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Figure 1: ldealintion of the structure

The plates are of box canstructim. However. in this
analysis. they are represented by miform plates whose thickness is
determined as as to give the correct moment of inertia about the
neutral aurfau.

Because of the geometry of the structureI it was decided
to use rectangular elemts for the plates. For the vibration of
plates with various boundary conditions, a good rate of convergence
was obtained using a fully compatible element with the transverse
displacemnt represented by Hermitianpolynomials. [1]. [1k This
is a sixteen degree of freedom element which requires the 3 [axay
term to be considered. at each node. however, with the formulation
used in the present analysis, it is not possible to conbine this
term with the degrees of freedom considered for the beams and
collmns. By using an approximate expression for the twist as a
fmction of the slopes at neighbouring nodes. four constraint
equations are found, reducing the sixteen degrees of freedom to
twelve. It can be shown [3] that this modified elenent can still
represent the constant strain conditions. The displacemnt and
tangential slope bctueen adjacent elements are continuous but the
normal slope is no longer continuous. however, very good rates of
convergence have been obtained using this elemnt.

Finally the mass of the casing and the machines has been
considered by assigning different densities to those elemnts which
support them.

Free Vibration

Since this type of foundation is to a very large extent
symtric about the vertical plane through the shaft, only half of
the structure needs to be studied in the free vibration analysis.
The symmetric and asynmetric cases are considered separately by
applying appropriate boundary conditions.

The analysis has been carried out forthe particular
foundation shown in fig. 1 for which experimental results are

available. Once the eigenvalues and eigenvectors have been found,
the value of the displacements along the elemnt sides can be
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calculated. These displacements were plotted in a convenient scale
using a Calcamp plotter. A typical mode shape is shown in fig. 2.

 

Figure 2: fipical made shape

In general, the vertical vibrations of the plates and beams
are coupled to the transverse vibration of the columns through the
slope at the joints. Despite this. in all the nudes calculated, the
displacement throughout the structure was shown to be either
predominately vertical at longitudinal snd transverse. the latter
corresponding to twisting of the columns. Indeed, there was very
little change in the vertical frequencies when all the other degrees
of freedom were canstrained. Similarly. constraining the vertical
degrees of freedom did not appreciably alter the frequencies of the
twisting modes.
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Figure 3: Vertical displacemnt and calculated natural
frequencies

Fig. 3 shows a typical plot of the vertical displacement

masured at point A in fig. 1, as the turbine speed is increased

from D to 50 3:. Also shown in the same figure are scan of the

calculated natural frequencies of the foundation. These frequencies

carrespoad to these made shapes which were found to have an _

appreciable displacean at this point in the structure. Although  
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