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@ o B B Studv on machinability of flake graphite cast iron and
its contributing factors

This thesis details chemical and physical analyses of machinability of flake
graphite cast iron in order to shed light on the mechanism of its contributing factors.
Summaries of each chapter are described as follows:

Chapter 1 presents a series of interpretations and discussions which
overview the history of iron casting, types and usages of cast iron and, most of all,
characteristics and value engineering of flake graphite cast iron, which is the main
object of this thesis. Then, the interpretations shift its focus to Fe-C binary
equilibrium diagram and Fe-C-Si ternary equilibrium diagram, both of which are an
essential tool to conduct an analysis on solidification and microstructure of cast iron.
Aims and effects of inoculation, which is an indispensable process for cast iron to be
treated as mechanical parts, are also discussed. The discussion regarding inoculation
opens a path to explore the preceding process on iron casting, 1.e., smelting process
because machinability of cast iron may be affected, at least to some extent, during
this process. Smelting process is discussed by comparing conventional cupola
smelting and electric furnace smelting. At this point, a whole process of iron casting
on a mass-production level has been briefly outlined by the interpretations and
discussions presented so far. Next, utilization of a casting simulation system, which
has become an indispensable computer-aided engineering (CAE) tool, is interpreted
in order to lay the groundwork for Chapter 4 and 5. To conclude Chapter 1, the focus
is turned back to machinability. Especially, evaluation method, operational and/or
social merits and recent study progress are highlighted. The main theme of this
thesis is, therefore, comprised of how to achieve higher casting productivity by
analyzing the mechanism of the yet-to-be-defined machinability of cast iron from
diversified aspects.

Chapter 2 deals with the relativities between chemical compositions of flake
graphite cast iron and its machinability. Cast iron includes a variety of elements not
only C, Si, Mn, P, S (commonly referred to as “five elements”) but also Cr, Sn, etc.
Past studies on machinability were apt to focused on and discussed on the ground of
carbides and/or oxides which form hard substances inside the iron, hence excessively
adding those alloy'making elements in hope of producing them via
crystallization/precipitation process. In this chapter, additions of those alloy-making
elements are regulated in an actual use range to see the difference in machinability
in accordance with the added amount. The result, which is statistically processed by
multivariate analysis, shows significance in C, Si and Mn. Especially, the amount of
C and Si shows significance by 1% level, thus bringing forth a conception that
machinability deteriorates as the amount of C and Si increases. The reason why the
increased carbon percentage in cast iron contributes to deterioration of machinability
can be assumed that the increased amount of solid-solute carbon in the matrix
structure, which 18 a by-product of graphite structure in cast iron, forms carbides




that deteriorate machinability. Meanwhile, Si in cast iron replaces Fe, thus forming
silico-ferrite. The average lattice constant of silico-ferrite 1s smaller than that of
ferrite. Therefore, lattice shapes are distorted and increases the number of
dislocation lines, which can be assumed to harden the ferrite structure and
deteriorate machinability.

In Chapter 3, machinability of cast iron 1s evaluated in relation to machining
speed and temperature of the machined object and the machining tool. It is
commonly regarded that increasing machining speed can result in more tool wear.
However, the experiment in this chapter showed exactly the opposite. The
temperature rise both on the machined object and the machining tool was less
pronounced than the expected figures in the experiment. Therefore, it can be
considered that tool edge temperature affects more to tool wear than machining
speed does. In the experiment, tool edge temperature was closely measured by
thermocouples. The result indicates that the increased machining speed can
relatively shorten the period when the tool edge 1s contacted to the machined object,
mitigating the rise of the temperature. In light of the result mentioned above, it is
fair to say that productivity can be significantly improved by expanding tool service
life as a consequent of the increased machining speed and mitigated temperature
rise.

Chapter 4 and 5 deals with the relativity between machinability and
solidification of cast iron. In Chapter 4, rapid cooling phenomena, which are
commonly observed on a cooling curve graph, 1s explored at length by using a casting
simulation software to detect the location and the timing of the emergence of rapid
cooling. Actual measurement of molten iron shows not direct temperature but
approximate values as a result of indirect measuring through a silica tube of a
thermocouple. In order to correct this difference, measuring points were designated
on a simulation model and then cooling curves for each measuring point were
calculated. The result showed that the rapid cooling was observed on the final
solidification part during eutectic solidification, where temperature is commonly
considered to drop most slowly. The final solidification part of cast iron is apt to have
inverse chills, which spoil machinability. It can be assumed that the rapid cooling on
the final solidification part is the main cause of inverse chills.

Chapter 5 presents an accurate result of the simulation analyses gained by
calibrations of parameters and an introduction of Fe-C-Si ternary equilibrium
diagram for temperature measurement. This result indicates that the rapid cooling
on the final solidification part occurs amid eutectic reaction where both solid and
liquid substances coexist. The result of microstructural analysis endorses the above
theory because A-type graphite structure (which is considered to emerge when iron is
gradually cooled) and D-type graphite structure (which is considered to emerge when
iron is rapidly cooled) coexist in a mottled pattern. Combination of D-type graphite
and pearlite structure is hard enough to deteriorates, let alone the chill structure on
the final solidification part. Therefore, it can be said that casting patterns should be
carefully designed so as not to let the final solidification part sit inside the product.

Chapter 6 offers a summary of what 1s discussed thus far. Although
machinability 1s affected by many factors, it is possible to fathom the entire
mechanism. At least, this thesis helps to do so by unthreading some of the
contributing factors one by one. By selecting materials, pattern designs and
production process all suitable for machinability at the time of order receipt, it is
possible to cast high-quality iron products with higher productivity and smaller
impact on environment. Better machinability can realize iron casting which is
competitive enough against counterparts from China and other developing countries
in terms cost as well as guality.




