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AM Heat Transfer

* The localized heating of powder is modeled by conductive heat transfer

C ar _ kV2T +
* Tisthe temperature, tis time, k is thermal conductivity, p is the density, C, is the

specific heat and ¢ is the heat source term
* The thermal interaction between the domain and surroundings can be represented

a5 dT 4
—k% = —h(Tgmp —T) + U€(T4 —Tomp )

* histhe heat transfer coefficient, T ., is the temperature of the environment, € is
the emissivity of the material and o is the Stefan-Boltzman constant
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Melt Pool Simulation

Dilip. Influence of processing parameters on the evolution of melt pool, porosity, and microstructures in Ti-
6AIl-4V alloy parts fabricated by selective laser melting.
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AM Heat Transfer Module
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AM Heat Transfer Module
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Porosity Estimation
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Porosity Estimation
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Distortion and Residual Stress

Surface: von Mises stress (N/m’)

e Residual stress built up in Ti-6AlI-4V AM components
produced by laser cladding process (CLAD) is compared
with inherent strain method.

0.06 5
0.04
0 0.’ m

* In the experimental study of Szost et al., 65 layers of
approximately 0.85 mm high and 250 mm long of Ti—6Al-
4V were deposited on a 250 x 60 x 8 mm baseplate.

* Same geometry has been modeled in COMSOL software.
Compressive inherent strain with magnitude equal to the
half of the ratio of the yield stress over the modulus of
elasticity, at room temperature, have been prescribed in
the longitudinal directions. Dinnerent strain =1.5 mm

Dexperimentar=3.5 mm
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Untitled.mph - AM residual stress module
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AM Residual Stress Module
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Planned Experiments

(PV) Scan Velocity (mm/s)

(400,400) (400,800) (400,1200) (400,1500)

Power (W) (250,400) [5]  (250,800) [6]  (250,1200) [7]  (250,1500) [8]
(100,400) [9]  (100,800) [10] (100,1200) [11] (100,1500) [12]

Hatch Spacing (H) = 140 um Layer Thickness (T) = 30 um

(PV,H=150) [13] (PV.T=40) [15]
(PV,H=130) [14] (PV.T=20) [16]

For each sample:

* In-situ monitoring to obtain melt pool depth, width and length, and temperature history (for
tensile sample)

* (T scan of gage section to obtain porosity and size of defects (for tensile sample)

* Surface roughness measurement of gage section (for tensile sample)

* Microstructure analysis: phase fraction of a and B, a lathe size and prior B size (for tensile
sample)

* Stress-strain curve (for tensile sample)

* Bridge samples to measure distortion (for bridge sample)
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On mechanical properties

Tensile properties

160
------- 150
MPa MPa MPa % MPa %

1 95775
2 101988
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4 98976
5 98015
6 97647
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10 95847
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16 94935
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1144

um
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181.71
160.11
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218.72
196.01
157.34
203.54

Experiments

Scan speed -> grain size
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Microstructure properties
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