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The appropriate welding techniques to be adopted for the assembly
sequences of the 12 sectors of the Plasma Chamber, are described. The
last welds, joining two assembled 1807 sectors of the plasma chamber,
need to be carried out automatically, at the inside of the Chamber,
cuided and controlled by the remote handeling system. The deforma-
tions and the displacements due to these welds have to be very limited
m order to comply with the design geometry of the closed torus and
its functions (e.g. support of the First Wall structure). Numerical sim-
ulation of the relevant welding processes have been carried out. Two
different welding techniques have been chosen.,

—Laser welding for the junction of 4 mm of the thickness of adjacent
sectors of the plasma chamber

—TIG-NG welding with filler material for the remaining thickness
Experimental tests and corresponding simulations have been made, for
both of these weldimg processes, on suitable samples which reproduce
some aspects and geometrical characteristics of the chamber sectors.
The most significant results obtained are described and discussed.

*Sponsored in part by ENEA of [taly and by the U.S. D.OE.

Bull. Am. Phys. Soc. 52(16), 45 (2007)



Numerical Simulation . ) 3 : s
The numerical simulation of an industrial
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The Laser welding technique, as known, is used in order to
assure small displacements, small deformations and residual
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stresses in very limited zones
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3 becomes very important and necessary 4

Plasma Chamber % constituted by 12 equal sectors of nickel-

chromium alloy, INCONEL 625, with a section of “I)” shape, Geometry of each of the
to be be joined by welds in such a way to forin a closed torus sectors to be together
welded
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After some preliminary calculations which made
reference to simple test models in order to single out
the best numerical methodologies to be used,

two models, experimentally realized at ENEA
laboratories, significant as concerns their geometrical
dimensions compared with the ones of Plasma
Chamber Sectors, have been considered just in order
to compare experimenial measures and numerical
resuls.

The numerical simulations have been performed
solving uncoupled thermo-mechanical calculations by
the use of FEM non-linear thermo-structural analysis
code, ABAQUS/S code, generally on PC machines.

This means that for each simulation of a welding
process

Sfirstly, thermal calculation is executed in order to
determine the temperature distributions due to the
welding (Laser or TIG-NG) source and its
movement

subsequently, structural calculation in order to
determine the mechanical response of the welded
pieces as consequence of the calculated
temperature distributions

MF1 Model
Experimental Test
only for TIG-NG —)
welding with filler
material

MF2 Model
Experimental Test for
= both Laser and TIG-
NG welding
techniques

Organization of the simulations

1. Inorderto

imize the calc

i &

very fine mesh discretization in the central zones, the most interested
zones by the (Laser or TIG) source movement

gradually coarser mesh discretization in the external zones
2. In each simulation:

firstly, the heating phase is simulated, that is the source (Laser or
TIG) application and movement

subsequently, the cooling phase is simulated up to reach the room
temperature

3. Sources represented by:

in the case of Laser welding £ volwne sources and/or surface
sources suitably distributed along the thickness of the volume/area
interested by the Laser beam

In the case of TIG-NG welding £ suitable temperature distributions
on the surfaces of the clements representing the drops of filler material 10

MFI Model : Numerical simulation only for TIG-NG welding
process (both pieces externally constrained)

Mesh schematization
and discretization
adopted for the
— numerical simulation

considering the filler
material (general
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Mesh schematization

and discrefization

adopted for the

numerical simulation

as initial geometry
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MF1 Model
Experimental Test
only for TIG-NG
welding £ 15 passes
Jor 15 layers in the
chamfer

; 4
We[ding executed by
hand with medinm
velocity of 7.3 com/min

Final result with the
constrained welded
piece, situation of
interest for Plasma
Chamber Assembly
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Final result with the
constrained welded piece

Maximum displacement in z
direction

MF1 Model
Numerical simualtion of
TIG-NG welding #

I5 passes for 15 layers in the
chamfer

T1G source velocity adopted %
8.6 cin/min
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Equivalent plastic
strain distributions

Other numerical results
(constrained piece)

distributions

&63.8 MPa

Von Mises stress

Maximum value =

Laser Nd-YAG with 2 kW

continuum power sotirce.
Beam diameter = (.45 mm.

Beam velocity = §.33 mm/sec.

