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Resumo

Mello, Carlos Alberto Torres de; Pereira, Marcos Venicius Soares
Pereira (Orientador). Vida em Fadiga de um Ferro Fundido
Nodular Ferritico com Varia¢oes Microestruturais. Rio de Janeiro,
2002. 95p. Dissertagdo de Mestrado — Departamento de Ciéncia de
Materiais e Metalurgia, Pontificia Universidade Catodlica do Rio de
Janeiro.

Esta pesquisa teve como objetivos promover variagdes microestruturais
em um ferro fundido nodular ferritico tipo ASTM A536 60-40-18, pelo do uso de
resfriadores durante a solidificacdo do material ¢ pela adogdo de tratamentos
térmicos pods-fundicdo, bem como avaliar a influéncia de tais variacdes
microestruturais sobre as propriedades mecanicas e vida em fadiga do material.

Inicialmente, amostras do material foram fundidas em areia com e sem o
uso de resfriadores. Apos a fundi¢do, algumas amostras de ambas as condigdes de
resfriamento sofreram normalizagdo, enquanto outras foram recozidas, perfazendo
seis diferentes condigdes microestruturais: sem resfriador bruta de fundicdo
(SRB); sem resfriador normalizada (SRN); sem resfriador recozida (SRR); com
resfriador bruta de fundicdo (CRB); com resfriador normalizada (CRN) e com
resfriador recozida (CRR).

Em seqiiéncia, corpos de prova de todas as condi¢cdes mencionadas acima
foram ensaiados em tracdo e, posteriormente, sofreram analises metalograficas
qualitativas e quantitativas. Dando continuagéo a etapa experimental, levantaram-
se as curvas tensdo versus numero de ciclos para a falha das condigOes
microestruturais SRB, SRR, CRB e¢ CRR, por meio de ensaios de fadiga em
flexdo rotativa. A vida em fadiga do material também foi relacionada com as

caracteristicas metalurgicas de cada condigao.
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A analise metalografica indicou que o uso de resfriadores resultou num
aumento da quantidade de nédulos de grafita, diminui¢do do tamanho médio dos
nédulos e otimizagdo da morfologia esférica. Entretanto, tais modificagdes
microestruturais ndo influenciaram de maneira significativa as propriedades
mecanicas do material. Por sua vez, os tratamentos térmicos de nomalizagdo ¢
recozimento ndo promoveram variagdes sensiveis nas propriedades mecanicas das
condi¢des brutas de fundigao.

Quanto a resisténcia a fadiga do material nas condi¢des brutas de
fundicdo, as amostras CRB obtiveram uma melhor comportamento sob
carregamento ciclico do que as amostras SRB, o que foi atribuido ao fato de que
as primeiras apresentaram uma maior quantidade de nédulos de grafita da classe
VI. Comparando-se as condi¢des brutas com aquelas recozidas, constatou-se que
as condi¢des microestruturais SRR e CRR apresentaram um pior comportamento
em fadiga do que as condicdes SRB e CRB, respectivamente. Associou-se tal
comportamento com as caracteristicas microestruturais das condi¢des brutas de
fundigdo, isto ¢, um menor tamanho dos nodulos de grafita, maior microdureza da
matriz e a presenca da estrutura “olho de boi”. Finalmente, as curvas
experimentais tensdo versus numero de ciclos para a falha foram modeladas pela
equagdo de Coffin-Manson, que se mostrou eficiente no tratamento dos dados da

vida em fadiga do ferro fundido nodular ferritico.

Palavras-chave

Curvas S-N; Tratamentos Térmicos; Metalografia Quantitativa.
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Abstract

Mello, Carlos Alberto Torres de; Pereira, Marcos Venicius Soares
Advisor). Fatigue Life of a Ferritic Nodular Cast Iron of Different
Microstructures. Rio de Janeiro, 2002. 95p. M.Sc. Dissertation —
Department of Materials Science and Metallurgy, Catholic University
of Rio de Janeiro.

The objectives of the present work were to promote microstructural
variations in an ASTM A 536 60-40-18 ferritic nodular cast iron, making use of
cast coolers during and adopting heat treatments after casting, as well as to
evaluate the influence of the microstructural variations on the mechanical
properties and fatigue life of the material.

Initially, samples of the material were cast in sand moulds with and
without internal coolers. After casting, a number of samples in both cooling
conditions were subjected to normalizing and annealing heat treatments and,
therefore, six different microstructural conditions were obtained: as-cast without
cooler (SRB), normalized without cooler (SRN), annealed without cooler (SRR),
as-cast with cooler (CRB), normalized with cooler (CRN) and annealed with
cooler (CRR).

Tensile test were carried out on specimens representing the above
mentioned conditions and their microstructures were analysed by qualitative and
quantitative metallography. In the sequence of the experimental procedure,
rotating bend fadigue test were performed in order to establish the stress-life
curves for the SRB, SRR, CRB and CRR microstructural conditions. The fadigue
life of the material was also related to the metallurgical characteristics of each

condition.
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The metallographic analysis has indicated that the use of coolers
increases the number of graphite nodules, reduces the graphite nodule size and
otimizes the spherical morphology. However, these microstructural modifications
seam to have no significant influence on the mechanical properties of the material.
As to the effect of normalizing annealing, boht treatments not imply in significant
changes in the mechanical properties of the as-cast conditions.

Regarding the fadigue resistance of the material in the as-cast conditions,
the CRB sample showed a longer fatigue life than the SRB samples and this
performance under cyclic loading was attributed to the fact that the CRB
condition is characterized by a higher number of graphite nodules of class VI. A
comparison between the as-cast and annealed conditions indicated that the
microstructural conditions SRR and CRR presented a lower fatigue resistance
than the conditions SRB and CRB, respectively. This behaviour was associated
with the microstructural features of the as-cast conditions, namely the smaller
graphite nodule size, the higher microhardness of the matrix and the presence of
the “bull’s-eye” structure. Finally, the experimental stress-life curves were
modelled by means of Coffin-Manson law, which was considered efficient in the

fadigue life data of ferritic nodular cast iron.

Keywords

S-N Curves; Heat Treatments; Quantitative Metallography.
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