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Executive summary

Additive Manufacturing (AM) is widely used in the manufacture and repair of metallic
parts. The process provides a means for components of intricate geometry to be
manufactured using a laser beam with material being delivered into the laser path on
the desired substrate. Parts produced by AM commonly present poor surface quality
and wide dimensional accuracy; thus, machining processes are required to obtain
optimal surface integrity. Surface properties have an enormous influence on features
such as dimensional accuracy, friction coefficient and wear, thermal and electric
resistance, fatigue limit, corrosion, appearance and cost. Hence, optimum surface
integrity is crucial for the proper functionality of machined workpieces.

SuPreAM project aims at optimizing surface integrity of AMed + machined steel
components to reduce manufacturing expenditures at the steel industrial sector through
the minimization of scrap and avoidance of re-processing loops. Predictive models of
finishing operations will be developed considering the influence of AM technology and
steel grades, machining operations, strategies and process parameters on machinability
and surface properties of AMed components, enabling the identification of main
variables affecting surface integrity. Two novel numerical techniques will be developed:
(1) the Particle Finite Element Method for the study of AMed machined steels and (2)
an adaptive Multiphysics Finite Element Method to model Electro Discharge Machining.
AM parameters will be adjusted for a new quality of lean maraging steel.

This deliverable establishes the most important process parameters to be considered
throughout the technical developments of the numerical models, and it defines the
expected output results. This task is intended to design the Graphical User Interfaces
(GUI) used to inform the simulation software used to analyze the machining processes.
Therefore, apart from the definition/import of the geometry and the corresponding
meshing operation, it is important to define the necessary machining process
parameters as well as the structure of the material to be considered. Inputs (process
parameters, material properties) needed, and Outputs (roughness, residual stresses,
defects) required for the software solvers (cutting machining and EDM processes).

The objective is to generate an industrial oriented GUI, which makes use of the same
terminology and the same flow rule as the actual industrial processing. The GUI will be
used to inform the software modules allowing for a sensibility analysis of the different
process parameters on the final surface finishing. In the context of this Task 2.5, it will
be defined how the GUI will handle the execution of FEM and PFEM solvers, both
correlated with tests cases performed in WP4 (T 4.1.6) and WP6 (T6.1 and T6.2).

This deliverable is part of the of the “WP2: Definition of requirements, AM materials and
process-chain implementation” and it reports the work of the “Task 2.5 Definition of
software inputs/outputs and requirements” the leader is CIMNE with the participation of
all partners of the consortium. This task started in month 4 and ended in month 15. This
is one of the early-stage deliverables of the work plan, so it does not contain information
from previous deliverables.

The work presented in the deliverable is needed for the development of numerical
methods and techniques of WP4. The GUIs are used to build simulation cases and
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generate the inputs of a computational code to be executed. Without the GUI, the code
itself is only available for the developer who can set the proper input files with the
required parameters for the software to be executed. The required outputs for the
simulation to calibrate, compare and generate a tool to predict the surface integrity of a
machined additive-manufactured piece has also been selected. The results will be used
and needed to perform several tasks of the SuPreAM project in work packages WP4 to
WP6.

The methodological approach has been based on a prediction-correction method. The
definition of most of software's requirements is imposed by the simulation method.
Some of them are just numerical parameters concerning the simulation technique, but
others are directly dependent on the material and process to be studied. In this case the
scope is into additive manufactured materials. So, industrial and experimental partners
defined what feasible tests can be performed and what models can be used (or are
more suitable to be used) in real engineering practice. Several proposals were
discussed during the following meetings, and meetings concerning WP2-WP5. Different
possibilities for material models, material probes geometries, additively manufactured
procedures, calibration tests for materials and for machining.... A lot of options have
been considered and compared extensively. All decisions taken finally allowed to
converge in establishing a reduced set of parameters for each one of the machining
processes CM (Conventional Machining) and EDM (Electro Discharge Machining). In
both modelling techniques, the set of inputs can be classified in 3 main points: (1)
geometry, (2) thermo-mechanical material parameters and (3) machining operation.
Each one of the points will start with the simpler definition of the input for minimum
accuracy with the possibility to be extended and customized to cover more complex
cases.

One of the most relevant results of this deliverable is that a first prototype of the

graphical user interfaces of the simulation software has been developed. Next figure
shows the drop-down tree menu for each modeling software CM and EDM:

EDM

Most incoming and running tasks are now working with this in mind and looking for
solutions that can be compared to the modeling results
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