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Abstract
Despite steels from different manufacturers abiding by the same standard specifica-
tions, tool wear during grinding of these materials seems to progress differently when
comparing batch to batch. Therefore, an investigation was made into the different
batches in order to explain this difference in grindability between them. Samples of
C38 steel from two different batches were used and heat treated in the same way at
three different temperatures. The techniques used in this investigation to assess the
difference between batches were light optical microscopy as well as hardness test-
ing. Some differences were observed between the batches before heat treatment but
after the heat treatment had been performed there were no differences that could
be discerned with an optical microscopy. The hardness tests showed a very small
difference where one batch was harder by a maximum of 10 HV. With the tools used
in this lab no differences that could lead to a variation in grindability was found.
To further investigate the question, more tests need to be run.

Keywords: steel, heat treatment, quenching, microstructure.
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1
Introduction

1.1 Background

Due to the rapid growth of industrial manufacturing, the use of sustainable machin-
ing techniques has become an important factor in improving productivity and re-
source e�ciency. In order to meet the challenge of batch-to-batch material variations
in production lines, the introduction of reliable predictive modelling and simulation
tools is essential. Small variations in material properties, even within standard spec-
i�cations, can lead to serious problems on the production line, such as rationalising
timely tool changes and machining under optimum conditions that cannot be ig-
nored. Previous work has addressed this issue[1]. However, since crankshafts are
big and undergo many processing steps it is di�cult to identify the microstructural
di�erences coming from the batch-to-batch variations. An alternative approach is to
do controlled tests in the lab where we do grinding tests on material with precisely-
de�ned microstructures. The present thesis deals with investigating how di�erent
material batches respond to varying heat treatments. The resulting knowledge will
be used to prepare materials with de�ned microstructures to be used for grinding
test in the laboratory.

Heat treatment is a common process for controlling the structure of steel products
and their key mechanical properties such as hardness, strength, toughness, ductil-
ity and elasticity[2]. However, di�erent suppliers may use di�erent heat treatment
processes, resulting in di�erences in the �nal structure of the same material. This
variation adversely a�ects the ability to reliably predict tool wear during machining,
thus adding to the uncertainty of the production line.

1.2 Aims

The aims are to investigate the microstructural di�erences in two batches of C38
steel, to �nd suitable workpiece geometry, and to land in the correct range of hard-
ness. Firstly, the soft, as-received material is investigated. Secondly, di�erent hard-
ening heat treatments and their in�uence on the two batches' microstructures and
hardness are being investigated. The aims of this work are twofold:

ˆ Identi�cation of a suitable geometry of test pieces for grindability tests. The
test pieces should be su�ciently large to enable tests while ensuring proper
through-hardening during the heat treatment. The resulting microstructure
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1. Introduction

should be comparable to that present in crankshafts with a hardness in the
range of 560 to 675 HV.

ˆ Investigation of microstructural di�erences in two batches of the investigated
material both in as-received condition and after varying hardening heat treat-
ments. Samples of the geometry identi�ed in the aim above are utilized.

1.3 Scope and limitations of the study

This study focuses on the observation of the microstructure of steel samples after
heat treatment, and as the associated grinding tests need to be continued in later
stages, this experiment only concentrates on the heat treatment aspect. The heat
treatments investigated in this work are done using conventional furnaces. No in-
duction hardening as the case for crankshaft production was used. Although the
microstructures of only small samples of steel bars were examined in this thesis, the
actual heat treatment e�ects and processing tests on large steel bars require more
in-depth follow-up research, which is worth exploring further, but is not included in
the scope of this thesis. The comparative material characterization was focused on
light optical microscopy of the martensite morphology as well as hardness testing.
Further analyses using more advanced characterization techniques such as electron
microscopy are needed to study di�erences of the hardened material microstructures.
This thesis only focuses on C38 steel.
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2
Theoretical framework

