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Abstract—At Istituto Nazionale di Fisica Nucleare — Laboratorio
Nazionale del Sud (INFN-LNS), a broad experience in the design,
construction and commissioning of ECR and microwave ion sources
is available. The AISHa ion source has been designed by taking into
account the typical requirements of hospital-based facilities, where
the minimization of the mean time between failures (MTBF) is a key
point together with the maintenance operations, which should be fast
and easy. It is intended to be a multipurpose device, operating at 18
GHz, in order to achieve higher plasma densities. It should provide
enough versatility for future needs of the hadron therapy, including
the ability to run at larger microwave power to produce different
species and highly charged ion beams. The source is potentially
interesting for any hadron therapy facility using heavy ions. In this
paper, we analyzed the dimensional test and electrical test about an
innovative solution for the containment chamber that allows us to
solve our isolation and structural problems.

Keywords—FEM Analysis, ECR ion source, dielectrical
measurement.

[INTRODUCTION

URING the ‘90s, different ion sources have been built at
INFN-LNS, two for the production of highly charged
heavy ions to be accelerated by the K-800 Superconducting
Cyclotron [1], [2]. All these improvements will be even more
remarkable if the proposal of the refurbishment of the 20-
years-old cyclotron will be funded: In that case, the demand of
high brightness heavy ion beams will further increase of a
factor 10 to 100, in order to support the future studies on
double beta decay. In the meantime, new projects have been
started: The AISHa source for hadron therapy facilities is
designed for high brightness multiply charged ion beams with
high reliability, easy operations and maintenance. AISHa has
been designed to meet the above cited requirements by means
of high field He-free superconducting magnets, while the
radial confinement will be provided by a Halbach-type
permanent magnet hexapole structure. The source will take
profit of all the know-how acquired in the years by the INFN-
LNS ion source team (Fig. 1). [1]
The new AISHa source is designed to be an intermediate
step between the 2nd generation ECRIS (unable to provide the
requested current and/or brightness) and the 3rd generation
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ECRIS [2] (too complex and expensive). At the same time, the
electrical power to be installed for its operation will be kept
below 50 kW This demand implies also the simplification of
all ancillary systems including an oven for metallic ion beams,
which permits the production of new beams for hadron
therapy and for other applications [3], [4]. The AISHa source
(Fig. 1) is funded within the framework of the program of
Sicilian Government named PO FESR 2007-2013 and a pool
of Sicilian SME is associated with INFN for this project. The
source is potentially interesting for any hadron-therapy center
using heavy ions.

Fig. 1 AISHa layout

Fig. 2 4 AISHa Section layout

II.SIMULATION

A.Mechanical Development

In order to minimize the maintenance operations, the
development of new source involved some mechanical and
structural improvements with respect to similar devices. In
particular, hereinafter the optimization of the hexapole
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containment chamber.

B. Use of COMSOL Multiphysics

The Finite FElement Method approximates a Partial
Differential Equations problem with a discretization of the
original problem based on a mesh, which is a partition of the
geometry into small units of simple shape called mesh
elements [3]. The PDE method looks for a solution in the form
of a piecewise polynomial function, each mesh element
defining the domain for one “piece” of it. Such a piecewise
polynomial function will be expressed as a linear combination
of a finite set of predefined basis functions. Let us consider for
example a 2-dimensional problem with a single dependent
variable p(x,y). We would like to solve this problem based on
a mesh with quadratic triangular elements [5]. The expression
“quadratic elements” refers to the fact that on each mesh
element the sought piecewise polynomial function p #(x,y) is at
most a quadratic polynomial [6]. In this case, the solution is
expressed as:

pxY) =p* (X)=XIpii* @i (xy) 1)
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Fig. 3 Free domains

where i refers to a node of the mesh, pi are the degrees of
freedom, ¢;(x,y) are the basis functions and n is the total
number of nodes, under the assumption that each triangle of
the mesh possesses six nodes: three corner nodes and three
mid-side nodes [7]. A basis function ¢;(x,y) has here the
restriction to be a polynomial of degree at most 2 such that its
value is 1 at node i and O at all other nodes [8]. The degree of
freedom pi is thus the value of p #(x,y) at node i. The definition
of the basis function associated to each node of the mesh can
be derived using for example a general method introduced by
Silvester in 1969 [9].

