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SUMMARY :

A derivation of the response of lumped parameter, Tinear systems

to random vibration excitations has been provided in order to

extend the method to enable the prediction of the output cross

goweg spectral density existing between various degrees of
reedom.

DISCUSSION:

The response of linear, Tlumped parameter systems to general
excitations can be obtained by either of two methods: 1) the
~direct integration of the equations of motion, or 2) the expan-
sion of decoupled equations involving generalized coordinates
(normal modes of vibration). The solution by the latter method
requires that damping terms be expressible in terms of either a
multiple of the stiffness or mass matrices, or a combination
thereof. It is usual practice to solve the equations assuming
that damping is small, exists separately for each mode, and that
the modes and frequencies can be obtained within desired accuracy
ignoring the effect of such damping. In view of the sparsity of
information concerning the damping phenomenon and the usual mag-
nitude of modal damping, these assumptions are adequate for the
analysis of the response of metallic type structures.

The finite element method of discretizing continuous structures
results in a lTumped parameter system which can be analyzed by the
above methods.  The MSC/NASTRAN computer pro?ram provide a means
of obtaining both direct as well as modal solutions for complex
structures subjected to arbitrary excitations. In particular,
the rigid format freguency response solution 30 provides for the
post-processing of frequency response data to obtain output
responses of various specified variables for response to Gaussian
random vibration excitation. Also, the inputs to various points
can be correlated arbitrarily as the user desires. However, the
cross power spectral density existing between output quantities
is not provided.



It 1is the purpose of this pa?er to present a method whereby the
desired cross power spectral density between output displace-
ments can be determined. Appendix A provides the derivation.
The results show that it is possible to obtain the cross
correlation existin? between two output variables by creating two
new scalar variables, equal to the sum and difference of the
desired output variables. ~Then, the output cross power spectral
density is given by one fourth of the difference in the power
spectral  density of the scalar responses Erovided by the
"OUTPUT(XYOUT)" case control request in the SOLUTION 30 rigid
format solution, i.e.:

Let: vl(t)

"

first output variable

"

v2(t) second " "

Define new scalar variables: S3(t) vl(t) + vz(t)

S(t)y = v (t)-v (1)
4 1 2
Let Phi3 = PSD of response of S
3
Phi = " " " nog
4 4
Then:
Phi - Phi
3 4
Phi = mmmcmmcmeeeo
12
4

= the cross power spectral density

between v1 and v?

Figures 1 through 3 illustrate the application to a specific
simple examﬁle problem.  The problem consists of a cantilever
beam, to which several bars are attached. The variables of
interest are the differences in the displacements of points 6 and
7, which are located a small distance apart. The configuration
is offset 45 degrees in the xy plane from the coordinate axes to
form a skewed system. Figure 1 shows the geometry, and the
results of the modal anal{sis. Thus, we define new scalar varia-
btes as follows, using multiple point constraint (MPC) equations:



Scalar variable 20 del. x = x - X

" " 21 = del. y =y - y7
6
The ordinary solution 30 output will give the power spectral
density of the output displacements for the new scalar variables.
However, the cross PSD must be determined by defining other new
scalar variables, as follows:

Scalar variable 22

del. x + del. y
" " 23 = del. x - del. y

The output of solution 30 will also yield the PSD’s of 22 and 23,
as well as the rms values. Figures 2 and 3 show the correspond-
ing PSD diagrams. The cross PSD’s can be determined simply as
one fourth of the difference of the figures, and the rms value as
on$ half of the square root of the difference in the mean square
values.



APPENDIX A

Random Response of Linear Systems

Al
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