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Comparison of Damping Effects of Two Types of Graphite Cast Iron
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This paper deals with the evaluation of the graphite cast iron structure and change of the dynamic behavior de-
pendent on the graphite shape. Structural analysis is focused on the study of cast iron with flake and globular
graphite. These two materials have a considerable application in manufacturing due to its specific mechanical and
physical properties. The production of gray cast iron is less demanding in terms of the technological process and
the quality of the raw materials compared to ductile cast iron but this material is the best for the production of
castings. Compared with cast steels are these graphite castings less susceptible to the notch effects of fatigue stress
and have a higher value of damping. Internal damping occurs in the structure of the material and can be caused
by its imperfection. Computational measurement of eigenshapes and eigenfrequencies was performed using modal
analysis in the SolidWorks software environment.
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1 Introduction gear boxes and others [2]. Increasing demands are em-
phasized on mechanical structures and machinery in ope-
ration. Their performance and operating speed increase,
resulting in undesirable vibrations [3]. This undesirable
feature and exceeding the critical vibration limits in the
machinerynegatively affects their durability, reliability
and can cause degradation of machinery or components

Currently, there is produced more ductile cast iron
than malleable cast iron or cast steel. Many castings made
of gray cast iron, malleable cast iron, cast steel, steel for-
gings and installed components have been successfully
converted into ductile iron castings. Compared to the pro-

duction of other graphite cast iron, the production of gray [4]
cast iron is not so difficult in terms of technological pro- '
cedures and relatively low price. The spheroidal shape of 2 Material characteristics

the graphite does not cause suchtension concentration as
flake graphite does. Flake graphite is a bonded and bran-
ched formation that acts positivelyon foundry properties
[1]. Compressive strength and flexural strength are seve-
ral times greater than tensile strength, but due to graphite
excreted in flakes, they are positively manifested by
increased attenuationcapability. In terms of strength, gray
cast iron is mainly used for highly stressed castings of
machinery parts, for heavy machine tool stands, fittings,

For assessment of this type of experimental materials,
the standard STN 42 0461 is appropriate, which describes
the material characteristics of graphite cast iron, made as
sections in non-etched as well as etched condition. The
analysis of prepared samples was carried out on thermo-
emission scanning electron microscope Vega 3 Tescan.
The graphite particles are mostly uniformly distributed in
the ductile cast iron (Fig. 1) with a regular grain shape
(Fig. 2).
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Fig. 1 Distribution of graphitic particles in a metal matrix of ductile iron
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Fig. 3 Ferritic-pearlitic matrix, Nital

Fig. 6 Dispersion of pearlite in ductile cast iron, Nital
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This type of graphite may be obtained by modifica-
tion, while the amount of globular graphite in cast iron
structure is indicated as [3,5]. The microstructure of the
metal matrix, filling the space between the graphite par-
ticles, is mainly composed of ferrite with 2% content of
pearlite (Fig. 3). The size of globular graphite is in the
range of 15 um - 30 um (Fig. 4, 5). Due to its shape, this
type of graphite particles does not cause a higher tension
concentration in the metal matrix as in the case of flake
shape of graphite. The distance of cementite lamellae in
the pearlite structure, characterized as pearlite dispersion,
ranges from 0.3 pm to 0.6 um (Fig. 6).

