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Numeric Analysis of the Eigenfrequen-
cies of the Ductile Cast Iron with the 
Spheroidal Shape of Graphite
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Fig. 1 Microstructure of SGCI, etched by  Nital, zoomed 
100x

FEA which is used for calculation of contact of bear-
ing fits and optimization of constructions.
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ABSTRACT
The given work is focused on the analysis of the 
eigenfreqencies and natural shapes as well as it 
is  connected  with stress  distribution in the fre-
quency area referring to the ductile cast iron with 
the spheroidal shape of  graphite. The analysis was 
made with help of finite element method (FEM) in 
the software system ADINA.v.8.6.2. 

INTRODUCTION 
The progress of the numeric processes is closely 
concerned with the new possibilities and new 
opportunities of materials engineering including 
modelling of structures of materials and their sim-
ulations for various types of loading. The process of 
deformation is connected with the foreseeability 
and understanding of microstructure properties 
because it is really important for knowledge and 
specification of defect formations of castings dur-
ing the process of their production or during the 
moulding processes [1], [2]. In the recent years, the 
microstructure modelling and its simulation has 
played quite important role because of finding out 
of properties and suitability of usage of the given 
material before its production.  
The finite element method allows us to operate 
with atypical parameters of microstructure. Nowa-
days, this method is commonly used in the various 
scientific fields and spheres. In addition, the most 
common usage can be found in mechanics, ma-
terials engineering, thermodynamics and biome-
chanics etc. [3], [4].  All types of simulations reduce 
the given specific construction process and there 
is also opportunity to test or investigate the model 
at various working conditions and loadings.

STRUCTURE OF CAST IRON WITH THE SPHEROI-
DAL SHAPE OF GRAPHITE (SGCI)
The structure of the basic metallic microstructure 
of SGCI influences many factors. Two of these 
many factors are very important because they are 
connected with the differences of characteristics 
of austenite transformation which is carried out 

at unchanged conditions. Influence of chemical 
composition and influence of cooling speed are 
the given and important two factors which are 
mentioned hereinbefore. According to this men-
tioned fact, there can be the occurrence of ferritic, 
ferritic-pearlitic or pearlitic structure for cast irons 
Fig. 1. Pearlite can be the most often found in la-
mellar form. Increasing pearlitic proportion means 
increasing of strength, hardness and wear resis-
tance.

On the other side, plasticity and toughness de-
crease. From the other point of view, the presence 
of ferrite causes decreasing of   strength proper-
ties but ductility, toughness and machinability. 
Moreover, structure as well as properties of SGCI 
can be influenced by alloying process and thermal 
treatment in some particular limiting cases. There 
are some alloying elements which are quite com-
monly used: Cu and Ni – increase plasticity and 
toughness; Mn and Mo decrease plasticity and in-
crease through-hardening ability. Low content of 
Mn ensures higher ductility and impact strength. 
Granular graphite is the other component of the 
structure Fig. 2. From the aspect of stress concen-
tration, the granular graphite is the most advanta-
geous alternative for separation of graphite [5].

Fig. 2 Images of separated spheroidal graphite in 
SGCI 
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PROPERTIES AND USAGE OF SGCI
SGCI belongs to iron carbon alloys and there are 
also other elements. Its structure consists of basic 
metallic substance - matrix and the graphite can 
be found in this matrix. This graphite has a specific 
shape. It is sort of the regular granular grains. From 
the aspect of the shapes, this shape of graphite has 
the least notch or impact effect. Doe to this fact, 
SGCI has very good mechanical properties and 
therefore SGCI can be included among the most 
common materials which are suitable for manufac-
turing of castings  [6], [7]. If we start to talk about 
industry of the highly-developed countries, cast-
ings of SGCI are used instead of steel castings as 
well as weldments and forgings and there are the 
reasons:
Production costs are lower than 40%;
Specific weight is also lower than specific weight 
of steel and it is circa by 8%;
On the base of the matrix structure, the tensile 
strength reaches the values between 300÷900 MPa 
in cast state and it can even be until 1500 MPa after 
the thermal treatment;  
Casting properties are also very good. 
The whole number of criteria and standards is uti-
lized for evaluation of quality of SGCI. These crite-
ria and standards influence mechanical as well as 
physical properties. The properties of SGCI depend 
on amount, proportion, type and distribution of 
graphite but composition of the basic matrix (pro-
portion of ferrite and pearlite) is also very impor-
tant. From the point of view of unalloyed cast irons, 
the amount and proportion of the graphite in me-
tallic matrix depends on content of carbon, silicon, 
manganese as well as it depends on cooling rate, 
i.e. the thickness of the wall of the cast mould and 
material of which the cast mould is made [8]. 

