
 
 

 

 
Metals 2021, 11, 1177. https://doi.org/10.3390/met11081177 www.mdpi.com/journal/metals 

Editorial 

Mechanical Properties and Microstructure of Forged Steels 
Andrea Di Schino 

Dipartimento di Ingegneria, Università degli Studi di Perugia, Via G. Duranti 93, 06125 Perugia, Italy;  
andrea.dischino@unipg.it 
 

Forged steels represent a quite interesting material family, both from a scientific and 
commercial point of view, following many applications they can be devoted to [1]. Fol-
lowing from that, it is, therefore, essential to deeply understand the relations between 
properties and the microstructure, and how to drive them by process. Despite their diffu-
sion as a consolidated material, many research fields are active regarding new applica-
tions. At the same time, innovations are coming from the manufacturing process of such 
a family of materials. In this framework in particular, the role of heat treatments in obtain-
ing even complex microstructures is still quite an open matter, also thanks to the design 
of innovative heat treatments [2,3] devoted to forged components [4–7]. The Special Issue 
scope embraces interdisciplinary work covering physical metallurgy and processes, re-
porting about the experimental and theoretical progress concerning microstructural evo-
lution during the processing and microstructure-properties relations. 

The book collects manuscripts from academic and industrial researchers with stimu-
lating new ideas and original results. The present book consists of three research papers. 

M. Algarni in his research analyzes the mechanical properties and fracture behavior 
of two cold-work tool steels: AISI “D2” and “O1”. Tool steels are an economical and effi-
cient solution for manufacturers due to their superior mechanical properties. The demand 
for tool steels is increasing yearly due to the growth in the transportation production 
around the world. Nevertheless, AISI “D2” and “O1” (locally made) tool steels behave 
differently due to the varying content of their alloying elements. There is also a lack of 
information regarding their mechanical properties and behavior. Therefore, this study 
aims to investigate the plasticity and ductile fracture behavior of “D2” and “O1” via sev-
eral experimental tests. The tool steels’ behavior under monotonic quasi-static tensile and 
compression tests was analyzed. The results of the experimental work showed different 
plasticity behavior and ductile fracture among the two tool steels. Before fracture, clear 
necking appeared on the “O1” tool steel, whereas no signs of necking occurred on the 
“D2” tool steel. In addition, the fracture surface of the “O1” tool steel showed a cup–cone 
fracture mode, and the “D2” tool steel showed a flat-surface fracture mode. The dimple-
like structures in scanning electron microscope (SEM) images revealed that both tool 
steels had a ductile fracture mode [8]. 

L. Pezzato et al. describe the effects of a second tempering treatment on the micro-
structural properties and impact toughness of a structural steel EN 10025-6 S690. The steel 
was first forged and quenched in water after austenitization at 890 °C for 4 h. After 
quenching, different tempering treatments were performed, at 590 °C in single or multiple 
steps. The effect of these treatments was evaluated both in microstructural terms—by 
means of optical microscopy scanning, transmission electron microscopy and X-ray dif-
fraction—and in terms of impact toughness. The mechanical behavior was correlated with 
the microstructure and a remarkable increase in impact toughness was found after the 
second tempering treatment due to carbide shape change [9]. 

 S. Mancini et al. propose a new approach in order to describe the plastic strain at 
the core of the piece. FEM takes into account the plastic deformation at the core of the 
forged pieces. At the first stage, a thermomechanical FEM model was implemented in the 
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MSC Marc commercial code in order to simulate the open die forging process. Starting 
from the results obtained through FEM simulations, a set of equations describing the plas-
tic strain at the core of the piece were identified depending on forging parameters (such 
as the length of the contact surface between the tools and ingot, tool’s connection radius, 
and reduction in the piece height after the forging pass). An Artificial Neural Network 
(ANN) was trained and tested in order to correlate the equation coefficients with the forg-
ing to obtain the behavior of the plastic strain at the core of the piece [10]. 
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