In practice, ductile cast iron is used for the production
of machinery bases, engine cylinders and highly stressed
components. Due to its good mechanical properties and
exceptional attenuationcapability, this type of graphite
cast iron is one of the high-quality materials with exten-
ded use.Another analyzed material is gray cast iron.
Graphite particles are dispersed interdendritically and un-
directionally in the metal matrix (Fig. 7). The graphite is
excreted in the cast iron in the form of flakes with charac-
teristic decrease in their thickness from the center of flake
to its edge (Fig. 8, 9). The size of the graphite particles
ranges from 30 pm to 60 um, corresponding to the 6™
grade according to the standard mentioned above (Fig.
10). This dimension represents the distance determined
by section of branches of graphite formations and does
not correspond to the real length of graphite flakes. The
metal matrix of the analyzed gray cast iron is composed
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of lamellar pearlite with 98% content, which also corre-
sponds to the absence of a visible occurrence of ferritic
structure (Fig. 11). The high proportion of pearlite may
be due to the higher speed of cooling the cast iron, as evi-
denced by the fine-grain structure [6]. The average la-
mellar pearlite dispersion is 131.63 pm (Fig. 12).
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Fig. 8 The shape of flake graphite
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Fig. 9 Flake graphite on fracture surfaces

Smaller dispersion is associated with increasing va-
lues of strength and hardness of gray cast iron, at the ex-
pense of decrease in ductile properties [7]. Such a
structure found throughout the casting may also cause an

increase in wear resistance and an improvement in corro-
sion resistance [8]. Non-metallic inclusions, especially ti-
tanium carbonitrides, were observed in the gray cast iron
structure (Fig. 13), their occurrence was only rare and
they reached a size of up to 5 pm.
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Fig. 13 Titanium Carbonitride, Nital
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3 Modal analysis

An essential factor in the oscillation of structural ma-
terials is their own shape, frequency and damping. The
modal test is applied to the tested component or structure
in order to obtain a mathematical description of their dy-
namic behavior using modes [9,10]. Modal analysis and
the associated determination of basic dynamic characte-
ristics is a fundamental step in dynamic calculations.
Using the FEM, there is used a discrete system that is cha-
racterized by discrete mass points and their corresponding
rigidity. The FEM model (Fig. 14) is used to verify the
computational dynamic behavior and real behavior obser-
ved in practice [11]. Based on the results obtained, the
model is modified to reach the most accurate results.
Tuning the FEM model is possible by changing material
parameters, changing the type of elements or adding dam-
ping [9]. The analysis of the sample model of the homo-
geneous beam [12] strength and damping properties, was
carried out using the finite element method in the soft-
ware environment SolidWorks (Tab. 1).

Input material parameters for cast iron with graphite
spheroidal shape and cast iron with graphite flake shape
were defined with respect to the elastic modulus E being
closely linked to the structure (strength, hardness). The
higher the strength and hardness, the greater the elastic
modulus [13].

Tab. 1 The first 5 own frequencies

= frequency frequenc
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Fig. 14 Computational model of homogeneous beam.

4 Conclusion

Before introducing into operation, it is necessary to
know the particular material also in terms of structure, be-
cause the internal damping occurs in the material
structure and may be caused by its imperfection. Flake
graphite is a branched formation and its compressive
strength and flexural strength are several times greater
than tensile strength, but due to the graphite excreted in
the flakes, it positively manifests itself by increased atte-
nuationcapability. All types of cast iron have the capabi-
lity to absorb noise and vibration. Damping capability of
ductile cast iron with graphite spheroidal shape is higher
than damping capability of steel, but is lower than dam-
ping capability of gray cast iron with flake graphite shape.
Designing 3D models accelerates the complete manu-
facturing process from design to final product. In
practice, this system is an integral part of many compa-
nies for performance, reliability and continuous develop-
ment. Manufacturing requires more and more demands
on the operation of the machinery parts, and the unde-
sirable effects, which result in increased vibration and no-
ise, negatively affect their functionality. Therefore, we
are looking for possibilities to prevent them in the way so
that we do not limit their technical parameters and effi-
ciency of operation by the right choice of material.
Nowadays, graphite cast iron, especially gray cast iron
and spheroidal graphite cast iron, prevail on the market as
material for castings, as evidenced by the production vo-
lume. Modal analysis combines signal processing and
computer technology interaction, theory of mechanics,
vibration, acoustics, applied mathematics and enginee-
ring prediction. It is conducted to compare the dynamic
behavior of a structure from a computational model to a
model obtained experimentally.
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