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Today 2 Topics

 Rotor Balance, Balancing Standards

 Shaft Alignment, Shaft Alignment Accuracy

 RE Vibration, Vibration Standards

 Condition Monitoring of RE

 Maintenance Strategies for RE

During the second day the issues listed in the slide will be covered in some detail.  To 
complete the Introductory course, we need to touch on the full range of topics affecting RE 
reliability and maintenance.  This allows those people only doing the Introduction days to 
get exposed to all the major factors they need to be aware of in order to improve their plant 
and equipment.

Those people going onto the Advanced Course will get greater detail in those topics again 
covered in the Advanced two days.
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More accurate calculation to allow for 
missing metal at end of key way

These drawings show what you can do to include the effects of the key and keyway 
when balancing.
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Vibratory Condition Based Monitoring

 Vibration signature analysis
The four principal 

sources of 
information are:

Amplitude - how 
big or how severe 

Period - Time (T) 
to complete 1 
cycle  (mSec)

Frequency (F) -
how many cycles 
per unit time,  F = 
1/T   Cycles/sec  
Hertz (Hz)

Phase - movement 
of one part in 
relation to 
another, usually 
measured in 
degrees of 
rotation (360o = 1 
cycle)

There are two main 
vibration types;

FREE VIBRATION -
The result of 
excitation of a 
spring-mass system 
making it vibrate at 
its natural frequency, 
eg:  guitar strings,  
bell

FORCED VIBRATION
- Caused by 
repetitive forces 
generated in a 
machine

Most vibrations in 
industrial machinery 
are FORCED

Vibration Amplitude 
(severity) may be 
Overall or of a 
Specific Frequency, 
and measured in:

n Displacement
n Velocity
n Acceleration
How do we choose 

which measure to 
use?

DISPLACEMENT
(Units mm or 
microns peak to 
peak)
Sensitive to low 
frequency.  
Diminishes to 
extremely small 
values above 
1000 Hz
Used widely for 
high-speed 
machinery 
protection via 
proximity probe 
systems at 
sleeve bearings
Not used much 
in normal 
machinery 
condition 
monitoring 
surveys

VELOCITY
(Units mm/sec RMS)
 Tends to provide 

uniform 
sensitivity over a 
wide frequency 
range

 The most 
common 
measure for 
Machine 
Condition 
Monitoring 
surveys

 Identifies 
UNBALANCE, 
MISALIGNMENT, 
LOOSENESS, 
MOTOR 
PROBLEMS, ETC

 Typically 
measured 10 to 
1000 Hz  in 
Overall (for 
Historical 
reasons)

 Useful range with 
specific 
frequencies 5 to 
3000Hz

ACCELERATION
(Units m/sec2 RMS, 
or ‘g’ RMS)
Tends to be 
sensitive to high 
frequencies and
impactive signals
Mostly used to 
measure condition 
of  GEAR 
MESHING and 
ROLLING-
ELEMENT 
BEARINGS
Bearing condition 
assessment may 
use special 
filtering and 
enhancement 
circuits (amplitude 
demodulation or 
enveloping)

SHOCK PULSE 
WAVE

(Units dB)
Sensitive only to 
bearing size and 
RPM
Used to measure 
lubricant condition 
(carpet value)  and 
surface damage 
(maximum value) 
of  ROLLING-
ELEMENT 
BEARINGS and 
MESHING 
COMPONENTS e.g. 
gears, vanes, 
rotary screws, lobe
Condition 
assessment  uses 
special signal 
enhancement 
circuits (signal 
modulation occurs 
at interfaces 
traversed)

This slide proves basic information on the physics of vibration analysis.  We use 
transducers mounted to an item of equipment to detect several parameters that provide 
information on the vibrations travelling through it.  From the movement (displacement), the 
rate of movement (velocity), the rate of change of movement (acceleration) and the time 
during which they happen (phase), we can identify particular ‘signatures’ that tell us what is 
occurring to its various parts.
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Ultrasonic Scanning

Purpose 1: detection of sub-
surface cracks or defects
 Requires skill and experience 

to produce good results
 Accurately defines size and 

location of defects
 Requires a flat surface above 

area to be examined
 Difficult to hard copy results

Purpose 2: measurement of 
wall thickness

 Relatively simple and accurate 
technique

Corrosion in Aircraft Frame
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Operating Unit

Maintainable Item

FMEA

Maintenance Actions

Engine 
Sump

PS
Heat Exch

Water In

Water 
Out

Turbocharger Oil 
Cooling System

TG

Turbocharger Lube 
Oil Pump

Bearing Seizes

Impeller/Casing Wear

Coupling Shears

Mech Seal Leaks

Total Stoppage

No Immediate Impact

Total Stoppage

No Immediate Impact

Oil Analysis, Vibration

Monitor Flow Rate

Look for Wear & Lube

Look for leaks

FAILURE MODE FAILURE EFFECT OPS/MAINT ACTIONS

FM

PM

CM

Watch 
Keeping

PM

This is an overview of the FMEA team review process.  It is a logical progression through 
each assembly and sub-assembly in an item of plant asking the question, “What can go 
wrong in its operation?”  The team of subject matter experts identify the causes and then 
agree to the operating and maintenance actions to be performed to prevent a failure.  
These actions become maintenance and operating tasks.


