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Background
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Thermal Stress

» The part distortion;

» Loss of geometric tolerance;

» Delamination of layers during depositing;
» Deterioration of the fatigue performance;
» Fracture resistance.

Prediction

n
J

() Trial-and-error:

J Assumptions & Analytical calculations;
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(J Over-simplified Thermal-mechanical simulations.

* Li, C., et al. "Residual stress in metal additive manufacturing." Procedia Cirp 71 (2018): 348-353.
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—Maero-seale (Part scale}modelling

Part distortion prediction & stress concentration
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—Meso-scale (Powder-scale)modelling

Thermal-fluid flow simulation
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Aan

Inermal-fluid flow effects (

4 | MELTING PHENOMENA

Absorption
or.reflection

Markl M et. al.)

Gravity

Powder layer

Sintering

of Singapore

24 VOldS

< Surface roughness
» Cracks
» Grain growth

» Dislocation

(Neil S. Bailey et al.)

SDV_MARTENSITE
(Avg: 75%)

Tth track

2
3
3
8 2nd layer
]

S 1st layer

* Markl M, Kérner C. Multiscale modeling of powder bed—based additive manufacturing[J]. Annual Review of Materials Research, 2016, 46: 93-123.
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TEMP
(Avg: 75%)
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Temperature
distribution
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Spatial interpolation: Temporal interpolation:
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High-fidelity multi-physics modelling ~ yrivasoia
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* No activation or deactivation; ,
Quiet elements

* Field variables for different state;

* High flexibility;

* Easy implementation.

Quiet element

Molten pool

Material states  Young’s modulus(Pa) Poisson ratio Thermal expansion coeflicient(1/K)

Solid 1.82% 10 0.31 9.2%107°
Liquid 1x10% 0.001 9.2%x107°

Air 1x10* 0.001 0




Results and discussion g;zyof;sggicaﬁm@ NUS
- Temperature mapping result @ Bppeoaiic:

Von-Mises stress evolution (CFD-FEM simulation)

Mises-stress evolution (thermo-mechanical
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‘Comparison

Temperature distribution

Temperature(K)

1928
1840
1752

CFD-FEM simulation (#=0.00575 s)

1664

T

hermo-mechanical simulation (#=0.00559 s
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Von-Mises stress

Mises Stress(MPa)

CFD-FEM simulation (#"=0.00655 s)

Conclusion  xGeometrical features

*Peak temperature

*Molten pool size

Thermo-mechanical simulation (7'=0.006387 s)

*Stress distribution
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» Magnitude

> Trend

Node D released by melting
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Single track experiments
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The experiments are conducted by Vrancken et al.[1] (euse under cC-BY 4.0 license)

X-stress (MPa) (by CFD-FEM simulation, P=60 W, v=500 mm/s)
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B. Vrancken, R. K. Ganeriwala, M. J. Matthews, Analysis of laser-induced microcracking in tungsten under additive manufacturing conditions: experiment and simulation, Acta Materialia (2020).
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Snapshots in 4 stages

X-stress (MPa) (by CFD-FEM simulation, P=60 W, v=500 mm/s
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t;” -- the heat 1s ready on the left side;
t,’ -- the track 1s being fabricated;

;> -- the track has been formed but IO
the observed region has not cooled
down;

1+’ -- the material has almost cooled

down.
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B. Vrancken, R. K. Ganeriwala, M. J. Matthews, Analysis of laser-induced microcracking in tungsten under additive manufacturing conditions: experiment and simulation, Acta Materialia (2020).
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Single track experiments el

Snapshots in 4 stages
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: experiment and simulation, Acta Materialia (2020).

B. Vrancken, R. K. Ganeriwala, M. J. Matthews, Analysis of laser-induced microcracking in tungsten under additive manufacturing conditions




Other applications

Direct energy deposition
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Thompson S M, Bian L, Shamsaei N, et al. An overview of Direct Laser
Deposition for additive manufacturing; Part I: Transport phenomena,
modeling and diagnostics[J]. Additive Manufacturing, 2015, 8: 36-62.

CFD temperature field:

temperature of fluid

M 300.000
300.000
300.000
300.000
300.00
300.00

. 300.000

VIRTUAL Solid
Freeform Fabrication

)

NUS

National University

- Coupled CFD-FEM model.

{Avg: 75%)
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1620.2198242
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1053.6113281
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298.0000000

Mises-stress evolution:

S, Mises
(AVg: 75%)

1188.7550814
1099.6929932
9906299438
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£94.3779907
495.3149719
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198.1259918
99.0629958
0.0000000
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Origin of high-density dislocations in additively manufactured metals

Major finding on the origin:
x_Previously proposed mechanisms (cell solidification or nanoparticle blockage).
 Repeated compression-tension cycles of thermal stress

Experiments: high-density a’zslocatzons in AMed copper Simulation of temperature and thermal stress

T hermal-fluid flow simulation CFD-FEM simulation

X-X stress component Y-Y stress component

A—>B — Point to point
= Point to origin

10 40
Distance (nm)°"
AN

2Z.U | Wang, Ge, Heng Ouyang, Chen Fan, Qiang Guo, Zhigiang Li, Wentao Yan*, and Zan Li. "The origin of high-density dislocations in additively manufactured metals." Materials Research Letters 8, no. 8 (2020): 283-290.
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