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Motivation

 Numerical description of
electromagnetics in ANSYS Fluent

o Simulation of welding processes
- Extending process comprehension

 Multiphase simulation and
electromagnetics
- Welding processes considering material transition
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Models needed for Gas Metal Arc Welding
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Agenda

e Simulation of multiphase flow
- Volume of Fluid
- PLIC and Compressive

 Magnetohydrodynamics in ANSYS Fluent
- MHD-Module provided by ANSYS Fluent
- Improved model

o Simulation of Welding processes
- Comparison to ANSYS CFX
- Multiphase welding process
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Multiphase Simulation

e Volume of Fluid method

» Each phase described by volume fraction F;
transport equation for F;:

aFa_;Pi +V- (Fipiiz) = _MVap
« Implicite or explicite calculation possible
« Changing topology on steady mesh

— No remeshing

— Nearly every topology possible

+ Surface tension

Vof function in flow field
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Implicite and explicite multiphase calculation

o Explizite
- Fast and precise _

- Geometric phase interface
reconstruction possible
(Geo-Reconstruct / PLIC)

- Small timestep

Original phase interface

* Implizite

- Large timestep

- Compressive phase
interface calculation

o Compared to experiments of
D. H. Peregrine

Interface Compressive Interface Geo-Reconstruct
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1.2 ms

a N \
experiment explicite implicite
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3.5ms

experiment explicite implicite
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4.2 ms

\ .
experiment explicite implicite
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Magnetohydrodynamics - Equations

« Maxwell equations

V-B =

- 0B
VXE_—E
V'l_j:pe
UxH=7+2

*  Ohmiclaw
J=0(-Ve+UxB)
« Lorentz force
fL=7%xB
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Magnetohydrodynamics in Fluent

Magnetic Induction
Method

Electric Potential

Equations for
magnetic field

Boundaries:

Magnetic boundary
condition

04.07.2013
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Method
_ Boundaries:
Equation for _
eletric field Electric boundary
condition
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Electric Potential Method

« Equations
VoV =V - (U x By)
j=0(~Ve+UxB,)

— . —

fL =17 X% By
1,52

qe = — |j | MHD Motor with external magnetic field
g

* No magnetic field due to electric current density

« Applicable for problems with dominating extern magnetic field or
without one

« Example: Hartmann flow, heating due to electric current
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Magnetic Induction Method

Equations

5+(U-V)B=ﬂ—ﬁ_t7'23+(3-17)U

]:;VXB

fu=JxB
1,

Qezglflz

* No electric field due to electric current density
* No electric boundary condition possible

« Applicable for problems with dominating extern magnetic field and
without electric boundary conditions

« Example: Magnetohydrodynamic stirring
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New Approach

« Equations
VoVp =V - (U X By)
V-VA=—uj
B=VxA+B,
j=0(~Ve+UxB,)
fi=7xB

1,-
qe —— |] |2 Magnetic field due to current in conductor, ,Right Hand Rule*
4]
* Equations and boundary conditions for magnetic field and electric
potential

« Calculates magnetic field due to electric current density
e Lllsina the methods for LINS and LIDM in ANSYS Fluent

04.07.2013 ANSYS Conference & 31t CADFEM Users' Meeting 2013 Folie 14
June 19-21, 2013 - Rosengarten Mannheim



TECHNISCHE
UNIVERSITAT
DRESDEN

Simulation of welding processes

o Simplified GMAW process with solid geometry
e Comparison to the MHD module in ANSYS CFX Opening

« Rotational symmetry nlet Nozzle /
- 2D geometry in Fluent \

- 6° geometry in CFX
* Boundary conditions

- Electric potential: 3V Calculation area
- Gas flow rate: 12 |
Anode
Cathode
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Simulation of welding processes

CEX Fluent
Current [A] 94.57 93.05
Force
Workoi N 0.0017747 | 0.001822 f =
Or plece[ ] 0 ¢ & 8707 e b e s o % Q\arﬁrﬁ-ﬁrﬁﬁs“@c@é;\‘\‘\” 0 ¢ 6 0% o eeodbhiy
h m I L Velocity [m s™1] Pressure [Pa] Velocity [ms~-1)
Ohmic Loss 283.1 279.8
[W]
Power
(W] 283.71 279.15
= U*|
Resistan
esistance | 317 0.326
[Ohm]
radiation [W] 153.8 155.2 SN SR
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Geometry multiphase GMAW

shielding . .
gas Welding wire
r gﬁ 1T
_ H Hf%,:; e

opening Bases jﬁ’aﬂ g

E | :ZZ}

S

N i
— HEH
i

axis
20 mm
cathode
: Wire electrode with temperature distribution
Calculation area
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GMAW with multiphase

STl | s % © 3 %
S

Temperature [K] Velocity [m s*-1]

Simulation of a multiphase GMAW model, arc after ignition (left), arc after melting (right)
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Influence of metal vapour

Temperature [K] Velocity [m s*-1]

Simulation of a multiphase GMAW model considering metal vapour,
arc after ignition (left), arc after melting (right)
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Conclusion and lookout

* Implementation of a new module for MHD
o Successfully calculated welding arc
 Welding arc combined with multiphase simulation

« Considering vapourization for realistic temperature
distribution and droplet formation

e Future:
- Coupled model with workpiece
- Predict the impact of the plasma gas on the seam quality
- Predict the impact of the power source on the seam quality

04.07.2013 ANSYS Conference & 31t CADFEM Users' Meeting 2013 Folie 20
June 19-21, 2013 - Rosengarten Mannheim



TECHNISCHE
@ UNIVERSITAT
DRESDEN

Fakultat Maschinenwesen I0OF Professur Fligetechnik und Montage

Thank you for your attention

04.07.2013 ANSYS Conference & 31t CADFEM Users' Meeting 2013 Folie 21
June 19-21, 2013 - Rosengarten Mannheim



