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h  i  g  h  l  i  g  h  t  s

� The work  is  focused  on the  manufacturing  process  of  the  Plasma  Driver  Plate  of  MITICA.
� A clad  plate  of molybdenum  and  copper  has  been  manufactured.
� Simulations have  been  carried  out  to improve  the  design  geometry  of  the  component.
� The driver-hole  rim  have  been  machined  and  hot  formed.
� No delamination  were  found  in  the  molybdenum.
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a  b  s  t  r  a  c  t

The  back  plate  of  the  MITICA  plasma  source,  named  Plasma  Driver  Plate  (PDP),  will  be protected  from  the
impact  of the  highly  energetic  back-streaming  positive  ions  (BSI+),  generated  inside  the  accelerator,  by  a
1.0 mm  thick  molybdenum  layer  that  will  be  joined  by  Explosion  Bonding  (EB)  technique  to  the  copper
heat  sink.

This technology  has  been  investigated  and  used  for  manufacturing  prototypes,  demonstrating  very
high  strength  of  the  obtained  molybdenum–copper  interface.

The  production  of the  shaped  edge  profile  of  the  driver-hole,  after  the EB, is  an  open  point.  In  order  to
demonstrate  the  possibility  to  produce  the  PDP  by  explosion  bonding,  the  manufacturing  of  a  full  scale
prototype  of  the  area  just  around  one  of  the  PDP  driver-holes  was  identified  as  the  road  to  address  most
of the  manufacturing  issues.

Elasto-plastic  finite  element  analyses  have  been  carried  out  to improve  the  hole  rim geometry  and  the
process  parameters  of  all  the  manufacturing  steps.  A full  scale  prototype  of  the  PDP  driver-hole  has  been
manufactured  and  tested.

This  contribution  gives  an  overview  of  the  R&D  activities  carried  out to address  the  main  open  issues,
to define  the  PDP  component  detailed  geometry  and  its  manufacturing  processes,  via  EB  technique.

© 2013 Consorzio RFX Associazione Euratom ENEA sulla Fusione. Published by Elsevier B.V. All rights 
 reserved.

1. Introduction

Positive ions are expected to be produced by reactions between
particles within the accelerator volume of the SPIDER and MIT-
ICA beam sources [1,2], and sent back towards the plasma source.
Highly focused beamlets of H+/D+ and H2

+/D2
+, named Back

Streaming positive Ions (BSI+), will hit the plasma source inner ver-
tical rear plates, such as the Plasma Driver Plate (PDP) [3], causing
physical sputtering on plasma facing material and additional heat
load (with respect to the normal RF plasma–surface interactions).
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The very high particle energy and flux expected in MITICA
impose the presence of a thick layer of Mo  for withstanding the
sputtering on the surface of the PDP. No consolidated industrial
technologies are currently available for manufacturing coatings of
molybdenum on copper with the required parameters (thickness
of 1.0 mm,  no porosity and strength of the interface)

R&D activities have been carried out on this topic and the
Explosion Bonding (EB) technology has been finally chosen for the
manufacturing of the molybdenum armour layer of the MITICA
plasma source. Prototypes produced by EB (1 mm Mo  + 8 mm Cu)
have successfully passed thermal and mechanical tests, demon-
strating the good quality of the Mo–Cu interface. Delamination
within the Mo  thickness appeared instead at the driver-hole rim
of the prototypes, after its warm forming, necessary for reaching
the required shape of the PDP.
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Fig. 1. Driver-hole full scale prototype main dimensions.

Further activities were then identified in order to solve the
open issues that still prevented from the possibility to manufac-
ture the Plasma Driver Plate of MITICA by EB. Such activities and
the obtained results are presented in this paper.

2. Main scopes of the R&D activities

The main aims of the activity that were identified are hereafter
summarized:

1. to improve the shape of the formed part of the Plasma Driver
Plate (driver-hole “finger”):
a. to optimize the shape of the copper cutting prior to forming

the finger
b. to optimize the forming process of the finger

2. to investigate possible solutions for avoiding delamination in the
molybdenum:
a. improving machining process
b. avoiding stress concentrations in the molybdenum during

pressing
3. to increase the ductility in the molybdenum, if possible (this

aspect was discussed together with the sub-supplier):
a. Improving heating system with better controlled temperature
b. Explosive bonding in longitudinal direction only (possible only

with the full scale PDP prototype)
4. verifying integration with further manufacturing processes of

the PDP: the electrodeposition technology has the restriction
that it is not efficient with geometries that have hollow sharp
edges.

In order to save time and money it was decided to produce
full scale prototypes of the part of the PDP located around the
driver-hole (see Fig. 1), where most of the manufacturing issues
are concentrated.

Fig. 2 shows an overview of all manufacturing steps for the
production of the PDP; the same has been followed for the PDP
driver-hole prototype, but steps 5 and 6.

3. Production of the clad plates

Tensile tests have been carried out on the molybdenum sheet
in order to verify its actual mechanical properties. Ultimate tensile
strength (UTS) and final elongation are around 770 MPa  and 23% in
longitudinal direction (with respect to the lamination) and 820 MPa
and 14% in transverse direction.

The explosion bonding was carried out with the molybdenum
plate heated up to 150 ◦C in order to guarantee the ductility of
the sheet. The error on flatness was below 5 mm  after explosive
bonding. In order to correct the flatness, the plates were firstly
sandwiched in 6 mm steel plates and heated up to 400 ◦C. Then
they were pressed iteratively by changing the positions of metal
blocks in the press. As a result, the error on flatness of the plates
remained below 1 mm.

Fig. 2. Schematic representation of the manufacturing sequence of the PDP. Step
nos. 2 and 3 may  be reversed. Step nos. 5 and 6 were not included in the prototype
manufacturing, object of this paper.

4. Design by FE analyses of the driver-hole rim warm
forming

Before starting with the design of the pressing operation, the
forming process of the previous project was analyzed by FEM sim-
ulations in ANSYS/Autodyn®. The results are plotted in Fig. 3 and
gave a reference for the improvement of the forming process.

The shape of the driver-hole finger has been re-designed accord-
ingly to the aims listed in Section 2, and analyzed in order to verify
the improvements, step by step. As consequence of this study the

Fig. 3. Axial-symmetric FEM simulation of the drive-hole rim warm forming, as
it  was  in the first design stage. Contour plot of the actual strain (red = 30%). (For
interpretation of the references to colour in this figure legend, the reader is referred
to  the web version of the article.)
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