electrically smooth skin on the inside and outside
formed by stainless steel panels secured to an alumin-
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ium frame. The structure weighs 10 tonnes and is of a
bolted construction, which, after pre-assembly can be
broken down into its component parts which will pass
through the manhole openings for assembly onto the
stack. To prevent moments being transmitted to the
stack the intershield is supported on pins set in the
steel support columns of the dead section. To allow for
differential longitudinal movement it is guided at the
top by rollers bearing on the corresponding dead sec-
tion columns.

Equipotential hoops 2.3 m diameter made of 48 mm
diameter stainless steel tube are fitted to every third
grading disc of the insulating legs. These form an
electrically smooth surface on the outside of the stack
and ensure uniform grading of the voltage within the
stack. Grading discs which do not support a hoop are
joined electrically by spring loaded tie bars to other
discs in the same plane.

Current is drawn from the terminal through a re-
sistor chain extending the length of the stack. The
chain is formed by a series of resistors mounted within
aluminium die cast trays fixed between an adjacent pair
of columns to grading discs of equipotential. The tray
method of mounting was chosen after a considerable
amount of research and development in order to give the
resistors protection from damage by electrical surges.

Design and Manufacture

To meet the very stringent electrical and mechani-
cal requirements necessary to ensure the efficient op-
eration of such a large complex structure, a great deal
of attention has been paid to the construction philoso-
phy, the structural analysis and the design, develop-
ment and manufacture of the many components.

A detailed analysis of the static and dynamic
characteristics of the stack and its supports(l) has
been carried out using finite element techniques and
idealised mathematical models solved using a computer
program specially developed for the purpose. To deter-
mine their physical properties for use in the analysis
extensive tests were carried out on insulating legs and

model tie rings(z).

Many tens of thousands of components are required
to produce a stack of the size described and a consi-
derable amount of effort has gone into ensuring their
economic production and assembly.

The key components in the stack are the insulating
1egs(3]. The stack contains 288, each one being made by
bonding together 31 insulators between a similar number
of grading discs. Borosilicate glass was chosen for the
insulators after the extensive high voltage testing of
many types of glass and ceramic (), A tight specifica-
tion was sought regarding the limiting of seeds, bub-
bles and inclusions in the glass, as these defects can
initiate electrical breakdown mechanisms at such high
gradients.

Insulating Discs

With previous accelerators of this type the quant-
ities of insulating discs required have been relatively
small and they were produced by accurately lapping the
faces of moulded glass discs to flatness and thickness.
This method is very inefficient and expensive for large
quantities. In addition no manufacturer would guarantee
the quality of moulded discs in borosilicate glass,
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regard to the exclusion of seeds and
bubbles. However borosilicate glass predominantly free
from imperfections was available in the form of rolled
sheets, enabling the best areas to be used for the in-
sulators. Having the glass in sheet form introduced ad-
ditional manufacturing problems, i.e. the discs had to
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finish suitable for flame polishing, (d) flame polish-
ing, (e) annealing, and (f) fine grinding the faces to
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the optimum performance of the diamond wheels, the re-
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Grading Discs

The grading di made from stainless steel, a
material which has a high resistance to spark erosion.
Each disc consists of a plane centre portion with a
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specially raised and contoured rim on
forms a protective annular spark gap when bonded to

either side of an insulator. The form of the spark gap
was chosen after a considerable
computatlons(5) to give the best possible protection to

the insulator against electrical surges.
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The production of a large quantity of grading
discs of this type from solid blanks is not economic in
either material or labour and saving by wmachining from
stampings or castings would only be marginal. The most
economic method of production is by joining together
two pressings made from stainless steel sheet.
were manufactured and developed to produce pressings in
large quantities to close limits enabling the spark
gaps to be maintained to the required close tolerances.
(0,075 mm).

PryN
10015

For the best electrical performance it is necess-
ary to have the mating surfaces of the glass insulator
and the grading disc flat to close tolerances. This is
to ensure an optimum glue line without voids.

After using thermo plastic adhesive to join the
pressing it was decided a flatter, more homogeneous

and stronger grading disc could be made by vacuum
brazing.

To concentrically locate a pair of pressings with

respect to each other a technique was developed of spot
welding them together in a fixture after applying braz-

ing powder to their mating faces. When the assembly

removed from the flxture it is stacked with others be-
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shape of this fillet being of the utmost importance for
good electrical performance.
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joints and at a later stage in the process as heat is
applied, charged with nitrogen to suppress any bubbles
which tend to form in the adheive fillet. During the
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The stack is preassembled and fitted out in mod-
1g of various combinations of live and
dead sections. Each module is put together in a fixture
which holds the tie rlngs in the correct relation to
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Securing the in-
sulating legs to the tie rings without introducing un-
acceptably high tensile stresses in the glass is ex-
tremely difficult, particularly when dealing with very
large stiff components which have been machined to
commercial tolerances. To take up the discrete varia-
tions between the tie rings at each leg station a num-
ber of schemes involving make up pieces and screw jacks
were investigated. These were rejected beause they
would not give end fixings stiff enough to ensure the
static and dynamic inteqrity of the completed stack.
After a considerable amount of development a special
end fixing was evolved which allows the insulating legs
to be fixed without introducing stresses into the
glass.

