B. Cirkovig i dr. Analiza nosece konstrukcije alatnog stroja od kompozitnog materijala metodom konacnih elemenata

ISSN 1330-3651(Print), ISSN 1848-6339 (Online)
DOI: 10.17559/TV-20130928105016

ANALYSIS OF THE SUPPORTING STRUCTURE OF COMPOSITE MATERIAL TOOL
MACHINE USING THE FINITE ELEMENT METHOD

Bogdan Cirkovié, Ivica Camagié, Nemanja Vasié, Zijah Burzié, Boris Foli¢
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Machines aimed for different purposes must be designed taking into account specific shape, type of load and materials they are made of. Nowadays
different design solutions can easily be examined by using the finite element method. In this paper an example is given of examining a machine with

closed supporting structure, made of iron-concrete, dynamically loaded composite material.
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Analiza nosece konstrukcije alatnog stroja od kompozitnog materijala metodom konaénih elemenata

Izvorni znanstveni ¢lanak

Strojevi razli¢ite namjene moraju biti projektirani uzimaju¢i u obzir specifican oblik, vrstu opterecenja i materijal od kojeg su izradeni. Razli¢ita projektna
rjeSenja danas se mogu lako provjeriti primjenom metode konaé¢nih elemenata. U ovom radu dan je primjer takve provjere zatvorene nosece konstrukcije
alatnog stroja izradene od kompozitnog materijala Zeljezo-beton, dinamicki opterecene.

Kljucne rijeci: dinamicko opterecenje; kompozitni materijal Zeljezo-beton; metoda konacnih elemenata; noseca konstrukcija

1 Introduction

The theory of continuum mechanics represents the
basis for application of the finite element method (FEM)
to solve a wide range of problems [1 + 4], including
modelling of composite materials, [5, 6]. Here the FEM is
used for analysing the dynamic behaviour of the
supporting structure of tool machine, made of composite
material.

Fibrous composite material iron-concrete is a new
material used for supporting structures, with concrete
matrix and fibre reinforcing steel [7, 8]. Such a composite
material, iron-concrete, was used for the supporting
structure of a tool machine, as described in this paper, and
analysed using a representative example.

2 Modelling by the finite element method

The supporting structure of tool machine is its

fundamental part which functions are as follows:

e to connect all the other elements of the machines in a
single unit and maintain their configuration;

e to sustain loads to which the machine is exposed
during operation.

The model of the carrying structure analysed in this
paper is a 2D, since but the distribution of all physical
quantities does not change in one direction. Therefore the
plane stress model with isoparametric two-dimensional
finite elements is applied. Examining the local influences
(openings and holes) and the stress concentration is not
part of this study, but can be easily obtained through the
use of the finite element method, as shown in [9 + 13].

The model of the supporting structure was made,
Figure 1, in accordance with the previous analyses [14].
Toward this aim, the supports are located as shown in Fig.
1, marked by "123", "12" and "2". The mark "123"
indicates no movement in X, Y and Z directions, the mark
"12" no movement in X, Y direction, and the mark "2" no
movement in the direction of the Y axis.
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Figure 1 Supporting structure model by the finite element method

Such distribution of supports reduces displacements
and strains of the pillars to the minimum. This reduction
is of the utmost importance, since the composite material
iron-concrete has poor tensile characteristics.

The traverse (red) and pillars (blue) displacements are
shown in the critical points, Fig. 2, vs. time, given in
msec. Total observed time during traverse and pillars
movement was 1 s.

The critical points are in the middle of the traverse
(415) and in the middle of the pillar (325), as shown in
Figs. 1 and 2, where the numbers in parentheses represent
the number of nodes in the finite element mesh, in which
the values were measured.

Figs. 3 and 4 show in the same way the traverse and
pillars displacements for two different inputs, circular
frequency (Fig. 3) and modulus of elasticity (Fig. 4).
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Figure 2 The traverse and pillar displacement
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Figure 3 The traverse and pillar displacement — effect of circular frequency
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Figure 4 The traverse and pillar displacement — effect of modulus of elasticity

Fig. 5 shows displacements of all points in the In order to investigate the influence of material on the
carrying structure in a certain moment during the working dynamic behaviour of supporting structure, elastic modu-
time of the machine, which was earlier identified as the lus of the composite material has been changed in
most critical one, i.e. the moment when the amplitudes are accordance with previous research [9 + 12, 15], as given
maximal, as shown in Fig. 2. in Tab. 1.
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Figure 5 Displacements of the supporting structure at the critical time 250 ms
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Figure 6 Displacements of the supporting structure at the critical time 250 ms — effect of circular frequency
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Figure 7 Displacements of the supporting structure at the critical time 250 ms — effect of modulus of elasticity
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Another important influence is due to workload, as
defined by the formula, [16]:

F(f):i'f:::—"[n—zism("'g't)} W

tob ob n=l1 n

The required data remained the same as in the first
model, as well as other values that affect the dynamic
behaviour, whereas the difference appears only in the size
of forced oscillations of the workload.

In Figs. 6 and 7 the effects of circular frequency of
coercive force and elastic modulus are shown, respective-
ly, while the other parameters related to the design and
characteristics of the composite material were the same.
Results in Figs. 6 and 7 indicate that the reduction of
circular frequency of coercive force and the increase of
modulus of elasticity improve characteristics of the com-
posite material and thus reduce the dynamic shifts and
better dynamic behaviour of the entire supporting
structure.

Table 1
Size Label | Unit Diagram | Diagram | Diagram
2 4 6
The modulus
of elastlf:lty of E |MmPa 44559 55000
composite
material
Circular
frequengy o | ! 50 10 50
of coercive
force

3 Conclusion

Based on the solutions provided by the finite element
method, one can examine different designs of the
supporting structure of tool machine.

Results presented in this paper have proved that the
reduction of circular frequency of coercive force and the
increase of modulus of elasticity have positive effect on
dynamic behaviour of supporting structure made of
composite material. These effects have also been
quantified in terms of reduced displacements.
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