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“Hypothesis:
(1) Flaw introduces additional degree of freedom.
(2) Frequency of flaw mode decreases as flaw size grows.

(3) Flaw mode causes change in signature by:

(a) Dynamic coupling with modes in filter
bandwidth.

(b) . Nonlinear coupling at subharmonic frequencies.

(c) Friction damping.

Figure 5.~ Hypothesis on the sensitivity of
random decrement signatures to flaws.
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Figure 6.- On-line failure detection at a
- single point on the signature.
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(b) Spectral density of accelerometer output.

Figure 7.- Experiment with truss
(angle steel with bolted joints).
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Figure 7.- Continued.
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Figure 7.- Concluded.
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Figure 8.- Evolution of the random decrement signature
of a wing model approaching complete failure.
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Figure 9.- Samples of time history of strain gage
output at times when signatures of figure 8
were taken (filter band-pass 200-1500 Hz).
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Figure 10.-~ On-line damping measurement
display (no distortion).
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Figure ll.- On-~line detection of nonlinear

effects with amplitude.
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Figure 12.- Measurement of damping ratio from signature
of a single-degree-of-freedom system.
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Figure 14.- Example of damping measurement
of an isolated mode.
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Figure 15.- Example of damping measurement of two modes
with nearly the same natural frequency.
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Figure 18.- Effect of filtering on RMS of

55




[image: image22.jpg]56

-0.8

-1.0

Nygquist frequenc
G(f) r/r" b o q b 4
| . I P £ = 0.0003
C = 0.02—\
. N
| 'JL‘=== f
fn Bfn 15fn

- = -

® Single mode at £

0 Two modes, £
15fn

Figure 19.- Effect of aliasing on andomdec signature
for y_ = cy, M = 4098, { = 0.02.
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Figure 20.- Comparison of distortion effect of isotropic
turbulence input spectrum on autocorrelation
and Randomdec signatures.
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Figure 23.- Plot of computer program output
(£ = 0.02, unfiltered, M = 4098).
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Figure 24.- Cumulative distribution of G(16) and H(16) values
plotted on normal-probability paper
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Figure 25.- Continued.
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Figure 26.- Effect of selection level near a peak and
at zero for a lag of one period ({ = 0.02).
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Figure 28.- Hypothesis that random decrement in the limit

gives exactly the free vibration decay value at a lag of
one period (_P = Q= 16, /¥ = 0.02, M = 4098).
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Figure 29.- Effect of low-pass R-C filter on randomdec

signature for ¥ ™ oy (( = 0.02, M = 4098).
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Figure 30.- Distortién of signature at 1/2, 1, and 1 l/2-period
points due to R-C filters (M = 4098, { = 0.02).
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Figure 30.- Continued.
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Figure 3l1.- Variation of standard deviation of Randomdec
with filtering and damping ratio.
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Figure 32.- Measured and predicted time factors.
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Figure 33.-~ Comparison of random decrement with autocorrelation

values at a time lag of one period.



[image: image41.jpg]20 T T T T

- © Randomdec (y, = cy)

[ Autocorrelation

Figure 34.- Standard deviation of randomdec and
autocorrelation for various damping ratios.
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