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Basic Concepts of Rotor Dynamics



RELATIVE 
PHASE

Relative Phase

ONE CYCLESignal A  
(Y)

Signal B  
(X)

A
m

p
lit

u
d

e

Time

ONE CYCLE

1. Two Signals

2. Same Frequency

3. Same Units

4. Either Signal May 
Be Reference

5. Relative Phase is
0 to 180 degrees
Leading or Lagging



0°

0°

-V

-V

Once Per Turn Reference Pulse

ONE 
REVOLUTION

ONE 
REVOLUTION



Shaft Balancing

Shaft Crack Detection

Shaft / Structural Resonance Detection

Shaft Mode Shape

Direction of Precession

Location of Fluid-Induced Instability   
Source



0.2 2.0

Time
Amplitude Time

Volts/
div.

ms/  
div.

Timebase Vibration 
Characteristics

1.  Vibration Amplitude
2.  Vibration Frequency
3. Phase
4.   rpm
5.   Direction of Precession
6.   Signal Shape 
7.   Gap 

(from proximity probe)

Y

X

X to Y (counterclockwise)



Y

X

Y

X

Direction of Precession

Given X to Y Precession (ccw) 
and (ccw) Rotation: Precession = Forward



1.  Vibration Amplitude (X & Y)
2.  Absolute Phase (X & Y)
3.  Relative  Phase
4.  Relative Frequency (X & Y)

vs Running Speed
X vs Y

5.  Direction of Precession

6.  Shape

Amplitude

Orbit Vibration Characteristics

Y
X

X = Y =5.6 mils pp 5.4 mils pp



Amplitude

Orbit Vibration Characteristics

Given X to Y (ccw) 
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Shaft Deflection Shape

Different Bearings, Same Speed with 
Keyphasor® Marker.
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Full Waterfall Plot



HOW TO MAKE PHASE       
MEASUREMENTS
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Deflection Shape

A

B



0°

0°

-V

-V

Once Per Turn Reference Pulse

ONE 
REVOLUTION

ONE 
REVOLUTION



0° 360°

Absolute Phase Measurements

Timing (in degrees) between two (2) points on a vibration signal, 
the Keyphasor® pulse and positive peak in vibration.

Vibration 
Signal

Time

Phase 
Lag

Keyphasor ®

Signal
Degrees of 

Rotation

NOTE: Frequency must be the same or harmonically related.



HOW TO INTERPRET STEADY 
STATE DATA FORMATS
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Shaft Deflection Shape

Different Bearings, Same Speed with 
Keyphasor® Marker.



Relative Phase

X leads Y by 10° - 15°



Relative Phase

X leads Y by 170° - 175°



Vibration Frequency vs
Rotative Speed

X = 1X,  Y = 2X
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Full Waterfall Plot



HOW TO INTERPRET STARTUP AND 
SHUTDOWN PLOTS
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Two Mass Rotor System
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Typical Flexible Rotor Mode 
Shapes
P1 P2P3P4

Typical Rotor

P3

Cylindrical / Translational Mode  
P2

Pivot / Conical  Mode  

P1

P4Third Mode  
Node Locations are Affected by System Stiffness
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Full Cascade Plot



HOW TO EVALUATE PRELOADS (MISALIGNMENT) AND 
RADIAL POSITION MEASUREMENTS



Direct Measurements
Vibration and Position

Rotor Speed

Bearing Temperature

Indirect Data
Process Data

Performance Data



Radial Preloads

Gravitational

Fluidic Preloads

Bearing Preloads

Internal Misalignment
Parallel and Angular Misalignment

Pipe Strain

Thermal Warping



Axial Preloads
Gravity (Vertical Machines)

Fluidic

Process Thrust Loads

Differential Expansion



Orbit Plot Can Show Preloads

(Misalignment)
(No Resonance Near Twice Rotative Speed)

Rare             Common                  Rare



Orbit Plot Can Show Preloads

(Misalignment)
(Resonance Near Twice Rotative Speed)

Rare             Common                  Rare



Orbit and Position Indicators 
of Preload

Y X

Y = - 6.8 Vdc
X = - 7.2 Vdc

Normal Orbit 
and Position

BEARING
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SHAFT CL

CL

Normal steady load downward, such as gravity.
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Orbit and Position Indicators 
of Preload

Y X

Y = - 6.2 Vdc
X = - 5.8 Vdc

AVERAGE 
SHAFT CL

BEARING CL

Abnormal Orbit 
and Position

R
O

TN



Gap Voltage Measurement

PROVIDES:
Shaft Centerline Position
Shaft Attitude Angle
Eccentricity
Shaft Trend Plots
Alignment Along Shaft



Radial Position Calculation

Y

X

Y = - 10 Vdc
X = - 10 Vdc

Vertical Transducer 
200 mV/mil

Horizontal 
Transducer 
200 mV/mil

Diametral 
Clearance 10 mils

Rotor (Not to Scale)

Shaft Centerline



Radial Position Calculation

Y

X

Y = - 9.6 Vdc
X = - 10.2 Vdc

Vertical Transducer 
200 mV/mil

Horizontal 
Transducer 
200 mV/mil

Diametral 
Clearance 10 mils

Rotor (Not to Scale)

Shaft Centerline




