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Modern polygraphic equipment is required to be designed with minimum weight and 
dimensional parameters.  The optimal modes of their operations are also very important. These 
requirements can be met by using cellular materials with regular microstructure, which are 
manufactured using special technologies. To design the links of the mechanisms of polygraphic 

equipment from new materials, first it  s necessary to study the strength properties of cellular 
materials. This exploration will show how the  stress will be distributed in the microstructure 
of the material. It is also important to find the points in the unit cell of the microstructure, 
where stresses will get their maximum values. This paper presents the influence of the 
geometrical parameters of a unit cell on the stress distribution inside the material of a regular 
microstructure. Studies have been carried out by modeling the stress state of a unit cell using 
the numerical method. A numerical method is proposed for the estimation of the stress 
concentration factors (SCF) on the cell wall junctions of the cellular structure. The SCF was 
defined by multiplying  the nominal stress components applied to the sides of the unit cell to 
the stress components at the filleted cell wall junction.  

The use of materials with a cellular regular microstructure in the design of polygraphic 
equipment will save material resources. In addition, this will open up new opportunities to fill 
the cells of the microstructure with piezoactive materials, which are a source of high-frequency 
vibrations that improve the performance of machines.

Keywords: cellular material, regular microstructure, stress concentration factor, 
polygraphic equipment, high- frequency vibration. 

 
Introduction. In  the present stage of science, with the development of Additive 

Manufacturing techniques, the study of the mechanical behavior of this material has 
become more actual. 3D printing processes permit to obtain products with high 
dimensional accuracy, so it is possible to accurately control the geometry of each 
single cell. The cell shape plays a very important role in the mechanical behavior of 
the material [1,2].  The geometrical parameters that characterize each cell are the strut 
length L, the strut thickness t and the fillet radius R (at the joints of the cell walls). The 
objective of this research is to determine the influence of  radius R,  thickness t and the 
type of the  applied load on the Stress Concentration Factors (SCF), which is the ratio 
between the maximum equivalent stress and the equivalent stress calculated by using 
the nominal stress components, acting on the unit cell.The fillet radius R and the cell 
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wall thickness t were normalized to the cell wall length L.The SCF was calculated in 
large domains of the geometric parameters: wall thickness to the  edge length ratio in 
the interval [0.01, 0.2] and fillet radius to the  edge length ratio in the interval 
[0.01, 0.15]. All these studies allowed us to assume that the cells can be filled with 
piezo active material, so that we get high frequency vibrations [3]. Specifically, 
application of high frequency vibration ensures the improvement of the three knife 
polygraphic cutting machine technical parameters.It improves the cutting accuracy, as 
well as reduces the energy consumption [4]. 

Modeling.  The 2D cellular structure with staggered square cells is discussed. 
The aim is to obtain a model, which will allow to calculate the values of the SCF as a 
function of the unit cell geometrical parameters, namely the cell-wall thickness t and 
the fillet radius R at the cell junctions and the type of the load applied.  This was 
achieved by applying the Finite Elements (FE) method to the unit cell for wide 
intervals of t and R to calculate the SCF for each couple of parameters. As there is a 
certain symmetry and periodicity in the structures, it is possible to identify the unit 
cell, which is the building block that builds up the whole structure. Thus, it is only 
necessary to model the unit cell in order to obtain the properties of the whole structure. 
The staggered square structure and the unit cell are shown in Fig.1. 

The main goal of this paper is to find the relationship between the SCF and the 
unit cell  geometric parameters t and R. Here the Stress Concentration Factors is 
defined as the ratio between the maximum equivalent stress that exists at the joint and 
the equivalent nominal stress applied to the unit cell  

 

 
Fig. 1. The staggered square structure and the unit cell 

The relationship between the components of the nominal stress tensor and the 
components of the maximum stress tensor is expressed by Eq. (2): 
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.  

