Author’s Accepted Manuscript

MATERIALS

imizati isti ; - SCIENCE &
Optimization-Heuristic of Mechanical Properties of

Acicular Ferrite Steel | EGINEERlNG

 Structural Materials: Properties,
Microstructure and Processing

A\
Marco Antonio Cruz-Chavez, Sergio A. Serna-
Barquera, Jazmin Juarez-Chavez, Rosenberg Javier
Romero, Martin H. Cruz-Rosales, Bernardo
Campillo-Illanes

SciVerse ScienceDirect

www.elsevier.convlocate/msea

PII: S0921-5093(18)30295-8
DOI: https://doi.org/10.1016/j.msea.2018.02.076
Reference: =~ MSA36163

To appear in: Materials Science & Engineering A

Cite this article as: Marco Antonio Cruz-Chavez, Sergio A. Serna-Barquera,
Jazmin Juarez-Chavez, Rosenberg Javier Romero, Martin H. Cruz-Rosales and
Bernardo Campillo-Illanes, Optimization-Heuristic of Mechanical Properties of
Acicular Ferrite Steel, Materials  Science &  Engineering A,
https://doi.org/10.1016/j.msea.2018.02.076

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/msea
https://doi.org/10.1016/j.msea.2018.02.076
https://doi.org/10.1016/j.msea.2018.02.076

Optimization-Heuristic of Mechanical Properties of Acicular Ferrite Steel

Marco Antonio Cruz-Chavez*', Sergio A. Serna—Bar%ueral, Jazmin Juérez-Chévez', Rosenberg
Javier Romero®, Martin H. Cruz-Rosales®, Bernardo Campillo-Illanes®

1 Engineering and Applied Sciences Research Center — UAEM, Av. Universidad, No. 1001, C.P.
62209, Cuernavaca, Morelos, México

2 Institute of Physical Sciences/Faculty of Chemistry — UNAM, Av. Universidad, No. 1001, C.P.
62209, Cuernavaca, Morelos, México

3 FCAel- UAEM, Av. Universidad, No. 1001, C.P. 62209, Cuernavaca, Morelos, México

Abstract. This paper presents two algorithms, Simulated Annealing and Iterated Local Search. Both metaheuristics
use a neighborhood hybrid structure to evaluate their effectiveness and maximize the mechanical strength of
microalloyed steel. Tests show that the best metaheuristic for this type of problem, which makes use of a
neighborhood structure and a chemical composition, is Iterated Local Search because it gives a better mechanical
strength than Simulated Annealing. Acicular Ferrite was developed in the laboratory using the best mechanical
properties obtained by the heuristics in computational tests. Then the mechanical strength of the created steel was
evaluated. The experimental results show that the yield strength obtained in the laboratory is comparable to that
obtained in computational tests.
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1. Introduction

Steels constitute a very large group of alloys, with the common feature that iron is the major component. The many
types of steels are well defined by their chemical composition ranges and microstructures which produce properties
suitable for certain applications. The mechanical properties of steels depend in a complex way on their chemical
composition and heat treatment. The strength of low carbon steel is improved by the addition of alloying elements
and modification of their microstructure through the introduction of low transformation temperature austenite
products. For instance, bainite, acicular ferrite for very low carbon steels, or martensites are possible microstructures
which generally lead to diminished ductility in the transformed steel. The design of such steels, with high strength
and adequate ductility, from fundamental theories is a very difficult task. Also, what is not achieved or often even
considered is an optimized combination of mechanical properties, since an optimal steel strength can often be
produced by combining different alloying elements, given a selected microstructure.

High-strength low-alloy (HSLA) steels, also known as microalloyed steels, are a group of alloy steels that have
small amounts of alloying elements such as titanium (Ti), niobium (Nb), and vanadium (V), among others. Such
additions play a key role in refining the grain size and precipitation hardening (Show et al., 2010) for microalloyed
steels. These kinds of steels show outstanding mechanical properties at a cost only moderately higher than that of
carbon steels. They are cost-effective for diverse applications such as use in cars, trucks, bridges, oil and gas
extraction, construction equipment, and off-road vehicles (Zhao et al., 2013a; Zhao et al., 2013b). Over the past
several decades, widespread investigations have been conducted with the goal of refining their toughness and
strength in order to meet the mechanical property requirements for several real applications (Zhao et al., 2013c;
Zhao et al., 2013d; Mousavi Anijdan, 2012; da Silva, 2006, Bhadeshia, 2001).

The performance of HSLA pipeline steels for oil and gas transport requirements have improved steadily over the
years. APl X52 class steel was used before 1965, and the practical application of X100 began in 2002. This means
that strength requirements have doubled in the past 35 years. As a result, steel products are assuming an ever greater
importance in the energy industry.
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