Additive Manufacturing inherent strain calibration strategy
based on high-fidelity finite element models
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ABSTRACT

Residual stress and part distortion are still critical issues in Additive Manufacturing (AM) of
metallic parts since they prevent the technology from being implemented at industrial level.
Thus, distortion prediction even from the design stage has become a standard in the way of
obtaining high quality parts at first time.

Simulation tools based on numerical methodologies play an important role in this field. Although
several modelling approaches have been developed so far, the most computationally efficient
methodology to predict part distortion is the so-called inherent strain method [1 2, 3, 4, [5]. It
consists of an elastic Finite Element (FE) analysis where the deformation is induced by user-
defined inherent strain. This approach is very compelling from a computational point of view
since time-consuming thermo-mechanical simulations are avoided. Additionally, this simulation
method is implemented applying the inherent strains at layer or even layer-compound level
leading to even more efficient prediction tools.

The key factor at this methodology is the procedure of determining the inherent strain tensor
library which are responsible of the formation of both residual stress and distortion. Hence,
there are mainly two approaches to determine these characteristic strains as proposed in Com-
putational Welding Mechanics [6]: (a) Reduced order methods (i.e. multi-scale or local-global
approach); (b) Empirical approach.

The empirical approach has already been described and implemented in a previous work carried
out by this team [7]. Regarding the reduced order models, they are based on an hierarchical pro-
cedure whereby inherent strains are predetermined through high-fidelity FE models [8], [3], 9} [4].
A coupled thermo-mechanical analysis is conducted considering the actual scanning strategy se-
quence by a moving heat source representing the power input. As a result, all strain components
can be accurately computed and corresponding inherent strains calculated. Hence, this proce-
dure can be repeated at local level for different scanning strategies and once a library of inherent
strains is constructed, they are directly applicable at global real part models. This is a very
promising and fully predictive way of determining inherent strain tensor with low dependency
from experimental data.

However, the definition of representative local models is not straightforward. Neither the local
model set-up nor the mapping strategy between local and global models are not clearly defined
yet. Some of the critical set-up parameters are listed below:

e Model size: dimensions of the local model, taking into consideration it must be computa-
tionally affordable.

e Number of layers: minimum number of layers to consider.

e Boundary conditions.



e Local model validation procedure based on experimental results.

e Inherent strain definition. The inherent strain somehow should consider the layer lumping
simplification carried out in global models.

Very limited literature is available regarding this multi-scale calibration approach to determine
inherent strain in AM processes. Therefore, in this study a preliminary strategy for this calibra-
tion methodology has been established analysing the effect of each parameter on different strain
fields. Inherent strains obtained by the empirical approach has been taken as reference values.
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