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Vibration analysis is a cornerstone of condition monitoring and reliability engineering for rotating
machinery. Traditional methodologies, relying on waveform, Orbits, and spectrum interpretation,
have long served as effective diagnostic tools. However, with the advent of advanced data acquisition
systems and artificial intelligence (Al), there exists a significant opportunity to enhance both the
accuracy and predictive power of vibration-based assessments. This paper introduces VibeAl
(Vibration Intelligence for Vibration Evaluation with Artificial Intelligence), a structured methodology
that integrates conventional vibration analysis steps with Al-driven diagnostics, prognostics, and
businessintelligence to create a next-generation condition monitoring framework.

Executive Summary

Traditional Vibration Analysis Workflow

1. Data Acquisition and Sensor Technology

The foundation of vibration analysis lies in the method of data acquisition. Depending on the criticality and
accessibility of the equipment, three primary sensor deployment strategies are employed:

« Offline (portable data collectors): Manual, interval-based route collection.
« Online systems: Permanently installed sensors that capture data continuously or at fixed intervals.

+ Wireless and In-line sensors: Modern solutions providing high-frequency data acquisition with
minimal infrastructure.

The quality and utility of the data depend on the sensor type and installation strategy, which determine
resolution, sampling rate, frequency bandwidth, and the overall signal-to-noise ratio.

2. Vibration Units and Advanced Signal Processing

Vibration is measured in three fundamental units:
» Displacement (mil or um)
« Velocity (in/s or mm/s RMS)

« Acceleration (g or m/s?)

To enhance fault detection sensitivity, especially for early-stage failures, advanced signal processing
techniques are employed:

» Enveloped Acceleration (SKF Enveloping, Emerson PeakVue, etc.)
« Shock Pulse Monitoring (SPM)

« High-Frequency Detection (HFD)

» Energy Pulse Detection

« Impact Demodulation and IRD Peak Detection

Each of these enhances the ability to detect specific fault modes, such as bearing defects, gear meshing
issues, or lubrication deficiencies.
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3. Alarm Thresholds and Severity Criteria

A traffic-light style alarm system is commonly applied to classify the severity of the detected vibration levels:
@® Green-Normal
Yellow — Elevated, caution
@ Orange - Warning, trending abnormal

. Red - Critical condition, immediate attention required

The quality and utility of the data depend on the sensor type and installation strategy, which determine
Alarm bands are defined not only by amplitude thresholds but also by frequency-specific fault bands
associated with gearmesh, bearing fault frequencies, misalignment, imbalance, and resonance.

4. Diagnostic Evaluation

Diagnostic techniques vary depending on machine design and bearing type:

» Rolling Element Bearings: Diagnosed through FFT spectra, time waveform analysis,
demodulation, and phase measurements.

» Journal Bearings (Sleeve-type): In addition to the techniques above, orbit plots, Bode plots, and
shaft centerline trends are essential for interpreting dynamic behavior.

Phase analysis and cross-channel comparisons are used to distinguish between fault mechanisms such as
imbalance, misalignment, looseness, or oil film instabilities.

Advanced Vibration Analysis Step

5. Al-Enhanced Vibration Evaluation
Al-Driven Diagnostics (Smart Recognition)

This step introduces Al into the diagnostic workflow through Advanced Pattern Recognition (APR):

« Use of supervised and unsupervised machine learning models (e.g., Support Vector Machines,
Decision Trees, Random Forests) trained on historical vibration patterns.

+  Anomaly detection models capable of identifying deviations from learned baselines.

« Automated fault classification based on pattern matching in frequency and time domains.

This results in faster and more accurate identification of fault modes, especially for complex or subtle failure
mechanismes.

Prognostics and Remaining Useful Life (RUL) Estimation

This step introduces Al into the diagnostic workflow through Advanced Pattern Recognition (APR):
» Time-series forecasting using LSTM (Long Short-Term Memory) neural networks or ARIMA models.

« RUL estimation models that project future trends in key vibration indicators and predict the
moment when they cross critical thresholds.

» Integration of risk models to weigh the impact of different failure scenarios.



Ml Enhancing Rotating Machinery Vibration Analysis through Artificial Intelligence

System-Wide Hybrid Modeling

To transition from component-level analysis to system-level insights, VIVE Al incorporates process variables:
» Thermodynamic variables in compressors and turbines
» Hydraulic data in pump systems (e.g., pressure, flow rate)
« Tribological data in gearboxes (e.g., oil temperature, viscosity, metal wear particles)

Hybrid models combine vibration data with these process signals to enable root-cause identification and
system-level failure prediction.

Business Intelligence Integration

The final step transforms raw data and Al insights into actionable business intelligence:
« KPI Dashboards visualizing health indicators across entire facilities.
« Maintenance Effectiveness Tracking via metrics like MTBF, downtime saved, cost avoided.
« Automated Reporting for engineering teams and executive leadership.

Through tools like Power BI, Tableau, or custom-built dashboards, stakeholders gain real-time access to
machine health insights and can align maintenance actions with corporate objectives.

The VibeAl methodology provides a comprehensive, scalable framework that bridges traditional
vibration analysis with the future of intelligent diagnostics. By embedding Al and Bl into the analysis
process, organizations can transition from reactive maintenance to a true condition-based and

predictive maintenance strategy, improving asset reliability, reducing unplanned downtime, and
optimizing operational efficiency.
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