EVALUATION OF THE MICROSTRUCTURE BY IM-
AGE ANALYSIS
Image analysis of the microstructure is carried out 
for the purpose of obtaining of basic data which 
are needed for formation of the model that is iden-
tical with real state of cast iron. The image analyse 
was used for evaluation of number of graphetic 
particles, content of graphite and shape of graphite 
(via shape factor) and the content of ferrite in ba-
sic material was evaluated for etched samples. The 
process of evaluation can be seen in the images 3 
and 4. The microstructure of the etched samples 

was scanned from microscope by digital camera 
JVC TK – C920E and the given digital image was 
transmitted into the computer and it was zoomed 
100x Fig. 3. Before the definition and colored am-
plification of graphetic particles – visual threshold 
were made Fig. 3, the recorded digital image had 
been frozen. Then, the image was cleared up in a 
binary way – it means that the little particles (in-
clusions) were excluded from the process of evalu-
ation. After the selection of structural parameters 
(number of particles, content and circularity) had 
been made, the evaluation was carried out Fig. 4. 
The same process was carried out at three random 
selective areas and obtained measured values 
were used for calculation of the arithmetical aver-
age. The results of measurement were exported 
into the Microsoft Excel file, where they were used 
for further processing. On the base of the further 
processing, these specific data were found out: 
the number of graphetic particles, the content of 
graphite and shape of graphite (via shape factor). 
Shape factor K represents the circularity and if the 
value equals to number one, it means that it is cir-
cle but if the value equals to number zero, it means 
that it is straight line. According to the mentioned 
facts, the circularity can be calculated by help of 
equation:

2

4 AK
P


 (1)

where A is an area of the particle and P is a circum-
ference of particles. The shape factor can acquire 
values:
for lamellar graphite: K < 0,27;
for vermicular graphite: K = 0,27 ÷ 0,60;
for spheroidal graphite: K > 0,65 [9].

Fig. 3 Downloaded image and definition of particles 
in the image

The microstructure of basic material can be seen in 
Fig. 5 and Fig. 6 and it is evaluated on the base of 
[10]. Metallographic analysis of samples relating to 
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basic material Fig. 5 shows that SGCI is ferritic.

Fig. 4 The evaluation of the given image

The content of ferrite in matrix is in the range from 
20 % to 40%. Graphite is separated in the specific 
shape which is mostly regularly granular (from 
60% to 70%) and its minor amount is imperfectly 
granular (from 20% to 40%). The size of regularly 
granular graphite is form 30 to 60 μm and size of 
imperfectly granular graphite is from 15 to 30 μm. 
The microstructure of the material is considerably 
inhomogenous because there is different size of 
graphite and number of graphetic particles with 
respect to unit of the area (mm2)  and the given 
mentioned particles were used as semples which 
were selected from various areas of experimental 
material as the whole.

Fig. 5 Microstructure of the sample of basic material 
referring to SGCI,  zoomed 100x

The etching action by sodium chromate had been 
used for specification of different structural parts of 
ferrite, pearlite, and graphite but it was not possible 
to specify the segregation of chemical elements. 
On the base of this fact, etching agent Klemm I was 

used and by this way, the segregation of the major 
elements (silicon and manganese), which were dis-
solved in ferrite could be observed Fig. 6. The con-
tent of silicon is the highest around the graphetic 
particles and on the other side, the lowest content 
of silicon can be observed at the boundaries of eu-
tectic units - the change of colour from yellow to 
brown can be seen and in comparison to manga-
nese, there is the contrary development.

