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Spectral Analysis for Drop Tower Characterization

The objective is to determine the number of drops that should be performed to adequately characterize the vibratory regime of the drop tower platform.  To properly address this question, we must assume that the acceleration spectrum does not change from drop to drop.  That is, the dynamics of the platform do not change and no new (or varying) disturbance sources are introduced.

The power spectral densities (PSDs) that are to be computed from the acceleration time series, which are recorded for each drop, will be spectrally averaged.  Averaging has the effect of reducing the spectral variance.  The variance of the summed estimate will be smaller than the [unaveraged] estimate itself by a factor of exactly (1/k), i.e., the standard deviation will be smaller than 100 percent by a factor of (1/sqrt(k)).
  For example, averaging data from 100 drops would reduce the standard deviation to 10% of the value it would have been without averaging.  The number of drops used for this particular example may be cost prohibitive, but the diminishing returns shown by the curve in the figure below helps with our decision regarding the number of drops to perform.  It suggests that as few as a dozen drops would greatly improve our estimate of the acceleration power spectrum.
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Reduction of Spectral Variance via Averaging


To be more precise, we could select an allowable percentage of uncertainty in our PSD estimate, u, and determine the number of drops, k, that will meet this from k = (100/u)2.  I would suggest that somewhere between 15 and 20 drops should give us a reasonable estimate.
� Numerical Recipes in C, Chapter 13, Section 13.4 -- Power Spectrum Estimation Using the FFT





