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ADDITIVE LAYER MANUFACTURING (ALM)

Shaped Metal Deposition ALM:

The desired shape is achieved by 
welding a continuous metal wire 
onto a substrate

Larger deposition rates

Accepts dissimilar materials

Large heat affected zone

Powder-Based ALM:

Selective Laser Melting (SLM)

Electron Beam Melting (EBM)

The parts are built-up by locally 
melting a thin layer of metal powder

High accuracy

Localised heat affected zone

Slow build up time

Layer 1: Neat first deposit

Layer 2: Visible sliding of molten layers

Layer 6: Observable distortion in substrate

Top: Hollow sphere built with a 
3D lattice

Bottom: Calibration specimen 
used for FEA modelling of 
Powder-Based ALM



3

WHY MODEL ALM PROCESSES?

ALM processes are not fully understood 
due to their complexity

Many heat cycles are involved, which 
remove/overwrite temperature history

Complicated microstructure evolution of alloy 
materials

Undesired distortion and residual stresses

Modelling can help identify:

A suitable calibrated material model

Methods to reduce residual stresses and distortion

Through parametric studies of key process 
parameters, which can include heating or cooling 
effects

http://additivemanufacturing.com/2013/03/25/scia

kys-dm-solution-game-changing-technology/
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THERMOMECHANICAL MODEL

Domain ODE + previous solution
The field variable controls the ñactivationò of the newly 
molten material based on the tool position and current layer 
height; maintaining it active once the pass is complete 

Heat Transfer
Moving heat source

External convection/radiation to the environment

Structural Mechanics
Clamping and unclamping of the part

Elastoplastic material model

Thermal Expansion Coupling

Sequentially-coupled
Activation Ą Heat Transfer Ą Structural Mechanics

Figure 1: Component temperature 

and active elements during the 

build up

Figure 2: Residual stresses after 

release (Von Mises)
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HEAT SOURCE MODELS

a) Surface Disk Source

b) Goldak Double Ellipsoid Source

c) Conical Heat Source
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MATERIAL PROPERTIES (THERMAL)
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MATERIAL PROPERTIES (STRUCTURAL)