2.1 Classi�cation

C38 steel is a medium-carbon steel, named for its carbon content of about 0.38 per-
cent, and is a hypoeutectoid steel. The main alloying element in this steel is carbon,
and the content of other elements is relatively low. In terms of microstructure, C38
steel shows a mixture of ferrite and pearlite. Ferrite is a softer body-centred cubic
(BCC) structure with very low carbon content and good ductility. Pearlite is formed
by alternating layers of ferrite and cementite (a chemical compound of iron and car-
bon and is a key component in steel and cast iron), which increases the strength
and hardness of the steel[3]. This balanced structure gives C38 steel a medium level
of strength and hardness while maintaining signi�cant toughness and machinabil-
ity[4]. C38 steel exhibits better weldability than high carbon steels, although it is
not as easy to weld as low carbon steels. Heat treatments such as quenching and
tempering further enhance its mechanical properties by forming martensite, increas-
ing hardness and subsequently tempering to adjust the balance between hardness
and toughness. These properties make C38 steel widely used in applications that
require a certain level of strength and toughness, such as automotive parts, bear-
ings, gears and other engineered structural components. With a carbon content of
less than 0.8 percent, C38 steel is hypoeutectoid steel, which means that it has a
good combination of mechanical properties suitable for a wide range of engineering
applications, while maintaining good machinability and weldability. The following
sections discuss the microstructure of hypoeutectoid steels, focusing on the current
microstructure and phases.

2.2 Microstructure, Microconstituents, and Phases

There are many ways to process steels to get di�erent qualities but more generally
they fall under heat treatment, alloying and deformation hardening. The reason
why steels are so adaptable has to do with the crystallography of iron[5]. Iron, a
cornerstone in the �eld of metallurgy, exhibits remarkable versatility through its
ability to exist in multiple crystalline forms naturally. This unique characteristic
not only sets iron apart but also lays the foundation for the vast array of its alloys,
each possessing distinct properties crucial for various applications. In delving into
the study of iron and its derivatives, it becomes evident that temperature-induced
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2. Theoretical framework

dynamics play a pivotal role in the formation of its di�erent crystalline structures.
Notably, ferrite, one of iron's primary phases, presents itself in two speci�c forms:
alpha (� ) and delta (� ), which are primarily distinguished by the temperatures at
which they form. Despite their formation under di�erent conditions, both versions
of ferrite maintain a body-centered cubic (BCC) structure, highlighting a fascinat-
ing aspect of iron's structural behavior. This shared structural foundation is a key
reason why, in the taxonomy of iron's crystalline phases, we identify three principal
structures rather than four. Understanding these structures is essential for grasping
the metallurgical behaviors of iron and its alloys, and thus, they are detailed below
for further examination:

� BCC (body-centered cubic) ferrite

 FCC (face-centered cubic) austenite
� HCP (hexagonal close-packed)
� Also BCC-formed ferrite, but designated as "delta" when iron is converted at

1390 degrees.

Regarding the stabilities of the forms

BCC ferrite is stable at room temperature, pure Austenite is only stable in high
temperatures and pure HCP is only stable in high temperature and pressures. Since
HCP is only stable at high pressures it has no engineering relevance.

2.3 Heat-treatment and quenching processes

When heat treated, metals undergo internal microstructural changes, and by ad-
justing the temperature, it is bene�cial to understand exactly how this alteration is
achieved.

The atomic bonding of metals is noteworthy for its ability to use heat energy to
prompt the rearrangement of atoms while maintaining the overall state of the sub-
stance. When the temperature of steel is above the melting point, it causes the
steel to melt and convert to a liquid state. In this situation, the steel loses its
solid structure and the bonds between the molecules become loose, thus losing solid
properties such as hardness and strength. Otherwise steel will always contain crys-
tals (grains), just arranged di�erently depending on temperature etc. Examples are
ferrite at lower temperatures and austenite at higher temperatures. These crystals
appear in di�erent locations at the same time, each with a unique orientation. As
the temperature continues to drop, the structure that eventually forms is not com-
pletely regular, but consists of grains. The boundaries between the contact points of
the grains are called grain boundaries, which prevent the displacement of atoms[6].
Controlling the cooling rate regulates the size of the grains. Quenching is the pro-
cess by which a faster cooling rate increases the number of grain formation sites
and shortens the growth time[7]. If the quenching is quick enough martensite forms
which means smaller, denser grains are formed, resulting in a harder steel. However,
steels are usually brittle and hard after quenching and need to be tempered. This
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