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DESIGN FOR ADDITIVE MANUFACTURING —
MATERIAL CHARACTERIZATION AND GEOMETRICAL
OPTIMIZATION
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ABSTRACT

Additive manufacturing (AM) is a more and more appreciated manufacturing technology. This grow-
ing interest is related to the high flexibility of this approach and its capability to produce any geometry,
opening new possibilities. An example is the improvement of the system performances exploiting
lattice and reticular in substitution to the traditional solid design. Despite this premise, in real applica-
tions, part of the benefits is lost due to the inferior performances of the AM steels and the higher costs
of additive manufacturing. In this scenario, the mechanical properties of a 17-4 PH SS produced via
additive technology were characterized with experimental tests. The results were compared with data
concerning the cast material. In this way, it was possible to execute a quantitative evaluation of the
performance reduction. Three components, such as a hip prosthesis, a blow plastic bottle die, and an
automotive gear, were chosen as representative examples. These three mechanical components are
typically produced in quite different batch sizes. The hip prosthesis, the blow plastic bottle die, and the
automotive gear were redesigned (design for AM) via a finite element (FE) approach. The new designs
fulfill the original requirements in terms of strength showing however improved inertial properties.
The original and new designs were exploited to quantify the benefits of introducing AM in different
applications.

Keywords: additive manufacturing, finite elements, optimization.

1 INTRODUCTION
The objective of the present study is to determine the effectiveness of AM technology as an
alternative to chip removal processes. The focus is on the (experimental) characterization of
the mechanical properties of a 17-4 PH SS, both in the AM versions and its wrought coun-
terpart.

Selective laser melting (SLM) was used to manufacture two series of samples whose
geometry was chosen according to the ASTM-E606 [1] standard. A third series turned from
a cast material via turning operations.

Some scholars have observed a slight increment in the mechanical properties of AM
17-4 PH SS with respect to the traditional counterpart [2]. This evidence could be justified
considering the manufacturing process characteristics. The AM, in fact, promotes a higher
cooling rate that leads to a different microstructure [3]. The higher solidification rate that
characterizes the SLM process impedes the formation of martensite promoting instead an
austenitic microstructure [4-6]. As far as the structural properties of the AM 17-4 PH SS
are concerned, the opinions of scholars differ. Some of them pointed out that they could be
negatively affected by the porosities resulting from the production process [7-10], which act
as nucleation sites. Others have instead proven how the presence of surface defects induced
by the AM process could promote better lubrication [11].
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