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INTRODUCTION

❑ Selective laser melting (SLM) is a laser based 

additive manufacturing process.

❑ Mechanical properties and surface finish depend 

on process parameters and hence their optimization 

is significant.

OBJECTIVES

❑ Develop a numerical model to simulate simultaneous melting and solidification 

of binary alloy during SLM process.

❑ Study the effect of various laser speed, laser spot size, layer thickness and initial 

solute concentration on solute segregation 

❑ Develop a numerical model to predict grain structure evolution during SLM 

process.

❑ Study the effect of process parameters on grain size, grain density and grain 

morphology

where, 𝐶𝑚𝑖𝑥 = 𝐶𝑆 𝑑𝑓𝑠 + 𝑓𝑙𝐶𝑙 = 𝑓𝑠 ҧ𝐶𝑠 + 𝑓𝑙𝐶𝑙 (solidification)

𝐶𝑚𝑖𝑥 = 𝑓𝑠𝐶𝑠𝑡𝑜𝑟𝑒 + 𝑓𝑙𝐶𝑙 (melting)

Effective conductivity of  powder bed

𝑘𝑒𝑓𝑓 = 𝑓𝑙𝑘𝑙 + 𝑓𝑠[ 1 −∈ 𝑘𝑠 +∈ 𝑘𝑎𝑖𝑟]

Buoyancy effect at top surface        𝜇
𝜕𝑢

𝜕𝑦
= −𝜎

𝜕𝑇

𝜕𝑥

A. MACROSCALE ANALYSIS

A1. Problem Description

❑ Domain: Rectangular (2D).

❑ Fixed domain with moving 

Laser. 

❑ Moving Gaussian heat flux to 

account laser.

❑ Modified enthalpy-porosity method

to simulate simultaneous melting and 

solidification.

❑ Powder layer is modelled using equivalent thermal conductivity and porosity 

approach.

❑ Convective and radiative heat transfer at all boundaries.

B2. Mathematical Model
Interface position calculation

𝛥𝑇𝑡 = 𝑇𝑖 − 𝑇𝑏 ; 𝛥𝑇𝑐 = −
𝑇𝑚𝛾(θ)κ

𝐿

𝛥𝑇𝑠 = −𝑚(𝐶0 − 𝑉)

𝑇𝑖 = 𝑇𝑚 −
𝑇𝑚𝛾(θ)κ

𝐿
− 𝑚(𝐶0 − 𝑉)

κ = 𝛻.
𝛻𝑓𝑙
𝛻𝑓𝑙

=
𝑓𝑙𝑦
2𝑓𝑙𝑥𝑥 − 2𝑓𝑙𝑥𝑓𝑙𝑦𝑓𝑙𝑥𝑦 + 𝑓𝑙𝑥

2𝑓𝑙𝑦𝑦

(𝑓𝑙𝑥
2 + 𝑓𝑙𝑦

2 )3/2

𝑑 𝜃 = 𝑑0 1 − 15ε𝑐𝑜𝑠4 𝜃 − 𝜃𝑟𝑎𝑛𝑑 ; 𝜃 = 𝑡𝑎𝑛−1(𝑓𝑙𝑥/𝑓𝑙𝑦)

Undercooling:

Interface 

temperature:

where,

Nucleation model

𝑑𝑛

𝑑(𝛥𝑇)

=
𝑛𝑚𝑎𝑥

2𝜋𝛥𝑇𝜎
𝑒𝑥𝑝 −

1

2

𝛥𝑇 − 𝛥𝑇𝑚𝑒𝑎𝑛

𝛥𝑇𝜎

2

B3. Results

A2. Mathematical  Model

Continuity equation 

Momentum equation
𝜕(ρV)

𝜕t
+ 𝛻. ρV. V = 𝛻. μ𝛻V −

𝜕p

𝜕X
+ S

Energy equation 
)𝜕(ρT

𝜕t
+ 𝛻. (ρVT) = 𝛻. (

k

c
𝛻T) −

1

c

𝜕

𝜕t
ρΔH + 𝛻 ⋅ ρVΔH

Species conservation equation   
𝜕(ρCmix)

𝜕t
+ 𝛻. ρVCl = 𝛻. D𝛻Cl

B. MICROSCALE ANALYSIS

B1. Problem Description

❑ 2-D rectangular domain.

❑ Laser energy is applied through 

moving Gaussian heat flux

boundary condition on top surface. 

❑ Hypothetical binary alloy.

❑ Simultaneous melting and 

solidification due to moving melt 

pool.

CONCLUSIONS

❑ The macroscale model is used to study melt pool dynamics during SLM, in 

which important mechanisms such as solute segregation, thermal and solutal

buoyancy, Marangoni effect are captured by the model.

❑ Multilayering mechanism has been implemented in this model and studied  

variation of solute segregation with different parameters. 

❑ The microscale model captures simultaneous melting and solidification, 

micro-segregation and buoyancy and surface tension driven convection.

❑ The effect of laser direction on grain orientation is captured.  
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𝛻. (ρV) = 0

Laser direction

Laser direction

Liquid fraction Temperature

Grain structure Solute concentration

❑ In addition to flow model, melting and solidification model, here nucleation 

model and interface positioning method is used.

Liquid fraction Temperature Solute concentration

Laser power = 100W Laser power = 150W

Laser spot radius = 0.20mm Laser spot radius = 0.30mm

Initial solute concentration = 5% Initial solute concentration = 20%

Layer thickness= 0.4mm Layer thickness= 0.6mm
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Solute concentration


