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BEM - BOUNDARY ELEMENTS METHOD USED AT THE STUDY OF
STRESS CONCENTRATORS (CUTS-OFF) AT ROTATIONAL DISKS
IN AXTAL-SYMMETRIC THERMAL REGIME
PART III - EIGEN VALUES PROBLEMS AT DISKS

GHEORGHE N. RADU, IOANA SONIA COMANESCU

Transilvania University, Brasov

One makes a few considerations regarding the way we approach the eigen values problems at disks in rotational
motion and in thermal regime. More specific, one specifies the way to determine the critical temperatures of
loss of stability at rotational disks. The temperature distribution is axial-symmetric (the temperature law of
variation on the radius and on thickness is the subject of other papers). In comparison to the equations obtained
before, we further on use a relation written in polar coordinates (the calculus is much simple for the case of

symmetric structures axial symmetric loaded).
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with the following notations :
- oy, Op, Trg - Membrane stresses ;
- Rand O - massic forces per volume unit which act in the plate’s plane. Their values are :
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One uses the Airy’s function and on basis of the notation f = g—we get the expressions:
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The number of nodal diameters is denoted by q and one searches the displacements whose forms are:
w(r,0) = wy(r)-cosq6

We make the notation:
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On basis of the equations (2)...(5), the start relation (1) takes the form:
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Fig 1.

In order to solve the problem of eigen values, one uses the finite differences. The problem becomes one-

dimensional, this way getting a function of the current radius r.

For the solution we need the expressions of the sectional internal forces, too (Fig. 1).
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Further on one study each concrete case. For instance, at a free edge disk, one writes the following boundary

condition:
_ My _ 0
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With help of this condition it results successively:
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From the theoretical considerations one gets that the studied problem is solved on basis of equation (6), of the
sectional internal forces and of the limit conditions of the concrete studied cases. One uses the central finite
differences and a problem with n+2 unknowns yields.

One attains a problem of eigen values:
[AKW} = A[BKW} (12)

were the following notations were made:
- {W3} - the column matrix of the nodal values from the finite differences frame;
- [A] - the square matrix of the coefficients of the terms which do not contain values of the function of

stress f;
- [B] - the square matrix of the coefficients of the terms which contain the values of f;

- A -the proportionality coefficient of the reference membrane stresses field.
Finally, the basis relation takes the form:
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One made the following notations:
- fr —stress function produced by temperature;
- f, - stress function produced by revolution.

The first member from equation (13) together with the limit conditions form the matrix [A], from equation (12),
and the second member forms the matrix [B]. This way, one takes into account only the stresses produced by
temperature, in order to get the critical values of the membrane stresses.Based on the exposed theory, one gets
an easy to modify software, adaptable and easy to use.The temperature distribution has been experimentally
determined. By comparing the theoretical results with the experimental data, one finds out that the temperature
varies after a second degree law:

2

TN =Ty +(T, -Ty)- c (14)
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The aim of this study is shape dimensions optimization of concentrator, and thus “temperature effects” to be
useful compensated and stability loss avoided. Maximum equivalent stress variation determined with the V™"
theory von Mises is given in figure 2.a. It can be observed a stress decrease with an increase in revolution.

The diagram from figure 2.b. shows the maximum equivalent stress variation, which develops in front of
concentrator (bottom releasing) with revolution. In this case, there can be seen that the maximum stress
decreases with the increase of revolution up to 5000 rev/min, and then to increase further more; stress weight

given by centrifugal force is bigger than the one given by temperature.

Next are given a few examples of stability loss for disks with “slots”, being in thermal axial-symmetric regime in
a revolution movement (is taken into account the influence of membrane-Karman stresses field).

Figure 3 gives the modes and proper values of buckling for disks with 30 mm “slots” subjected to a temperature
difference of 50 K.
DISK-SLOTS OF 30 mm.
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Fig. 5.

In the case of disk behavior being in rotational and thermal regime, a very important emphasize is that the
tensions, deformations and temperatures are related in a very complicated manner. The precise solution for
thermo elasticity problems presents great difficulties, and therefore, the number of precise solutions is very
small. For axial-symmetric cases (structure, stress) were used: the finite element method, central finite
differences method and the boundary element method. Next, the study is concerned with disks that presents slot
shape cuts-off, like figures 3 and 4. Like for the precedent case, disks have been considered being constrained on
the inner contour. Temperature difference between the outer contour and the inner contour is of 50 K, the outer
contour being warmer. Temperature distribution along the radius has been established, to which a coefficient c=-
0.4 corresponds. From comparison of the two cases, can be observed that by raising the fillet radius from 1.5mm
to 2mm, is obtained a good improvement of induced stress and deformation. Is notice that the obtained results

are very good.
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Fig. 5.a. Fig. 5.b.
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