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Scope Model Calibration

Wire filler material Model calibration using non-linear least-squares method

= Wire arc additive manufacturing
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- Small cooling rates Electric arc Base plate

Experimental data d

- High energy input Model response OLS(SLS(ﬁ)) ‘—) Finite element simulation ‘

- Multi-material design Parameters B ={c1, 2, c3}"

Experimental setup — three-layered vertical wall

= Cooling times required to prevent overheating of the structure 1w 100 y
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— Unwanted part properties

— Extended process time

=% Numerical model
= Symmetry in e3-direction
* Goldak’s double ellipsoidal heat source

= Ansatz for convection on free surfaces
— Cooling time h(©) = c; tanh(c©) + c3

—> Provide a numerical tool for process parameter optimization

— Welding velocity
Calibration result and uncertainty quantification

.. . — 77 finite element simulations " [ [ | L
Opt| mi Zat| on PrO b I em required during calibration Y s
s~ o | B 200
parameter value £+ uncert. dimension = 300} | 5 —_— g
" 150
: : : 1 318 + 11 Wm 2K D Lol
Transient heat conduction equation o 96x10542x10 1 °C ~ i 100
p(f)cp(@)@(f,t) — — div Ej(f, t) 4+ T@(if,t) c3 5.2+0.6 Wm2K-! 0 | , , | | i < 52 N
0 20 40 60 80 100 120 0 250 500 750 1000 1250 1500
E . . . . y tin s @ in OC
o© Constitutive equation (Fourier's model)
S §(Z,1) = —r(O) grad O(Z, 1)
s ’ Results
% Boundary and initial conditions o _ o
> O(Z.1) = O(Z. 1) on A®(t) Penalty objective function for process parameter optimization
§  q@n-A@ =) AW Fo=w Y (MDA - p( Aty — A+ p(AD — Aty + p(~ALD)
- —/ = — /= — — S ~ o~ ~ 7 ~ o~ . 7
8 Q(CC, t) . ’I’L(QE‘) - Q(@(QC, t)) ot Aq(t) Z_\}velding andvcooling time constraint rzax. welding constraint ;in. welding Constrair:g positive
c:; @(f, t()) — @O(f) at tO per layer velocity 1 velocity cooling time
z ' ' at + D(OSL(S(R) ~ Ay ) +106 D Y (O (S(K)) ~ Ou e |0 de<o
= Convection and non-linear radiation AN TEA 8/5max] | THO D ing AR b max A T
_ j=1 =
7(0) = h(0) (6 — O) + 0¢(0) (6 — 6%) \ — — g
. constraint layer cooling consﬁéiggrﬁtfiayer
—> Geometry evolves during the process | |
Parameters K = {At‘(};’)’ At((:@)}T VUw,min Uw,max A158/5,ma1>< @int,max
1 5mms~t 10mms~! 20s 180 °C

Weighting factors w; =s" ', wg = °C™!

Spatial discretization with finite elements
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—> Control energy input during process

—> Gradient-free optimization using Nelder-Mead Simplex algorithm = Further development of modelling capabilities
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- Heat source model

- Complex welding paths
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