The design consists of a composite flange (fig.1)
made up of an auxiliary flange cold bonded and welded
to each end of the stack leg, which fits into a recess
in the main flange. The auxiliary flange seals in an
'0' ring in the wall of the recess in the main flange.
The thickness of the top main flange is machined to
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suit the previously measured distance between the tie

Fig.1

Diagram of end flange arrangement:-
(a) Vacuum port.
(b) gilicone rubber seal injected as a liguid

after screws in main flange have been
torqued up. Allowed to solidify before
drawing a vacuum.
sealin

(c) "O" ring, g auxiliary flange to main

(d) Epoxy resin, drawn into void under vacuum
after screws fixing main flange to bulkhead
ring have been torqued up.

Main flange.

(o)
(f) Auxiliary end flange, cold bonded to nilo
disc and edge welded to grading disc

isc hot bonded during leg manufacture;
(h) Sealing shim between bulkhead ring and

rings so as to leave a gap between the faces of the
main and auxiliary flanges when the leg assembly has
been fitted in place and the flanges bolted in posi-
tion. The void formed by the gap is evacuated with a
ughing pum throuch a2 nort in the gide of the flange
roughing pump through a port in the side of the flange.
Previously prepared and outgassed epoxy resin is then

drawn in through a diametrically opposite port to fill
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tie rings in distance or parallelism without introduc-
ing additional tensile stresses. Initial tests indicat-

ed that the resins with good flow characteristics which
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would readily fill the void had relatively poor tensile
strength at the flange to resin interface. To streng-
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misk imdas nogition

put intc poOSiTiln.

screws were introduc
screws were introduc

m™his ensures nc additional roasas
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are introduced into the glass insulators when the main
flanges are bolted to the tie rings. The fixing is com-

nleted when the screws
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filling the void between the main and auxiliary
flanges.

After the tie rings and legs have been assembled
the module is removed from the building jig, the dead

fittald gut and the eguingtential
fitted out, ana
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tne egquipodientliai noops, tie

bars resistor chain and other equipment fitted. Prior
to assembly in the vessel the module is thoroughly in-
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Assembly in the Vessel
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consists o 1 such wo
centre terminal. Each one is lowered in turn into the
vessel through the top opening onto an ad]ustlng fix-
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position in relation to the vertical centre line and
the module below it. With the correct distance set be-
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the bottom ring of the one being installed, insulating
legs are fitted between the two modules in the same
manner {by machining end flanges etc. and resin bond-
ing) as described for assembling the modules them-
selves., With the bonding of the legs complete the ad-
justing fixture is removed and re-established on the
top of the stack ready to receive the next module. The
newly installed legs are then fitted with resistors,
tie bars and equipotential hoops.

The centre line of the vessel is maintained be-
tween an optical instrument point on the stack support
truss and a target set in a heam across the top of the
vessel, The beam is designed so that it can be rolled
to one side allowing the module to be lowered into the
e sing the service crane.
llftlng beams are used so as not to induce tensile
stresses into the glass insulators. When the survey
beam is put back onto the centre of the vesgel it lo-
cates on seatings which re-establish the survey target
onto the centre line of the vessel.

ally designed

The stack modules are assembled in the vessel from

a temporary annular platform suspended on three wire
ropes attached to huﬂr:uﬂ wr-;ﬂ'lv orerated pull lifts
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which can be used to raise the platform as installation
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induced in the glass insulators. The props are attached
to the stack just below the temporary annular platform

and are repositioned each time the pla
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Access to the temporary platform is gained via the per-

manent annular maintenance platform which can operate
from the base of the stack to within about 23

temporary platform. The temporary platform is of bolted
construction so that it can be removed from the vessel
h
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+inn and the charoing gyvetem " at+alled +he veaan will
tion and the charging system installed, the vessel will
be closed and high voltage tests carried out to deter-

mine the characteristics of the stack without a tube or
intarchiald MTha {n&avak{n‘lfl will +han ha inatalled and
intershield, The intershield will then be installed and
the tests repeated before finally commissioning with

the accelerator tube.

All the stack modules have been built and are in
various stages of being fitted out and commissioned.
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in the vessel using the assembly and installation
methods described. The operations have proved to be
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