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Melt Pool scale (~25 mm) :
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Predict distortions/residual stresses induced by 
wire-arc additive manufacturing process (MAG-
CMT) based on process parameters

WAAM: manufacturing parts by molten metal deposi?on  → 
induce distortions/residual stresses 

Numerical modelling: predict distortions/residual stresses of a 
part build of 316L stainless steel only based on process 
parameters (no volume heat source) 

Introduction and Goals

Multiscale Modeling with Scale Transition

Results – Melt Pool Scale

Fluid Flow Heat Transfer

Level Set Heat Transfer Solid Mechanics
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Fluid Flow

Mass and momentum 
conservation

Heat Transfer

Heat Input : Dirichlet condition 
→ imposed temperature Td = 2500 K
(Pointwise Constraint operator)
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Material properties

Part scale (~130 mm) :

Heat Transfer

Thermal field from melt pool 
scale used as input
General Extrusion + Pointwise 

Constraint + Withsol operators

Solid Mechanics

Strain partition (small-strain assumption):

Lemaitre-Chaboche visco-plastic model [1]:

Linear brick element with reduced integration

Experimental setup: Cambon’s study on WAAM (316L) [2]

Material addition

Level Set interface from melt pool 
scale used as input
General Extrusion + Withsol + 

Activation operators

Results – Part Scale
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FIGURE 1 - Temperature field [K] à t = 6 s

FIGURE 2 - Fluid velocity field [m/s] à t = 6 s

x

z

FIGURE 4 – Longitudinal residual stress ��� [MPa] with final distortion (x10)
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FIGURE 6 – Longitudinal residual stress 
��� [MPa] along S1 line
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FIGURE 3 – Melt pool dimensions à t = 6 s
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FIGURE 5 – Displacement of point W0 
during deposit

melt pool scale

Calculation times (14 cores):
Melt Pool model: 50 h

Part model: 17 m (Heat Transfer) + 1 h 
15 min (Solid Mechanics)