Fig. 6 Chemical segregation of additive elements 
(zoomed: 250x )

The authomatic image analysis was used as a help 
for evaluation of etched samples of SGCI where the 
number of graphetic particles tab. 1, the content of 
graphite tab. 2 and the shape of graphite - specified 
with help of shape factor tab. 3. The given etched 
samples were also used for evaluation of the con-
tent of ferrite in SGCI tab. 4. These obtained results 
were used as input data for analysis of frequences 
around the graphetic particles and the given anal-
ysis was done with help of model of finite element 
method (FEM) in the software system ADINA. 
The image analysis was used for identification of 
average number of graphetic particles in SGCI and 
it was    = 212,3  tab. 1 whereby the area propor-
tion of segregated graphite is   = 9,2% tab. 2 and 
shape factor is 0,75 tab. 3. The content of ferrite in 
the microstructure is approximately 36,4 % tab. 4 
and after calculation with help of relation (2), the 
content of ferrite in matrix is 40,7%. 

100
100M
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Sample 

designation

Number of 

graphetic 

particles n, 

[mm-2]

Average number 

of graphetic 

particles 

SGCI-1 215

212,3SGCI-2 221

SGCI-3 201

Tab. 1 The evaluation of the number of graphetic par-
ticles with help of automatic image analysis

Sample 

designation

Content of 

graphite g,

[%]

Average content 

of graphite

SGCI-1 9

9,2SGCI-2 9,8

SGCI-3 8,9

Tab. 2 The evaluation of content of graphite with help 
of automatic image analysis

Sample 

designation

Shape factor 

(circularity) K

Average 

diameter 

SGCI-1 0,74

0,75SGCI-2 0,75

SGCI-3 0,76

Tab. 3 The evaluation of graphetic shape with help of 
automatic image analysis

Sample 

designation

Content of 

ferrite F,

[%]

Average content 

of ferrite 

SGCI-1 37,8

36,4SGCI-2 39

SGCI-3 32,6

Tab. 4 The evaluation of ferritic content with help of 
automatic image analysis

where
f

M
 –  is content of ferrite in matrix

f –  is content of ferrite in microstructure
g –  is content  of graphite in microstructure

SELECTION OF TYPE OF FINITE ELEMENTS AND 
SIZE OF ELEMENT
The designed model of SGCI material structure was 
concerned with doing of sensitivity analysis tab. 5 

Size of 

elements
vyy vzz vyz vHMH

0,01 1,215 0,0516 0,012 1,042

0,009 1,209 0,0461 0,0033 1,038

0,008 1,208 0,0464 0,0055 1,036

0,007 1,225 0,0371 0,0185 1,059

0,006 1,489 0,146 0,048 1,211

0,005 1,501 0,16 0,028 1,206

0,004 1,780 0,246 0,0011 1,388

0,003 1,947 0,271 0,0060 1,510

0,002 2,385 0,384 0,013 1,819

0,001 2,800 0,310 0,0069 2,247

0,0009 2,780 0,285 0,164 2,270

0,0008 2,904 0,266 0,048 2,369

0,0007 2,861 0,237 0,0821 2,358

0,0006 2,925 0,215 0,0864 2,436

0,0005 2,931 0,180 0,0089 2,467

0,0004 2,918 0,146 0,013 2,479

0,0003 2,916 0,107 0,007 2,507
Tab. 5 The evaluation of content of graphite with help 
of automatic image analysis

relating to change of intensity of stress distribu-
tion around the graphetic particles.  The graphetic 
particles are designed as cavities without finite ele-
ment web. On the base of the sensitivity analysis, 
the determined size of elements was 0,0005 mm. 
This mentioned size of elements ensures good uni-
formity and accuracy of resolution and the error is 
not higher than 2,5%. Linear triangular elements 
Fig. 7 are used for solution. Geometric model was 
made up for 10% graphetic proportion in structure, 
the number of particles was 200 pcs/mm2 and size 
was chosen in the interval from 30 μm to 60 μm.

