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“Failure is just an opportunity to start again with more intelligence”
Henry Ford
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REsumo

O ferro fundido nodular tem sido comumente aplicado na industria e diversas aplicagées de enge-
nharia devido ao baixo custo de producao e a similaridade das propriedades mecanicas quando
comparadas aos acos carbonos corriqueiramente utilizados. As propriedades mecanicas do ferro
fundido nodular sao extremamente dependentes da sua microestrutura e também das carac-
teristicas dos nédulos de grafita. Desse modo o principal objetivo foi avaliar e caracterizar o
ferro fundido nodular das classes GGG40, GGG 60 e GGG70, sem a presenga de tratamentos
térmicos. As amostras foram retiradas de blocos e barras sem utilizar o processo de fundigao
em bloco Y. As propriedades do material foram determinadas através testes mecanicos como
ensaio de tracao, dureza, efeito Bauschinger e fadiga de baixo ciclo. Foi executada por meio
de microscopia ética a analise da microestrutura do material, de forma a avaliar o padrao de
grafita, e posteriormente a quantificacao de cada fase presente na amostra. Com o intuito de
auxiliar a analise microestrutural, uma rotina baseada em segmentagao de imagem foi desen-
volvida. A metodologia possibilitou avaliar a influéncia da microestrutura em relagao a posicao
do espécimen no bloco fundido, e também comparar com as propriedades de corpos de prova
retirados de barras circulares. Os resultados comprovaram que a microestrutura, principalmente
a densidade de nodulos de grafita no material, tem efeito na resisténcia do material, sendo as-
sim necessario um controle adequado do processo de fundicdo para garantir as propriedades
especificadas. As propriedades mecanicas dos corpos de prova retirados diretamente do bloco
e das barras sem a fundigao do bloco em Y apresentaram resultados desconformes com as pro-
priedades disponiveis nos padrées usuais e na literatura. Essa diferenca reforca que os ferros
fundidos podem sofre alteragdbes mecanicas por conta de alteragoes no processo de fundicao,
confirmando a importancia de averiguar as caracteristicas do lote fundido antes da aplicagao
mecanica do material. Por fim a rotina desenvolvida para a analise da microestrutura foi capaz
de quantificar as fases e as propriedades da grafita de cada corpo de prova analisado.

Palavras-chave: Ferro Fundido Nodular, Caracterizacdo mecénica, Microestrutura, Analise de
Imagem Computacional.



ABSTRACT

Nodular cast iron has been commonly applied in industry and many engineering applications
due to the low production cost and the similarity of its mechanical properties to carbon steel.
The mechanical properties of nodular cast iron are very dependent on its microstructure and
also on the characteristics of the graphite nodules. In this sense, the main objective was to
evaluate and characterise the nodular cast iron grades GGG40, GGG60 and GGG70 in the
absence of heat treatment. In addition, specimens were obtained from casted bars and blocks
without the Y-block casting process. Through mechanical tests such as tensile, Bauschinger
effect and hardness tests, the material mechanical properties were determined. Additionally,
the microstructure was analysed by optical microscopy with the support of computational image
analysis for determination of the attributes of the graphite nodules and the quantification of
each phase present in the microstructure of the nodular cast iron. The developed methodology
made it possible to evaluate the influence of the microstructure in relation to the position of the
specimen in the cast iron block. The properties of the specimens removed from circular bars
were also compared. The results showed that the microstructure has a strong effect on the
material’s strength, especially the density of graphite nodules in the material. The mechanical
properties of the specimens taken directly from the block and bars without the Y-block casting
presented results that are not in accordance with the properties available in the usual standards
and literature. This difference reinforces that cast iron can undergo mechanical changes due
to changes in the casting process, confirming the importance of checking the characteristics of
the cast batch before engineering application of the material. Finally, the routine developed for
the microstructure analysis was able to quantify the phases and properties of graphite in each
analysed specimen.

Keywords: Nodular Cast Iron, Mechanical characterisation, Microstructure, Computational
Image Analysis.







































1.1.2 Specific Objectives

In the development of this work, some specific objectives were necessary in order to

achieve the main objective of the research.

1 Perform mechanical tests such as tensile, Bauschinger effect, and hardness tests in order

to obtain information on a great number of mechanical properties.

2 Analyse the microstructure of commercial nodular cast iron available in block and round

bars and the impact of the specimen position on the microstructure.

3 Identify and count the graphite nodules and characterise the nodule distribution, size,

and shape of graphite particles.

4 Evaluate the nodule distribution in relation to the position of the specimen in the cast iron

block or bar.

5 Investigate the graphite nucleation in round bars and evaluate the graphite nodules along

1.2

the cross-section area by counting and characterising the size and shape. In addition,
the hardness test was also performed at certain points.

ORGANISATION OF TEXT

This work is divided into six chapters. The first presents a brief introduction to the prin-
ciples, concepts and the main contributions in this research field. It also introduces the
main and specific objectives.

The second chapter introduces the concepts of the plastic deformation behaviour and
the phenomenon that involves cyclic stress—strain behaviour.

Chapter three discusses the cast iron generalities and presents the concepts about nodu-
lar cast iron and its characteristics as a material.

Chapter four discusses the methods used in the development of this work, and presents
the mechanical tests and the configurations used in the tests. It presents the method-
ology developed for the metallographic analyses on the nodular cast iron and how the
computational image analysis was performed, presenting the model developed by the
author.

Chapter five presents the results and discussion.

Finally, in chapter six, the conclusions of the work are presented, and some considera-
tions for future works are proposed.


































































