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Machine Condition Monitoring

and

Fault Diagnostics

Chris K Mechefske



• Introduction to Machine Condition Monitoring
and Condition Based Maintenance

• Basics of Mechanical Vibrations

• Vibration Transducers

• Vibration Signal Measurement and Display

• Machine Vibration Standards and Acceptance
Limits (Condition Monitoring)

• Vibration Signal Frequency Analysis  (FFT)
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November 8, 2010 Page 2



• Machinery Vibration Testing and Trouble Shooting

• Fault Diagnostics Based on Forcing Functions

• Fault Diagnostics Based on Specific Machine
Components

• Fault Diagnostics Based on Specific Machine Type

• Automatic Diagnostic Techniques

• Non-Vibration Based Machine Condition Monitoring 
and Fault Diagnosis Methods

Course Overview
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Fault Diagnostics Based on Specific Machine 
Components
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Rolling Element Bearings

Gears

Belts



ROLLING ELEMENT BEARINGS

• Most Common of Rotating Machine Elements

• Found in pumps, motors, gearboxes, etc.
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Fault Diagnostics Based on Specific Machine 
Components
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Outer Race

Inner Race

Rolling Elements

Cage Source: Timken

Ball Bearing

Rolling Element Bearings
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Roller Bearing

Rolling Element Bearings
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Source: Timken

Roller Thrust Bearing

Load Direction

Rolling Element Bearings
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Source: Timken

Tapered Roller Bearings
•Support combined loadings

Rolling Element Bearings



Rolling Element Bearings
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Nomenclature of rolling element bearings



Rolling Element Bearings
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Types of rolling element bearings



Rolling Element Bearings
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Types of rolling element bearings



Factors Affecting Bearing Life
• Lubrication (type and contamination)
• Temperature
• Alignment \ Misalignment 
• Load (static and dynamic)
• Speed
• Installation and adjustment of machine
• Improper fit  (critical press fit, size)
• Vibration
• Passage of electrical current through bearing

Rolling Element Bearings
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Bearing Failure Modes
• Spalling

– Common failure mode
– Microscopic fissures on raceway and rolling elements
– Resulting is pits on surface

Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Impact From Bearing Fault
Rolling Element Bearings
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Impact From Bearing Fault

Rolling Element Bearings
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Bearing Failure Modes
• Brinelling

– Results from excessive static stress
• False Brinelling

– From vibration damage while machine at rest
– Results in small marks in load carrying surface

• Localized Faults
• Deformed Raceways
• Damaged Cage
• Cracked Race

Rolling Element Bearings
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Bearing Failure Modes

Rolling Element Bearings
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Electrical Discharge through Bearing



Symptoms
A typical bearing failure is accompanied with one or 

all of the following symptoms: 
• extreme vibration, 
• excessive heat, 
• Noise 
• seizure between inner and outer race 
• And finally and catastrophic failure. 

Early detection of a fault through vibration monitoring 
can avert a catastrophic failure

Rolling Element Bearings
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Monitoring Methods

• Ultrasonic Monitoring
• Acoustic Emissions
• Temperature Monitoring

– Infrared
– Thermocouple

• Vibration Monitoring

Rolling Element Bearings
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• Rolling element defects generate pulse-like forces in 
one or a combination of bearing frequencies.

• The magnitude of vibration depends on machine design, 
load and defect severity.

• The bearing frequencies are unique to bearing geometry 
and operating speed.

• Bearing frequencies are usually below 1,000 Hz.

• Velocity is the better choice of measure.
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Rolling Element Bearings
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Rolling Element Bearings
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• as damage worsens - gradual increase in the 
characteristic defect frequencies followed by a 
drop in these amplitudes and an increase in the 
broadband noise 

• where there is little other vibration that would 
contaminate or mask the bearing vibration 
signal, the gradual deterioration of rolling 
element bearings can be monitored by using 
the Crest Factor or the Kurtosis measure 
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Rolling Element Bearings
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Measurement techniques
– Measurements can be made with velocity 

transducers or accelerometers

– All measurements should be made in the load 
zone as close to the bearings as possible

– Radial measurements should be made with 
radial bearings 

– Axial measurements should be made with 
angular contact bearings
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Rolling Element Bearings
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Analysis techniques

– Calculating  bearing frequencies

– Measuring and analyzing vibration signals

– Identifying sidebands and center
frequencies in the spectrum

– Evaluating the spectrum and time 
waveform for shape, energy, and 
amplitude
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Bearing Vibration Measurement
• Need to consider loading direction

In this case, the 
bearings 
are loaded in the 
radial direction from 
the gear load

Load Direction

Bearing

Rolling Element Bearings
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Bearing Vibration Measurement

Rolling Element Bearings
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Vibration Transducer Location

November 8, 2010 Page 31



Vibration Transducer Location
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• Load zone measurement locations

press rolls

rolls or belts

load zone

not here
measure
close to
bearing

Vibration Transducer Location
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• Load zone measurement locations

Vibration Transducer Location
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• Load zone measurement locations

Vibration Transducer Location
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Rolling Element Bearings
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• Bearing frequencies - definitions

– BPFO – ball pass frequency of the outer 
race (outer race defects)

– BPFI – ball pass frequency of the inner 
race (inner race defects)

– BSF – ball spin frequency (ball or roller 
defects)

– FTF – fundamental train frequency (cage 
defects or improper movements)
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Rolling Element Bearings
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Rolling Element Bearings

November 8, 2010 Page 38



• produce very little vibration (low level random 
signal) when they are fault free

• distinctive characteristic defect frequency 
responses (pulse-like forces at one or a 
combination of bearing frequencies)

• magnitude of vibration depends on machine 
design, load  and defects

• damage in rolling element bearings occurs and 
worsens gradually
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Rolling Element Bearings
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• fault detection and diagnosis on this component 
relatively straight-forward 

• faults due to normal use usually begin as a single 
defect caused by metal fatigue in one of the 
raceways or on a rolling element 

• bearing frequencies are unique to bearing 
geometry and operating speed

• vibration signature of a damaged bearing is 
dominated by impulsive events at the ball or 
roller passing frequency

Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Inner Race Defect



Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearing – Inner Race Fault
Impact spacing not exactly synchronous



• Raceways (Inner 
and Outer)
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• Inner race defect
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• Fundamental train 
frequencies (cage fault)
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Rolling Element Bearings
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Rolling element bearings have characteristic time 
waveforms and frequency spectra at various stages of 
deterioration
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings
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High-frequency detection (HFD) methods (also 
known as Amplitude Demodulation or 
Enveloping)

– Spectral representation of a filtered signal that 
has been amplified and demodulated
• purpose is to visualize repetitive information
• responses must be measured with 

accelerometers
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Enveloped Spectra
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Enveloped Spectra
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Enveloped Spectra
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Enveloped Spectra



Enveloped Spectra
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Enveloped Spectra
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Enveloping (Demodulation)
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Enveloping (Demodulation)

Enveloped spectrum showing bearing defect frequencies
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Rolling Element Bearings

Acoustic signal analysis
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Rolling Element Bearings
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Rolling Element Bearings
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Rolling Element Bearings



Next Topic:

Gear Failures
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