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Project Objective: Development of an integrated thermomechanical and microstructural model
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Microstructural and Thermomechanical Coupling
316L Composition: 18Cr-14Ni-2.6M0-0.03C-1Mn (wt%)
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Heat Transfer Analysis _q-n=gq =knownons,
ABAQUS: FEM Analysis lomm '

« Energy balance, constitutive equations ‘

« Latent heat, convection and radiation .

» Quiet element method ! kyyier = cquier = 0

« Heat input model: Double ellipsoid volumetric source heat

input 21 P=195W, v =20mm/s, idletime = 10s
Material data: U —330k] —8030kg
aterlal Gata: fatent kg ,p - m3 substrate 14.omm
Temperature (°C) 26.85 636.85 1226.85 2126.85
Thermal conductivity k (W/m/°C)  13.9 23.3 32.8 19.6 )
Specific heat c (kl/kg/°C) 0.498 0.578 0.658 0.769 |1,
Boundary conditions: h =30 \2/\2 , H =630 \2/\2 , ¢=05 T,=27°C
m"°C m"°C T =knownon S,

[1] Michaleris, P. Modeling metal deposition in heat transfer analyses of additive manufacturing processes. Finite Elem. Anal. Des. 2014, 86, 51-60, doi:10.1016/j.finel.2014.04.003.

[2] Goldak, J.; Chakravarti, A.; Bibby, M. A new finite element model for welding heat sources. Metall. Trans. B 1984, 15, 299—-305, doi:10.1007/BF02667333. 4
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Temperature History Plots

element

activation
2400 :l T ' T T Im T 71 || T 7 |I TrT l T T I T T T || T 7 I T ||I|| 7T T T |- 2400 :""l""l""'l Il‘l l['lll'lllll'll 'll' lll'll'lll'l:
2200 _ Node 10023 _f 2200 _ NDde _0116_5
2000 - 3 2000 [ E
1800 [ 3 1800 [ E
—_ : g E 1st :
T'1600 1 Dok E
© 1400 [ 1 o400 8
= L o L -
2 : 4 = : ond .
S 1200 3 S 1200 £ -
2 : ; o ; 3rd 1
='1000 | 3 E1o000 F 4thl 5
800 [ e 7 = 800 | \ 3
[ [Poac. | = Y ]
600 F l&;\\\\ 3 600 f- 3
400 f k& E 400 [ E
200 h& L 200 | 3
O :l L. lll L1l lm L lll - l] Lk llll - l L 11 l 1 | l i | il l LUl 1 Il ll: O B - —— : e - : | —— l: : l: Ll 1 I AL 11 I L 1l ll Ll Il Ll l LUl 1 Ll l:
0 10 20 30 40 50 60 70 8 90 100 110 0 10 20 30 40 50 60 70 80 90 100 110

Time[s] Time[s]



Department of Mechanical Engineering
University of Thessaly

Microstructural Analysis Results

Equilibrium Solidification
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Solidification model comparison
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Evolution of Phase Fractions
activation
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Evolution of 6-Fe during Thermal Cycling
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Evolution of Phase Concentrations

Final segregation profiles Cr, NI microsegregation after each cooling
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Thermal history - Microstructural evolution
—

Key parameter for solidification Diffusion kinetics

Freezing range
Processing parameters (e.g., Cooling rate) mes) {
Cr & Ni Segregation

Thermal cycling effect ) Microsegregation decrease

Phase fractions and constitutions can be provided as input for the mechanical analysis to calculate
the residual stresses and distortions
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