Mesh schematization and
discretization adopted as
initial geometry (general
view on upper and lower
parts)

= |

MF2 Model

Nunmerical simulation for
initial Laser welding
process (no gap and both
pieces externally
constrained)

result

£ experimental = 2.0 mm
calculated =24 mm Maximum value =
Maximum fletch in z direction TH g g 21.4 % L_‘mfseuee:s. Tl T R
P2 experimental a= 1.64" R
calculated =113 14
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MF2 Model
(piece welded initially by Laser with
no gap and then by TIG-NG ) Final
experimental




Final numerical
configurations

(details)
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Comparison of the experimental keyvhole form
with its numerical representation

19
Experimental Schematization of %%ag Numerical
displacements MF2 Model displacements
Over-metal of welded central zone
Over-metal 1
Final fletch - TE z
SRR
Over-metal 2 = I
Over-metal 1: Maximum value on the
0.10 mm (at a boundary) Angular upper part 0,22 mm
0.30 mm =0.40 mm (on the remaining displacement @=8’
central welded zone) Maximum value on the
Over-metal 2: lower part £ 0.18 mm
0.10 mm =0.30 mm
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Other numerical results
Equivalent plastic strain

Von Mises stress distributions
distributions
Maximum value = 15.4 7
Maximum value =

597.5 MPa

L:r::%:za’:.‘m:; Rl T e 1 e oo un:EE‘: _'a ::w “;:um" .

L
i

e ey 24




MF2 Model
Subsequent TIG-NG
welding £ 15 passes
Jor 15 layers in the

chamfer

Initial configuration

Welding executed by hand
with medium velocity of 12
cm/min

Final result with the
consirained welded piece,
situation of interest for
Plasma Chamber Assembly

MF2 final
configuration:
welded zone shape
at an internal part
| along the thickness

MEF?2 final configuration:
welded zone shape at an
external side along the
thickness (where each
TIG-NG welding pass
ended)

Numerically, after the simulation of the Laser welding
process. in order to perform the simulation of the subsequent
TIG-NG welding, it has been necessary to pass from the very
fine mesh in the central model zones to a more suitable coarse

mesh :

By a re-mapping the new adopted mesh has been chosen
equal to the one used in MF1 Model, that is:
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MF2 Model

Numerical simualtion of
TIG-NG welding £

1 — = -
Findtiisultwithcibe....
constrained welded piece
Maximum displacesment in z direction

Maximum restrictions in x direction

Maximum fletch in z direction £

15 passes for 15 layers in the
chamfer

TIG source velocity adopted £
12 con/min (as in the experience)

experimental = 2.55 mm
calculated = 2.17 mm

experimental = 2.0 - 2.3 mm
calculated = 1.5 - 2.0 mm

experimental @ = 1.23
calculated @ = 1.04' 28

T Other numerical results
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Von Mises stress
distributions on the
whole model (view

from upper part)
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Eguivalent plastic
strain distributions
on the whole model
(view from upper

part)
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Comparisons of the results obtained for two physical quantities
in the numerical simulations of MF1 and MI'2 models , as
concerns TIG-Ng welding

MF1 MF2 MF2
(Calc- v=8.6 (Calc- v=12 (Cale -v=8.6
cm/min) cm/min) cm/min)
Max.
residual 863.8 MPa 8722 MPa = 862.1MPa
von Mises
Max. final
equiv. 21.44% 20.66% 21.23%
plastic
strains
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CONCLUSIONS

A sufficiently accurate numerical methodology has been singled
out and tested for the simulation of both Laser and TIG-NG
welding processes

The obtained numerical results compared with the made
experiences are generally underestimated; nonetheless, this
underestimation is sufficiently small; in part it depends on:

- the less rigid boundary mechanical constraints in the
experiences compared with the ones adopted in the
corresponding numerical simulations

- the lack of knowledge of material properties and mechanical
behaviour at the high temperatures, after 800 -1000°C for the
numerical calculations and the not automatic execution of

TIG-NG welding for the experience. 1

However, the numerical displacements obtained, in particular
numerical restrictions along the direction orthogonal to the welding
direction, are nearer (in some cases only lightly greater), also
respect to the corresponding experimental values, to the limit
imposed by the project people of IGNITOR Plasma Chamber, that is
2.0 mm. Experimental researches are still needed.

Finally, from the comparison of the final results of MF1 and MF2
Models and from the last table one can note an important resuli,
that is:

- the effects of the initial Laser welding may be
considered negligible respect to the ones due to the
subsequent TIG-NG welds;

- the velocity of the source movement in TIG-NG welding
may influence the mechanical response
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