C.Simulation Cylinders of the Containment Chamber Made
of Composite Material

The goal of our study was to study deformation and stress
on the assembly. Our assembly (Fig. 2) is composed of two
parts: Glass Fiber (grey) and Carbon fiber tube (blue).

We used Solid Mechanics module for our simulation: we
assumed some of the domains as free (blue) (Fig. 3). We
assumed some of the domains as fixed (blue) (Fig. 4).

Fig. 4 Fixed domains

We considered a pressure of 1,05 * 10° MPa applied in the
internal surface (blue) (Fig. 5). We used a dense mesh for all
domains (Fig. 6). The simulation gave us these results: A
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maximum value of deformation of 0,3 mm and a maximum
value of stress of 8 MPa (Fig. 7).

0.3

8
0.25 ¥

6
0.2

5
0.15 a
0.1 =

2
0.05

1
0 [}

Fig. 7 Results of the simulation

III.DIMENSIONAL CHECKS

The dimensional inspection of models and molds has an
important implication from economical the point of view as it
avoids starting the production of manufactured goods that do
not comply technical specifications and which would lead to
the deviation of the final product, resulting in a waste of
human and material resources. In the analysis they had
frequent problems reflection of the beam due to the high
reflectance of the surfaces scanned. The dimensional
inspections of the built workpieces are done only in special

cases because they were usually unnecessary; the dimensional
inconsistencies can be transferred from the mold to the piece,
rarely these arise in the lamination step of the mold. Through
to these measures, the incidence of dimensional errors on the
finished product is negligible, and during the test at company
there were no such cases.

A.Testing Company

The measurement campaign radial was made, one for each
different position under investigation and all the measures had
the precision of a tenth of a millimeter. The measurement
campaign has been satisfactory. After the company testing we
shipped the containment chamber at new company to install
the tube in the yoke; this operation was successful (Fig. 9).

Fig. 8 Containment tube in yoke tube

B.Dielectrical Test

The test of dielectric strength fixes the ability of
withstanding by an overvoltage without producing a field
discharge. This overvoltage can be caused by lightning or
generated by a fault on the transmission line energy. The main
objective of this test is to verify that the procedures for
building materials and insulation distances have been
respected. The test is often performed by applying an
alternating voltage, but it is also possible to use a DC voltage.
The device suitable for this type of measurement is the di-
electrometer. The result is a voltage value expressed in kV,
and presents a more or less destructive levels of testing
(quality tests or maintenance). For this reason, the dielectric
test is run on new equipment or regenerated. The measurement
of the insulation resistance is not considered destructive under
normal test conditions. It is performed applying a DC voltage,
lower than the dielectric test, getting a result expressed in
Resistance (kQ, MQ, GQ, TQ). This resistance value
expresses the quality of insulation between two conductive
elements; its non-destructive nature makes it particularly
suited for the control of ageing of the insulators during the
normal period of operation of an apparatus or of an electrical
installation. This measurement is performed by a controller
insulation also called megohmmeter.

C.Test Pieces of Dielectric Strength
The set of the electrical equipment (Fig. 8) must comply
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with the insulation characteristics to ensure their operation in
maximum safety; in particular, the containment tube, made of
composite material, must be able to withstand a total of 40 kV.

Fig. 9 Measurement analysis

D.Principle of Measurement of Insulation and Factors
Affecting It

The measurement of the insulation resistance is based on
Ohm's law. By applying a DC voltage of known value and
lower than that of the diclectric test, it measures the current
and determines the resistance value. At the beginning the
insulation resistance presents a very high value but not infinite
and then, with the measure of the weak current flowing, the
megohmmeter indicates the value of the insulation resistance
with a result in kQ, MQ, GQ, or for some models, in TQ. This
resistance value expresses the quality of the insulation
between two conductor elements and provides a good
indication of the possible risks of circulation of leakage
currents. When a constant voltage is applied to the circuit
tested, the measurement of resistance and the value of current
are affected by some factors as the temperature or humidity
that could produce a change of the measure.

IV.CONCLUSION

In this paper we study a new technical solution for a ECR
containment chamber. We are simulated a glass fibers and
carbon fibers tube with a FEM software and the results
showed the compatibility and the strength of these materials.
The electrical point of view is also very important and this
technique is very interesting.
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