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The Concept of Orbits
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Overview

ÅOrbit Description

ÅOrbital Construction

Å1X Orbits

ÅPhase Reference in Orbits

ÅCompensation

ÅFrequency Analysis using Orbits

ÅPrecession in Orbits

ÅOrbit Shapes

ÅPedestal orbits

ÅField Data Collection
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Orbits

ÅOrbit Plots show the path a rotor takes as at vibrates during operation

ÅOrbits are created from the data from two orthogonal (perpendicular) 
measurements taken simultaneously

ÅA phase reference on the rotor is used for filtering an orbit to a specific 
frequency and identifying frequency content from orbit plots

ÅOrbits may be Direct (unfiltered), 1X or nX

Å[ƛƪŜ .ƻŘŜΩ ƻǊ tƻƭŀǊ tƭƻǘǎΣ hǊōƛǘǎ Ƴŀȅ ōŜ ŎƻƳǇŜƴǎŀǘŜŘ ƻǊ ǳƴ-compensated
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Orbit Construction
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*Reproduced from Fundamentals of Rotating Machinery Diagnostics by Donald E. Bently and Charles Hatch
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Sample Orbits

Direct Orbit

1x Orbit
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The 1X Orbit Due to Imbalance

ÅWell below the critical speed, the high spot is in phase with the heavy spot 
ŀƴŘ ōƻǘƘ ŀǊŜ ƻƴ ǘƘŜ άƻǳǘǎƛŘŜέ ƻŦ ǘƘŜ ƻǊōƛǘ ǇŀǘƘ

Å!ōƻǾŜ ǘƘŜ ŦƛǊǎǘ ŎǊƛǘƛŎŀƭ ǎǇŜŜŘΣ ǘƘŜ ƘŜŀǾȅ ǎǇƻǘ ƛǎ ƻƴ ǘƘŜ άƛƴǎƛŘŜέ ƻŦ ǘƘŜ ƻǊōƛǘ 
ǇŀǘƘΦ  ¢ƘŜ ƘƛƎƘ ǎǇƻǘΣ ōȅ ŘŜŦƛƴƛǘƛƻƴΣ ǊŜƳŀƛƴǎ ƻƴ ǘƘŜ άƻǳǘǎƛŘŜέ

Below 1st Critical

Heavy Spot

Above 1st Critical
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Orbit Phase Reference

ÅThe location of the rotor when the phase reference trigger fires is 
indicated by the blank-bright mark on the orbit plot

ÅThe blank-bright orientation is the standard convention based on the use 
of the z-axis input for the trigger on an oscilloscope and a negative 
trigger pulse

Blank-Bright 
triggerindicating 

forward 
precession 



O
R

B
ITA

N
A

L
Y

S
IS

Orbit Vector Compensation

ÅCompensation allows us to remove any unwanted information from an 
orbit plot mathematically.

ÅFiltered 1X orbits can be vector compensated to subtract out the slow roll 
runout vectors from each probe

1X Orbit          ς 1X Slow Roll Vector Orbit     =   1X Compensated Orbit
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Orbit Waveform Compensation

Waveform compensation
can be used to eliminate
άƎƭƛǘŎƘέin orbit data
causedby surfacedefects
on probetargetareas

A slow-roll waveform is
digitally subtracted from
vibration waveform data
using the trigger as a
reference

The resulting waveform
includes actual shaft
vibration and any noise in
the signal

Unfiltered
Waveforms

Slow-roll 
Waveforms

Resulting 
Waveforms

-
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Orbit Plots ςLoop Rules

11

# of Loops Ñ1

Number Rotations 

No. Rotations = No. Timing Marks

Internal:Add External: Subtract

3X Vibration 4X Vibration

Vibration Frequency = 

ÅLoop rules can be used to determine vibration frequency when only one 
timing mark is present.
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Orbit Analysis ςFrequency Content

ÅMultiple timing marks indicate sub-synchronous vibration

ÅFrequency ratio can be determined by inspection

1/4X Vibration

Loop 1

Loop 2

Loop 3 Loop 4

Loop 5
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Orbit Loops

ÅLoops indicate the presence of non-synchronous vibration

ÅExternal loops are caused by dominant forward precession of the non-
synchronous components

ÅInternal loops are caused by dominant reverse precession of the non-
synchronous components

1X and 1/2X 1X and 1/2X 

Forward Precession Reverse Precession
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Forward and Reverse Precession

ÅForward precession is the most common vibration observed.  The shaft is whirling 
in the same direction as rotation.

ÅReverse precession happens with the shaft is whirling in the opposite direction 
from rotation.  This can happen during rubs or between split critical speeds.

Phase Reference

Whirl Direction

Rotation

Forward Precession

Whirl Direction

Rotation

Reverse Precession
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Precession from Phase Reference

Å¢ƘŜ ƴƻǊƳŀƭ ά.ƭŀƴƪ-.ǊƛƎƘǘέ ŎƻƴǾŜƴǘƛƻƴ ƛƴŘƛŎŀǘŜǎ ŦƻǊǿŀǊŘ ǇǊŜŎŜǎǎƛƻƴ

Åά.ǊƛƎƘǘ-.ƭŀƴƪέ ǇƘŀǎŜ ƳŀǊƪǎ ƛƴŘƛŎŀǘŜ ǊŜǾŜǊǎŜ ǇǊŜŎŜǎǎƛƻƴ

ÅAlways check probe orientation and rotation direction!

Rotation

Forward Precession

Rotation

Reverse Precession
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Orbit Analysis ςNon-integer Components

ÅShapes of orbits with non-integer multiples or sub-multiple components 
ǿƛƭƭ ōŜ ǎƛƳƛƭŀǊ ǘƻ ŜȄŀŎǘ ƛƴǘŜƎŜǊǎ ōǳǘ ǿƛƭƭ ōŜ άǎƪŜǿŜŘέ

Å¢ƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ǇƘŀǎŜ ǊŜŦŜǊŜƴŎŜ ƳŀǊƪ ǿƛƭƭ άǊƻǘŀǘŜέ ŀƭƻƴƎ ǘƘŜ ƻǊōƛǘ ǇŀǘƘ

1X and 1/2X 1X and 0.48X 
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Orbit Shapes

ÅThe shape of the orbit can be used to evaluate any restrictions to motion 
that influence machine vibration.

Misalignment

Increasing Severity
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Orbit Shapes

ÅPhysical restraints internal to the machine can restrict shaft motion in the 
bearings.  This can be identified using unfiltered orbits.
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Pedestal Orbits

ÅOrbits can be generated from pedestal measurements when 
accelerometers are installed on a bearing housing.

ÅPedestal orbits often contain frequency content associated with housing 
vibration that may or may not be present if measuring shaft 
vibration directly.
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Field Data Collection

ÅAvoid pitfalls during data collection:

ÅVerify collection parameters are adequate for the application (Fmax, 
No. of lines, etc.)

ÅVerify probe orientation.  Does your collector setup match physical 
location of probes?  Are your cables crossed?

ÅCheck for the correct rotation direction.

Å Is your phase reference a positive or negative trigger?  

ÅA proximity probe looking at a keyway will produce a negative 
trigger.  

ÅA key will produce a positive trigger.  

ÅMost laser tachometers are selectable.
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Field Data

ÅMany software packages will allow the analyst to view orbits to identify 
times, speeds, or loads where significant events occur.


