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Introduction

Vibration testing is a important subject of mechanical engineering, automotive design,
aerospace safety, and structural health monitoring. It allows engineers to evaluate how
materials, components, and systems respond to dynamic loads. However, raw vibration data
is often complex, noisy, and difficult to interpret. This is where signal processing becomes
indispensable: it transforms raw sensor outputs into meaningful insights about frequency
content, damping behavior, resonance, and structural integrity.

Fundamentals of Vibration Signals

e Sources of Vibration: Mechanical systems generate vibrations due to rotating
machinery, impact loads, aerodynamic forces, or road irregularities.

e Measurement Tools: Accelerometers, strain gauges, and displacement sensors
capture time-domain signals.

¢ Challenges: Signals are often contaminated with noise, nonlinearities, and
overlapping frequency components, making direct interpretation unreliable.

Signal processing provides the mathematical and computational framework to filter,
analyze, and extract features from these signals.

Key Signal Processing Techniques

1. Time-Domain Analysis

e Waveform Inspection: Observing raw acceleration or displacement signals to detect
anomalies.

o Statistical Features: RMS values, peak-to-peak amplitudes, and kurtosis help
quantify vibration severity.

o Transient Detection: Identifies sudden impacts or shocks in machinery.
2. Frequency-Domain Analysis

e Fourier Transform (FFT): Converts time signals into frequency spectra, revealing
dominant vibration modes.



e Power Spectral Density (PSD): Shows how energy is distributed across frequencies,
useful for fatigue analysis.

¢ Resonance ldentification: Pinpoints natural frequencies where vibration amplitude
spikes.

3. Advanced Methods

¢ Wavelet Transform: Captures both time and frequency information, ideal for non-
stationary signals.

e Order Analysis: Used in rotating machinery to correlate vibration with shaft speed
harmonics.

¢ Modal Analysis: Extracts mode shapes and damping ratios, critical for structural
testing.

Applications in Vibration Testing

¢ Automotive Engineering: Signal processing helps evaluate seat comfort, suspension
performance, and NVH (Noise, Vibration, Harshness) characteristics.

e Aerospace: Aircraft structures undergo modal testing to ensure safety under
turbulence and engine vibrations.

¢ Manufacturing: Condition monitoring of rotating equipment relies on spectral
analysis to detect bearing faults or misalignments.

Practical Workflow

1. Acquire Vibration Data

Collect raw signals using accelerometers or displacement sensors.
e Mount sensors securely on test structure

e Ensure sampling rate exceeds Nyquist frequency

e Record baseline noise levels

2. Pre-Process Signals
Clean and prepare data for analysis.
o Apply anti-aliasing filters

e Remove DC offset and drift



e Normalize signals for comparison

3. Transform to Frequency Domain

Convert time signals into spectra for resonance detection.
e Use FFT for stationary signals

o Apply PSD for energy distribution

o Identify peaks corresponding to natural frequencies

4. Apply Advanced Analysis

Extract deeper insights from complex signals.

¢ Use wavelet transforms for non-stationary events

e Perform modal analysis for damping and mode shapes

e Conduct order tracking for rotating machinery

5. Interpret and Validate Results

Translate processed data into engineering decisions.
e Compare with design specifications

o Validate against experimental benchmarks

e Document findings for quality assurance

Conclusion

Signal processing is the backbone of vibration testing. Without it, engineers would be left with
raw, chaotic data that obscures critical insights. By applying time-domain, frequency-domain,
and advanced analysis techniques, vibration signals become powerful tools for diagnosing
faults, optimizing designs, and ensuring safety. As industries push toward smarter, more
resilient systems, the role of signal processing in vibration testing will only grow in
importance.