Each element of the matrix of the coefficients Kij represents the SCF due to the 
junction that multiplies the nominal stress jn and contributes to the maximum stress 

i.  Each element of the matrix of the coefficients represents the SCF due to the 
junction that multiplies the nominal stress and contributes to the maximum stress [5]. 

The elements of the SCF matrix can be calculated by applying the appropriate 
boundary conditions. The model of the unit cell was built in ANSYS. The periodicity 
of the structure was enforced with constraint equations that couple the displacement of 
the sides of the unit cell.  
can be calculated by applying monoaxial nominal loads on the unit cell. The X 
component of K is calculated by applying a monoaxial load in direction X on the unit 
cell ( ). 

 
     Fig.2. Monoaxial load in              Fig.3. Monoaxial load in         Fig.4. The unit cell is     
              direction X                                     direction Y                         loaded under pure shear 
 

The Y component of K is calculated by applying a monoaxial load in direction 
Y on the unit cell ( ).The third component of K is calculated by applying pure 
shear 12 ( ). 

The non-triviality is related to the fact that what is needed is the maximum Keq 
and the point on the fillet where it is reached, both depend on the combination of the 
nominal stresses. 

To calculate  the stress concentration factorA, B,C,D fillets were considered 
(Fig.5). 

As the structure is periodic, stress is also distributed with some periodicity. The 
comparison of  behavior of stress components in A, B, C, D fillets showed that the 
results in fillet A are the same as in C, and the results in fillet B are the same as in D. 
Thus for further studies only 2 fillets can be considered. In some cases, mostly when 
the  load along direction X prevails, the point where the highest stress occurs is out of 

    (2) 
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the fillets, on the horizontal line (as shown in Fig.6). Stresses on the horizontal line are 
also distributed equally in the 1,2,3,4 areas. So for further analysis, fillets A, B and 
area 1 in the horizontal line were considered. 

 

       Fig. 5. Unit cell of the structure         Fig. 6. Stressed areas                Fig. 7. Fillet radius 

Results. A numerical method was used to get the values of the local stress 
components on the cell wall junctions and horizontal line of cellular structure.  Data 
are obtained that show the relationship between the position of the node where 
maximum SCF occurs, and the ratio between the nominal stresses. 

Referring to Fig. 7, the maximum equivalent stress occurs in a point close to A 
in the case of a prevalently monoaxial load along direction Y, close to location C in 
the case of a prevalently pure shear. In most cases, when the load along direction X 
prevails, the point maximum stress occurs out of the fillets. Stress concentration 
factors as a function of the geometrical parameters of the structuret / L and R/ L are 
shown in Fig. 8. and Fig. 9. 

Fig. 8. Stress concentration factors as a function of the geometrical parameters of the structure 
t / L 
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Fig. 9. Stress concentration factors as a function of the geometrical parameters of the structure 
R/ L 

 
 Conclusion. The SCFs were calculated via the FE method for each couple of 

the cell-wall diameter t and the fillet radius R at the joints varied in a wide interval of 
their value. An equivalent SCF Keq based on the von Mises equivalent stress criterion 
could be then obtained. This Keq is basically a factor that gives the maximum 
equivalent stress on the cell wall junctions by multiplying the von Mises stress 
calculated from the nominal stresses on the unit cell. The SCF was calculated in large 
domains of the geometric parameters: wall thickness to the edge length ratio in the 
interval [0.01, 0.2] and the fillet radius to the edge length ratio in the interval 
[0.01, 0.15]. The model allowed to efficiently calculate the optimum geometrical 
parameters of the structure.The results plotted in Fig. 8.and Fig. 9. show that the cell 
wall thickness has a greater effect on SCF than the fillet radius. Looking at the graphs 
we can conclude that in order to avoid high values of SCF, it  is recommended to 
choose the cell wall thickness to the edge length ratio interval [0.01, 0.2], and the  
fillet radius to the edge length ratio in the interval [0.12, 0.15]. All these studies allow 
us to assume that it is possible to use cellular materials to design polygraphic 
machines with improved technical parameters.
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