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Pump Vibration Troubleshooting

The focus is on rotating machinery systems, especially pumps and turbines, but
many aspects are also applicable to valves.

Typical Vibration Problems Overview

Vibration Measurement Units

What is Resonance?

Damaging Forces, Failure Modes, and Instrumentation Types
Introduction to FFT Spectra Interpretation and Phase Angle

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

Cavitation Detection and Damage Measurement Methods

Introduction to Operating Deflection Shape (ODS) and Experimental Modal
Analysis (EMA) testing methods

Introductory Case History
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Typical Rotating Machinery Vibration Problems

Imbalance at 1xN (40% Chance)
Misalignment at 2xN and 1xN (40% Chance)
Natural Frequency Resonance (10% Chance)

Everything Else (10% Chance)

-

A (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
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Higher frequency measurements.

TYPICAL SPEC @3600 RPM:
2.5 mils

0.25 ips

0.25 G's
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Meaning of RMS vs. Peak Vibration

Vpderived: "p_\ * V RMS

Vp true > Vpderived
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CONSTANTS FOR TRUE SINE WAVES ONLY

rms value = 0.707 x peak value
rms value = 1.11 x average value
peak value = 1.414 x rms value
peak value = 1.57 x average value

average value = 0.637 x peak value

average value= 0.90 x rms value

peak-to-peak = 2.0 x peak value
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What Is Resonance?

‘FFT" OR SIGNATURE PLOT:
VIBRATION VS. SPEED (OR VS. FREQUENCY)

z P{--------5 LOW DAMPING
=
§| HIGH DAMPING
> S -
T K SPEED OR
FREQUENCY
STATIONARY
MOVEMENT DUE TO “CRITICAL
STATIC FLEXIBILITY spgso”
“NATURAL Resonance = A natural
" frequency being excited. A
VIBRATION “MAGNIFICATION FACTOR’ problem when there is not

“ enough damping
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Typical Failures in Centrifugal Pumps

Cavitation, Erosion Rubbing Wear Torsional or Axial
or Fatigue Damage of of Close Fatigue of Shaft
at Threaded

Radial and Thrust Stator Vanes Clearance Seals,®

Bearing Fatigue, Multiple Locations Connections

Scuffing, Gradual Torsional
Wear, or Thermal orsional or

Seizure Bending Fatigue

of Shaft at Stress

Concentrations

Fatigue or

Rubbing Wear Fretting Wear
of Bearing Seal” | in Couplings
] P e

(2 Places)

<l

| Radial Bearing
|| Fatigue, Scuffing,
| Gradual Wear,
or Thermal
Seizure

. N
\/ A eplate/Foundation Issues

Such as D inati : g
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Sources of Damaging Forces
In Centrifugal Pumps

Inlet or Discharge "Blade Pass"
Pressure Pulsations Pressure Pulsations Due to
Blade/Vane Interactions, or
— Possible Recirculation & Stall

Possible Oil = Torsional
Film Instabilities ‘ Pulsations
Coupling

Imbalance

Pipe Strain

11 I

U

ll'\‘

Misalignment
Due to Pedestal
Distortion or
Piping Nozzle

| Swirl or \_Loads
| Pulsations

I || at Thrust
Balance Drum
Seismic
citation

Suction Pressure |}

Pulsations Due to

Inlet Recirculation |
or Rotating Stall
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Damage Causing Forces Vibration Frequencies

Common Vibrations

Frequency Source
0.05X - 0.35X Diffuser Stall
0.43X -0.49X Instability
0.500X Rubbing Fortunately (for troubl_eshooters),
most damage causing forces
0.65X - 0.95X Impeller Stall have vibration and frequencies
associated with them. More
X Imbalance details about these frequencies
1X + 2X Misalignment and problems presented later.
(#Vanes)X Vane/Volute Gap
(#Blades)X Blade/Diffuser Gap

Key factor in many problems:
Resonance




Typical Vibration Measurement Hardware

Types of accelerometers

A Single-axis, double-axis, and tri-
axis accelerometers.

