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h  i g  h  l  i g  h  t  s

• A  thorough  R&D activity  on  the MITICA  post  insulator  prototypes  is being  carried  out.
• The  design  has  been  numerically  verified  considering  both  mechanical  and  electrical  aspects.
• Experimental  validation  has  been  started,  with  positive  results  in  both  involved  fields.
• Alternative  design  solutions  thickness  have  been  proposed  and  successfully  tested.
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a  b  s  t  r  a  c  t

This  paper  describes  the R&D  work  performed  in  support  of the  design  of  the  alumina  insulators  for  the
MITICA  Neutral  Beam  Injector.  The  ceramic  insulators  are  critical  elements,  both  from  the  structural  and
electrical point  of view,  of the  1 MV electrostatic  accelerator  of  the  MITICA  injector,  as  they  are  required
to  sustain  both  the  mechanical  loads  due  to  the  cantilevered  weight  of the ion  source  and  the high  electric
field between  the  accelerator  grids.

This paper  presents  the results  of  numerical  simulations  and  experimental  tests  on  prototypes  that
have  been  carried  out to  validate  the  insulator  design  under  realistic  operating  conditions.

© 2015  Consorzio  RFX.  Published  by Elsevier  B.V.  All  rights  reserved.

1. Introduction

The MITICA electrostatic accelerator is based on the MAMuG
(multi-aperture-multi-grid concept [1,2]). This accelerator is com-
posed of five stages and includes seven main grids, polarized at
potentials ranging from −1 MV  to ground (0 V) with five main stages
of 200 kV each (see Fig. 1).

The negative ion beam, extracted from the RF ion source, is com-
posed of 1280 individual beamlets which are guided and focused
by an intense electric field through the apertures of the accelerat-
ing grids. The electrical insulation between the grids relies, both
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on vacuum gaps and ceramic insulators which are part of the sus-
taining structure. Five sets of alumina cylindrical insulators are
located between the accelerator grids; the insulators are therefore
subjected to 200 kVdc and to structural loads. The ion source and
the multi-stage accelerator constitute a cantilevered structure sus-
tained from the grounded stage. The present work describes the
R&D activities carried out to identify a reliable insulator design
considering several constraints: withstanding voltage, structural
and manufacturing issues.

2. Insulator description

The insulator is a cylinder made of high purity alumina C799
[3] according with the ITER requirements [4], the cylinder has a
diameter of 130 mm  and a length of 280 mm.
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Fig. 1. Vertical section view of the half MITICA beam source electrostatic accelerator.
The  insulators are the horizontal axis cylinders in light blue. (For interpretation of
the references to color in this figure legend, the reader is referred to the web  version
of  the article.)

Each ceramic insulator is connected to the structure by means
of a couple of stainless steel (SS) flanges which are directly bolted
on the frames sustaining the accelerating grids. A central dowel
is present on each flange to assure coaxial positioning between
the stainless steel flanges and to prevent any relative displacement
due to shear stresses between ceramic and metal flanges. The low
friction coefficient between ceramic and SS is not sufficient to guar-
antee a rigid bolted joint between the two materials. The joining
between metal flanges and ceramic insulator is not a straightfor-
ward choice because both electrostatic and structural requirements
have to be satisfied at the same time. In the reference configuration,
the alumina is joined to the SS flanges by screws, six threaded holes
M14 are manufactured directly on the sintered ceramic; the blind
holes are metalized with a suitable conductive layer as well as the
interface between the ceramic and the metallic flange. The metal-
lization is necessary to prevent any electric field concentration at
the triple junctions where vacuum, metal and ceramic are in close
contact.

A set of 10 alumina small specimens were manufactured to
test the single ceramic tapped holes (Fig. 2). The specimens were
made by Friatec F99.7: aluminum oxide purity 99.7%, density

Fig. 2. Tensile test on a threaded hole ceramic specimen M14.

3.9–3.95 g/cm3, average grain size 10–15 �m.  A M14  carbon steel
screw (class 12.8) has been screwed in the tapped hole in the alu-
mina and it has been pulled by a tensile machine up to 100 kN
(the limit of the machine) without any issues. The same thread has
been subjected to a severe fatigue test: an oscillating load between
65 and 85 kN has been applied until failure, which occurred in the
screw (made by carbon steel) at about half million cycles. The func-
tionality of the threaded ceramic hole was not compromised.

The second phase of the R&D campaign was  focused on the
manufacturing and testing of the full prototype, for a thorough
mechanical and electrical validation of the design, with reference
to the numerical verification described in the next sections.

3. Structural design and prototype tests

The overall cantilevered weight of the beam source (BS)
assembly is 150 kN. This implies not negligible mechanical loads
transferred, through each insulator, from the BS to the anchor
points located at ground potential. The ceramic insulators are
loaded in different manner from the structural point of view; for
this reason, the static load distributions due to the gravity have been

Fig. 3. 3D finite element (FE) static model of the electrostatic accelerator, 5 M ele-
ments. The most stressed insulators are located in the bottom part of the structure
near the support of the tilting system.

Fig. 4. Sketch of the equipment designed to apply shear forces and bending
moments to the insulator prototype
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