where 
vyy - stress in the direction of loading, [MPa]
vzz - stress which is perpendicular to direction of 
loading, [MPa]
vyz - shear stress, [MPa]
vHMH - equivalent stress with reference to HMH 
theory, [MPa]

nr

gr
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GEOMETRIC MODEL OF SGCI 
The shape of the graphetic particle has a signifi-
cant influence on size of eigenfrequences as well 
as there is the influence on state of surround-
ing stress. If we want to evaluate the quality of 
graphetic particle, we have to determine some 
geometric characterizations which describe the 
mentioned particle. The given determination is 
also closely connected with the method of mea-
surement of these characterizations [11]. The pre-
cise description of boundary relating to graphetic 
particles can only be obtained during the process 
of evaluation of results of FEM analysis. This partial 
restriction is caused by impossibility to obtain any 
other description of boundary. It can be done only 
by help of web of finite elements.
The first phase of preparation of models is con-
cerned with determination of basic model prop-
erties. Matrix could be considered to be a ho-
mogenous structure with the linear dependency 
deformation - stress. Graphetic particle could be 
the cavity which could be designed in a specific 
way and it means that   the web of the finite el-
ements would not be created in the area of this 
cavity. This type relating to modeling of graphetic 
particles is possible because of their properties: 
low tension and frequent decohesion from matrix.  
Calculation as well as statistic evaluation of re-
sults could be done only after generation of large 
number of geometric models and in this case, the 
generation should be done for approximately 750 
models. During the solving of given task, We de-
cided to create the automatic model generator 
which operates on the base of generating of ran-
dom numbers [11].    

Fig. 7 Types of elements for 2-D space

From the point of view of materials engineering, 
the preparation of geometric model is closely con-
nected with the utilization of characteristic data of 
SGCI (for purpose of definition of input data).  The 
mentioned characteristic data were obtained on 
the base of visual image analysis of the experimen-
tal material: 
the number of graphetic grains for 1 mm2: 100 ÷ 
300 units,
average diameter of graphetic grain:  0,01 ÷ 0,08 
mm,
area proportion of graphite in the structure: 4 ÷ 
12%.
The portion of graphetic skeleton depends on 
crystallization rate (growth is subjected to diffusion 
of carbon) and amount (proportion and number) 
of eutectic units especially depends on number 
of nuclei in molten mass (treating agents). These 
two mentioned factors have significant influence 
therefore they are the determinative factors for 
area proportion of graphite in the structure. On 
the base of the given mentioned fact hereinbefore, 
we generated the web from points which were 
connected together and these points can be also 
understood as representatives of potential cen-
tres of graphetic particles. The auxiliary parameter 
was used for their generation. This auxiliary fac-
tor specifies minimal distance between particular 
graphetic particles. For determination of the given 
diameter of graphetic particle, we have to gener-
ate the auxiliary web of points with the sufficient 
density, for example 100 x 100 points and then we 
can specify the number of points which belong to 
individual centres of graphetic particles. The men-
tioned process is the principle for determination of 
area proportion for graphite and it is in relation to 
the individual graphetic particles with the respect 
to number and size. According to this fact, it is pos-
sible to determine the diameter   of the individual 
graphetic particles. This type of change relating to 
generation of models is connected with the elimi-
nation of many problems including size, distribu-
tion and number of graphetic particles. On the 
other side, the diameter of particle can be under-
stood as function of mutual position of graphetic 
particles and it means that there is not any possi-
bility of occurrence of such particles which would 
be disproportional from the aspect of  “largeness” 
or size and it also means that there is the elimina-
tion of occurrence of too “small” particles of sphe-
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roidal graphite. According to these properties, the 
algorithm was supplemented by control of scatter-
ing relating to size of graphetic particles. In case 
that the given scattering runs over the determined 
values, the selection relating to centres of graphet-
ic particles is not suitable for any other analysis 
and therefore these unsuitable particles  are not 
utilized for any other analysis. The algorithm which 
was made in this way fulfils all qualitative as well 
as quantitative parameters. This given algorithm is 
also supplemented by ability of shape variation for 
graphetic particles.   
Software solution of algorithm is connected with 
software Octave (share-ware version of Matlab) 
which is able to generate input file for software 
GID where spline curves are used for solutions in 
the area relating to individual graphetic particles. 
End points of spline are identical but they are not 
continuous. The post editing of spline curves can 
help us to obtain continuous areas which repre-
sent graphetic particles. Subtraction of the area for 
graphetic particles from the whole area of investi-
gated model is used for obtaining of resultant geo-
metric model without graphetic particles whereby 
the boundaries of the model are continuous.   This 
obtained geometric model is saved in IGES format. 
FEM in software ADINA is used for consecutive 
analysis because this software allows download-
ing of geometric data in IGES format. The results of 
generated “graphetic particles” in software Octave 
can be found in the Fig. 8. Arbitrary structure of 
material can be represented by graphetic particles 
which are randomly generated for creation of the 
model of various size and shape. 
 As it has been said, graphetic particle can be un-
derstood as a cavity in the structure of material 
with its various size and shape. The whole problem 
is based on the solution of the two-dimensional 
system. The limiting conditions can be represented 
by taking of degrees of freedom from the whole 
circumference relating to model. The linear mate-
rial model with the respect to Young’s modulus, 
also known as tensile modulus E = 2,1x105 [MPa], 
Poisson’s ratio ν = 0,3 and mass density ρ = 7850 
[kg/m3] is used.
The area of the resolving is determined for one or 
more graphetic particles with the size 0,5 x 0,5 mm, 
while graphetic particles are generated in the area 
0,45 x 0,45 mm. This chosen ratio for area of reso-
lution, where graphetic particles are generated, 

