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M RANDOM VIBRATION
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DEFINITION 5 ——

= Non-deterministic
= Non-repetitive

= Stationary vs. Non-Stationary

= | inear vs. Non-Linear

Acceleration Waveform

APPLICATIONS

= Most widely used test type
= "Real World" Vibration
= Automotive (Road Vibration)
= Airplane wing in flight

= Product Validation e e e T i
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m KEY TERMS OF THE PSD
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W POWER SPECTRAL DENSITY
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Power
= Magnitude of the PSD

= Mean square value of the signal
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= The PSD is a function of frequency

= Representative of signal distribution over a
spectrum of frequencies
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W GENERATING THE PSD
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= Gaussian Time-Domain Input Data
= Time-Domain data is partitioned into frames

= Each frame of time domain data is transformed into the frequency domain using the Fast
Fourier Transform (FFT)

= Complex Frequency-domain data is converted to power by taking the squared-magnitude of
each frequency point

= Squared-magnitudes (power values) of each frame are averaged together
= Qverlapping, windowing, normalizing
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INPUT TIME DATA

Acceleration Time History
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DIVIDE INTO FRAMES

G 2
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Acceleration Time History
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30

Frame 1

APPLY WINDOW FUNCTION TO EACH FRAME

Acceleration vs. Time

Frame 2 | Frame 3 | Frame 4 | Frame 5
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Acceleration (Gpk)
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Frame 1

CALCULATE FFT FOR EACH FRAME

Acceleration (G)
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AVERAGE THE FFT
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m CONVERT FFT TO POWER
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CREATE A PSD
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Power Spectral Density
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THE PSD
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Linearly Spaced Lines of Resolution Linearly Spaced Lines of Resolution
(Log Graph)
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FREQUENCY RESOLUTION

= Determines Bin Width of the PSD
= Single point amplitude/bin
= High Lines = Small Bin Width

= Higher resolution will create a single
point amplitude that more closely
represents the energy of that particular
frequency range

= 3+ |[ines of resolution in a resonance to
properly resolve the peak

PSD COMPUTATION

Acceleration Spectral Density (G*/Hz)
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W STATISTICS AND PROBABILITY
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» Mean - Ist Statistical Moment, Arithmetic Average
= For random vibration, the mean is often at or near O
= Mean Square
= Measures the average strength or power of a signal

= Variance - 2nd Statistical Moment, “Hashiness of Signal”
= As Degrees of Freedom (DOF) increases, variance decreases
= Standard Deviation
= Variability of a signal about its mean value
= For random vibration, Root Mean Square (RMS) = Standard Deviation

= Skewness - 3rd Statistical Moment, More positive or negative
= Measure of the asymmetrical spread of a sighal about its mean value



W STATISTICS AND PROBABILITY
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K=3

KURTOSIS

W N R O R N W

= Normalized 4th central moment

0 500 1000 1500 2000 2500

K=10

= Characteristic of the waveform that
describes the “peakiness”

= Probabilistic Distribution of peaks in
random vibration

= Gaussian Distribution K=3
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Acceleration (G)
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= For traditional vibration testing the kurtosis
will equal 3 K=20
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= FIELD DATA is often Non-Gaussian 10
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ANY QUESTIONS?

Vibration Research Corporation

+1.616.669.3028
vrsales@VibrationResearch.com

1294 Chicago Dr | Jenison, M| 49428 USA

VibrationResearch.com

ke N




	What is the PSD?
	CORE VALUES
	dOWNLOAD Demo sOFTWARE
	Random Vibration
	Key terms of the psd
	Power Spectral Density
	Vibration research university
	Generating the PSD
	Input Time Data
	Divide into Frames
	Apply Window Function to Each Frame
	Calculate FFT for Each Frame
	Average the FFT
	Convert FFT to Power
	Create a PSD
	Overlapping
	The PSD
	PSD Computation
	Statistics and Probability
	Statistics and Probability
	ANY QUESTIONS?

