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Figure 1: Idealizetion of the structure

The plates are of box construction. However, in this
mnalyeis, they are represented by umiform plates whose thickness is
determined no as to give the correct moment of inertia about the
neutral surface.

Because of the geometry of the structure, it wvas decided
to use ractangular elements for the plates, For the vibration of
plates with various boundary conditions, a good rate of comvergence
wag obtained using a fully compatible element with the transverse
digplecement represented by Hermitian polynomials. [1], [24‘; Thia
is a eixteen degree of freedom element which requires the 3 /axdy
term to be considered at each noda. However, with the formulation
used in the present amalysis, it is not possible to combine this
term with the degrees of freedom considered for the beams and
columng., By using an approximate expressiom for the twist as a
function of the slopes at meighbouring nodes, four constraint
equations are formed, reducing the sixteen degrees of freedom to
twelve. It can be shown [3] that this modified element can still
represent the constant atrain conditions. The displacement and
tangential slope between adjacent elements are contimuous but the
noermal slope is no longer contimupus., However, very good rates of
convergence have been obtained using this element.

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

Free Vibration

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

The analysis has been carried out for the particular
foundation shown in fig. 1 for which experimental results sre
available. Once the eigenvalues and eigenvectors have been found,
the valmes of the displacements slong the element sides can be
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calculated. These displacements were plotted in a convenient scale
using a Calcomp pletter. A typical mode shape is shown in fig. 2.

FPigure 2: Typical mode shape

In genaral, the vertical vibrations of the plates and beams
are coupled to the tramsverse vibration of the colums through the
alope at the joints. Despite this, in all the modes caleulated, the
displacement throughout the structure was shown to be either
predominately vertical or longitudinal and transverse, the latter
corresponding to twisting of the columms, Indeed, there was very
little change in the vertical frequencies when all the other degrees
of freedom were constrained. Similarly, constraining the wertical
degrees of freedom did not appreciably alter the frequencies of the
twisting modes,
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Pigure 3: Vertical displacement and calculated matural
frequencies

Fig. 3 shows a typical plot of the vertical displacement
measured at point A in fig. 1, ag the turbine speed is increased
from 0 to 50 Hz. Also shown in the same figure are some of the
calculated natural frequencies of the Eoundation, These frequencies
correspond to these mode shapes which were found to have an ]
apprecisble displacement at this peint in the structure. Although
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the distribution of the theoretical frequencies appesrs to be im
reasonable agreement with the experiment, it is penerally difficslc
to predict the relstive isportmce of the differen: narwral
frequencies. A better estimate of this can be obrained by wring =
method of predicting the response of the structure.

Respopse Anslywis

If the fomidstiom is ssbjected to a set of simapodd=l
forces, p, varying at a frequency =, them we haoe

HS + C& + Km - peif, e

wvhege N, € aad K are the oy, Exmping and stififpess metrices, anid o
gives the displacerwsts at the nodes.

The wass and staffness matrices sve a9 wied im the foee
wvibration case. Siece the fomdatiom it of steel, the stonoberal
daping mxy be expected to be low and, im the present analywis, it is
represested by having the dampiny mrrix progortionsl tm the st fifres
matriz. The daping of the oil Hlmy 2t the beavings omm be
estimated [4], and these adfiticnsl terms 2Mded to the dumpimg matwiz

For the steady state resporce of the stroctere,

= i @

Sebatitating in equation (1), we hae
W'H ¢+ iuc + D - p (&)

This set of simoltacecws eqeations is sclwed o giwe he
couplex weetor wh, the composenty of whicdh represest im ampRitwie and
phase the steady state displacemest at the sodes, The fomeing
fonction dhosen, p, will be determimed mainly by shaft esoemtmicity
-ulﬂunitwillmy the sqguare of the frequemcy.

Io the idealization weed for the respomse analywis, e
complete founrdation mmst be considered sivece, in geveral, the mes—
ponse will have coxponents from both symmetric and asymmetTic modes.

Conclusions

The work cutlined in this paper is inteaded to giwe a
practical sethod of chedking designs of steel toxho-altermetor
fomndations by seans of free vibraticn amdl resporse smaliywis proETETE.
If a particular mode of wibratica giwes wmarceptable amplitmies, the
free vibration analysis can be osed to estimute the effect of a
stuctoral eodification on the mesomamce. Tm this sy, any pooposed
alteration can be checked, The respomse anzlysis provides, =t the
" desipn stapge, 20 estizmte of the Yewel of vibraticn that cm be
expected for a given shaft ecremtricicy.
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