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The focus is on rotating machinery systems, especially pumps and turbines, but 

many aspects are also applicable to valves.

Å Typical Vibration Problems Overview

Å Vibration Measurement Units

Å What is Resonance?

Å Damaging Forces, Failure Modes, and Instrumentation Types

Å Introduction to FFT Spectra Interpretation and Phase Angle

Å The Impact of Off-Design and Transient Operation on Pump/System Vibration 

and Life 

Å Cavitation Detection and Damage Measurement Methods

Å Introduction to Operating Deflection Shape (ODS) and Experimental Modal 

Analysis (EMA) testing methods

Å Introductory Case History

Pump Vibration Troubleshooting



Typical Rotating Machinery Vibration Problems

1. Imbalance at 1xN (40% Chance)

2. Misalignment at 2xN and 1xN (40% Chance)

3. Natural Frequency Resonance (10% Chance)

4. Everything Else (10% Chance)

Á (Motor Electrical Problems, Pump or System 

Hydraulic Problems, Foundation Problems, etc.)

*Problems 1 and 2 are the most common. But 3, when

encountered, eats up maintenance budgets and can have a

large impact on equipment/plant availability



Vibration Measure Numbers

Velocity: ñHow fastò the object is vibrating 

(ñinches per second peakò)

Displacement: ñHow muchò the object is 
vibrating (ñmils peak to peakò).  Lower rpm 
and frequency.

Acceleration: Imagine being on the 
vibrating part - Rate of change of velocity 
over time (expressed in ñgò peak).  
Higher frequency measurements.



Meaning of RMS vs. Peak Vibration



What Is Resonance?

Resonance = A natural 

frequency being excited.  A 

problem when there is not 

enough damping



Typical Failures in Centrifugal Pumps

Aging Baseplate/Foundation Issues 

Such as Delamination 



Sources of Damaging Forces

in Centrifugal Pumps

Pipe Strain



Damage Causing Forces Vibration Frequencies

Fortunately (for troubleshooters),

most damage causing forces

have vibration and frequencies

associated with them. More

details about these frequencies

and problems presented later.



ÅSingle-axis, double-axis, and tri-
axis accelerometers.

Å As small as 0.2 inches long (5.1 
mm) and weighing 0.007 oz (0.2 
grams). 

Å Can vary in construction 
depending on the application, 
i.e. high temperature and 
submersible application 

Types of accelerometers

Typical Vibration Measurement Hardware



ÅThreaded mounted (1/8 NPT)

ÅFlush mounted on the piping or 
through an isolated ball valve.

Å Oscillating pressure range varies 
from 10 psi to 5000 psi

Å Detection of pressure pulsations 
(i.e., vane pass) and acoustic natural 
frequencies from piping systems

Å For pumps, piping, and valves

Dynamic pressure transducers
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Typical Pressure Measurement Hardware

MSI can also use high frequency accelerometers mounted 

externally to a pipe, pump casing, valve body (non-intrusive) to 

measure pressure pulsations and to quantify cavitation damage.



Å Measure strain on casing

nozzles, piping, and shafting

in order to calculate stresses,

and determine torsional

oscillations in shafts.

Å Can be applied to shafting to

determine torque transmitted

and with speed to determine

horsepower required at any

given operating condition.

Å Torsional natural frequencies.

Typical Strain Measurement Hardware



Introduction to FFT Spectra Interpretation 

and Phase Angle: Misalignment, 

imbalance, rubbing, looseness, vane 

pass, pump system resonance

Pump Vibration Troubleshooting



Vibration 

Problem No. 1:

1x 

Running Speed



Natural 

Frequency

Vibration & Phase Angle vs. Frequency

Å The force leads the response in time.

Å There is a phase lag between force and response.  



Angular Misalignment Offset Misalignment

Operating Deflection Shape (ODS) 

of Typical Misalignment



Vibration 

Problem No. 2:

1x & 2x 

Running Speed



Vibration 

Problem No. 3:

High Vane Pass



Vibration 

Problem No. 4: 

High Harmonics 

of Run Speed