means elimination of influence including eigenfre-
quences which can be connected with the close-
ness of boundary for area of resolution. The gener-
ated web of finite elements is shown in the Fig. 9.

Fig. 8 The process of generation of shapes of graphet-
ic particles in the analyzed areas

Fig. 9 The generated web of finite elements for more 
particles

The Fig. 10 and 11 represent only the first and the 
second shape of eigenfrequency but Fig. 12 and 
13 represent the first and the second shape of ei-
genfrequency with the respect to distribution of 
stress around the graphetic particles. Fig. 14 and 15 
show 750 analyses in dependency on area propor-
tion of graphite for the first and the second shape 
of eigenfrequency. According to the analysis, we 
are able to specify that increasing distribution of 
graphite means decreasing of eigenfrequency.

Fig. 10 The first shape of the eigenfrequency
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Fig. 11 The second shape of eigenfrequency 

Fig. 12 The first shape of eigenfrequency with the re-
spect to distribution of stress around graphetic par-
ticles 

Fig. 13 The second shape of eigenfrequency with the 
respect to distribution of stress around graphetic par-
ticles 
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Fig. 15 The second eigenfrequency for different area 
proportion of graphite 

Fig. 14 The first eigenfrequency for different area pro-
portion of graphite

CONCLUSION
The given analysis showed that decreasing of ei-
genfrequency is subjected to increasing of gra-
phetic distribution. According to this mentioned 
fact, we can say that ductile cast iron has perfect 
absorbing or damping capacity.
Existence of graphetic particles in matrix causes 
concentration of stress and the intensity of the 
given stress depends on the shape of graphetic 
particles. The concentration of stress is increased 
by irregularity of graphetic particle.    The most per-
fect distribution is found out for spheroidal shape 
relating to sphere. The mentioned process relating 
to investigation can be used for any other types 
of cast structures, for example for grey cast iron 
with lamellar graphite etc. The results which are 
obtained on the base of analyses represents the 
first information about loading and properties of 
the whole system or  structure  of material and the 
most important fact is that this given information 
is known before the given technological process-
ing.
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