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

A Can vary in construction
depending on the application,
l.e. high temperature and
submersible application
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Typical Pressure Measurement Hardware

Dynamic pressure transducers

A Threaded mounted (1/8 NPT)

A Flush mounted on the piping or
through an isolated ball valve.

A Oscillating pressure range varies
from 10 psi to 5000 psi

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

A For pumps, piping, and valves .
¥

MSI can also use high frequency accelerometers mounted
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externally to a pipe, pump casing, valve body (non-intrusive) to

measure pressure pulsations and to quantify cavitation damage.




Typical Strain Measurement Hardware

nozzles, piping, and shafting
In order to calculate stresses,
and determine  torsional
oscillations in shafts.

. : :
i A Measure strain on casing

A Can be applied to shafting to
determine torque transmitted
and with speed to determine
horsepower required at any
given operating condition.

A Torsional natural frequencies.
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Pump Vibration Troubleshooting

Introduction to FFT Spectra Interpretation
and Phase Angle: Misalignment,
Imbalance, rubbing, looseness, vane
pass, pump system resonance
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Vibration ORBIT:

Problem No. 1: / —
NCW“WAL F“GF'1 X N

1Xx 1/
Running Speed \

CrbitiSignal 8, Signal 33 (My quist)

Warking : Imput: Input: FFT Analyzer COMMON CAUSES

a) MECHANICAL UNBALANCE
z b) MISALIGNMENT

. (USUALLY HIGH 2 x ALSO)
SPECTRUM: c) BENT SHAFT

1 3 mils -
HARMFUL EFFECTS:

a) INTERNAL RUBBING
ON BEARINGS AND SEALS
b) OVERLOAD OF ROLLING
‘I' ELEMENT BEARINGS

. VIBRATION
N
3
7

1T mil 1
NORMAL
RANGE |

y 1xN 2xN 3xN 4xN 5xN
-3 .2 -1 0 1 2 3 FREQUENCY
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Vibration & Phase Angle vs. Frequency

» Very Slow Very Fast
Motion > Motion
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A The force leads the response in time.
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A There is a phase lag between force and response.
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Operating Deflection Shape (ODS)
of Typical Misalignment

Angular Misalignment Offset Misalignment




Vibration

Problem No. 2:

1x & 2X
Running Speed

DebafSignal 16 Signal 17 INyquist)
\Warking - Inpes - brput - FFT Analpee
|

|
| Preload /

|44

|
|
24 4 ! ‘

Preload
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ORBIT: " |- )
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SPECTRUM:
3 mis Tt
é 2 milst
:
s 1 mil T

1x 2x 3x 4x Bx
FREQUENCY

‘ . a MECHANICAL MISALIGNMENT
R CAUSES b) LOOSENESS IN BEARING RETENTION
c) SEVERE SHAFT OR BEARING
HOUSING CRACK

HARMFUL EFFECTS: a) INTERNAL RUBBING
b) COUPLING WEAR
c) SHAFT FATIGUE
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Vibration
Problem No. 3:

High Vane Pass
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P
A: ANNULAR CLEARANCE
B: BLADE/VANE CLEARANCE

SF:  SHAFT FIT
WR: WEAR RING
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ORBIT:

SPECTRUM:

3 milse

ON

2 milse

1 mil ¥

VIBRATI

=
N

: + + +

COMMON CAUSES: g))
c)

d)

HARMFUL EFFECTS: a)

b)

1x 2X <y 4x 5x
FREQUENCY

"GAP B' TOO TIGHT
DISCHARGE RECIRCULATION
FLAT OR DAMAGED VOLUTE
TONGUES

INTERNAL RESONANCE OF
DIFFUSER WALLS OR VANES

FATIGUE IN INSTRUMENTATION
WIRE CONNECTIONS OR DRAIN
PIPE CONNECTIONS

IF INTERNAL RESONANCE IS THE
CAUSE, FATIGUE CRACKING OF THE
RESONATING PART
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Vibration

Problem No. 4:

High Harmonics
of Run Speed

OibaiSignal 14 Signal 151 (N vaeast)
Working | Inped - Input @ FFT Anslyzer

4

~ Non appropriate surface finish
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