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CONTEXT
Decomposition in layers

https://www.additively.com

Building process

Choice of building parameters : laser path, speed, power

Evaluation of the process
drawbacks in the item’s 

quality (thermal expansion, 

residual stresses, …)

evaluation of the process’s 

speed (kinematics)

OBJECTIVE

Optimize the laser path to improve both the 
mechanical and kinematic properties of the 
process, without basing it on any pattern.

Existing laser paths based on predefined patterns. Why are these patterns chosen? Are they optimal? Why not these?

STEADY CASE (source applied on the whole path : heating thread)

G. Allaire and al., Shape optimization of a layer-by-layer 
mechanical constraint for additive manufacturing, C. R. Math. 
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Constraints to satisfy :

• change of state

• thermal expansion
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Heat Equation :

Optimization problem
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Shape optimization
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Results (Values from L. Van Belle, Analyse, Modélisation et Simulation de l’apparition de
contraintes en Fusion Laser Métallique, Lyon, INSA, Nov. 2013)

Fusion of the whole rectangle: 1700 < & < 2000 Fusion of a cantilever: 

Future work 
• Adding constraints

• Allow for splitting a path and gathering paths

• 3D optimization: consider the evolution of the path depending on the layer

UNSTEADY CASE (source moving along the path)

• fixed velocity m (constant along the path)

• fixed power O (constant along the path)

• final time fixed 49 (length of the path fixed)

Assumptions Optimal control problem
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Results 

PERSPECTIVES

Future work 

• Optimizing with respect to the final time

• Same work than for the steady case

• coupling the shape and path optimization

• optimizing a line in a 3D domain
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Initialisation: path 

winded on itself, 30 tours

Result
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