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e Movement of a body about a reference.

e Response to some form of excitation or a
forcing function.







Vibration Analysis

What is Vibration Analysis?

Monitors the condition of rotating equipment by focusing on the
mechanical vibration the equipment transmits.

Why do Vibration Analysis?

For very little investment (a few thousand dollars) you can protect
millions of dollars of assets.
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Vibration Analysis

Vibration Analysis

is used to Vibration Analysis is used to detect:
monitor:
Fans Bearing Problems  Gear Problems
Pumps Belt Problems Mechanical Looseness
Motors Bent Shaft Sheave Problems
Compressors Misalignment Unbalance
Chillers Oil Whirl Some Electrical Problems
Fixed Structures Resonance Broken Rotor Bars
Cavitation Loose Stators

Recirculation
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Vibration Analysis - How Vibration Analyzers Work

al iy 2. That measurementis
integrated to velocity.
3. The data then goes
: through a Fast Fourier
. i il acity -
“ilocity  VeElDCity i Velocity
i i amplitud e spectrum Transform (FFT) process
Time lr:

Bosel&ration _ 1. The Accelerometer
Acceleration data measures vibration from
the source.

and a spectrum is
produced.

4. The FFT is analyzed

Freque ncy

Source: Beginner's Guide to Machine Vibration
1% Los Alamos
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Vibration Analysis
Where measurements are taken — Medical Analogy

We measure signals
from the heart.

]

We measure signals
from the bearings.

HE ART
VIBRATION

Measurements are taken closest to the heartbeat of the machine — the bearings

Source: Beginner's Guide to Machine Vibration
1% Los Alamos
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Data Collection techniques

Placing the Accelerometer
in the correct place on the
machine

Prot ective
cover —

/

Bearing
location

Source: Beginner's Guide to Machine Vibration
1% Los Alamos
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Data Collection techniques

Make Sure the Accelerometer is
Firmly Attached

v X

2=

v

Source: Beginner's Guide to Machine Vibration
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Make sure that the surface is
even, free of debris, rust, and
flaking paint.

Debris



Data Collection tecl

Make Sure the
Accelerometer is Oriented

Correctly
Vertical J /
J Al
Horizont al
wertical x vertical /
Source: Beginner's Guide to Machine Vibration = =

‘@ Los Alamos 6/13/2024 9
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Data Collection techniques

Be careful with the cord

SRX

Source: Beginner's Guide to Machine Vibration
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Data Collection techniques

Always...Always...Always... SAFETY FIRST!

Remember that you are around rotating equipment so keep cords,
lanyards, hair, etc. away from rotating parts.

N
‘:9 Los Alamos Source: Beginner's Guide to Machine Vibration ©13/2024 11
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Data Collection techniques

The Fast Fourier Transform (FFT) and how Vibration Analysis Works

Analyzing the FFT

FFT - Fast Fourier Transform

— Fourier Analysis
- Joseph Fourier — French Mathematician and Physicist (1768 — 1830)
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Vibration Analysis

The Fast Fourier Transform and how Vibration Analysis Works

 In 1822 - Baron Jean Baptiste Fourier (1768-1830) proposed the idea
that the motion of a system in equilibrium, with a complex waveform,
could be represented as the sum of many different sine waves of
varying frequencies and amplitudes.

e The Fourier tfransform breaks down complicated waveforms into sine
waves. Itis a series of equations that identifies all of the frequency
components of the waveform.

e FFTis an acronym for Fast Fourier Transform. An FFT is an algorithm that
combines groups of identical terms in an orderly fashion.
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Vibration Analysis

The Fast Fourier Transform and how Vibration Analysis Works
Time Waveform
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Vibration Analysis

The Fast Fourier Transform and how Vibration Analysis Works
Time Waveform

Time Waveform contains all the different
frequencies mixed together

A J
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Vibration Analysis

The Fast Fourier Transform and how Vibration Analysis Works

FFT

1\ Frequency

Complex Time S Spectrum
Waveform Sgmple:

AAAAAAAAAAAAAAAAAA



Vibration Analysis

How Vibration Analysis Works — Signal Processing
Why the most common unit is Velocity

. . (\
/S,O/e 6(3\'\0
C m GGG\
2 X
=
= >
= \elocity
Frequency >
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Vibration Analysis

The Fast Fourier Transform (FFT) and how Vibration Analysis Works
Analyzing the FFT

When peaks are seen — The Analyst asks the following questions.
» What are the peaks?
» Are they supposed to be there?
« What is the severity?
» [s it reportable or does it go on or stay on the watch list?

» Does another technology confirm or not confirm the problem? What does that
technology tell you?

 When should maintenance be performed?

1% Los Alamos
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Alarm Limits — Why these general alarm limits were selected

1 —— }
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Vibration Analysis

Benefits of Condition Monitoring

© Can monitor while running — no outage needed most of the time.

© Service only when needed.

© More effective planning and scheduling of maintenance work / resources.
© Increased equipment reliability = availability.

© Minimizes catastrophic machinery failures.

© Reduces maintenance costs.

© Reduces unscheduled/unplanned maintenance.

© Optimizes machinery performance.

© Minimizes the possibility that machinery repairs are the wrong repairs.
© Reduces the time to make machinery repairs.

© Provides support to the design phase of equipment development.

© Provides exclusive control of machines that show the beginning of a
malfunction.
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Vibration Analysis

Measurement

Action



Vibration Analysis
D-1-P-F CURVE

2 Purchase for Purpose

HOW (DESIGN-INSTALLATION-POTENTIAL FAILURE-FAILURE) | seecson
DESIGN PRECISION ‘

I

2 Precision Installation

3 Defect Elimination

4 Precision Alignment and Balancing
5 Work Processes and Procedures

6 Asset Condition Management

7 Lubrication Reliability

8 Clean to Inspect (5S)

9 Operate for Reliability

PROACTIVE

Condition Directed Tasks
Ultrasound Testing (UT)

Fluid Analysis (FA)

Vibration Analysis (VIB)

Motor Testing (MT)

Infrared Imaging (IR)

Non Destructive Testing (NDT)

PREVENTIVE
1 Time-Directed Tasks

____’___———""‘ 2 Human Senses (audible

noise, hot to touch, smell)

# RESISTANCE TO FAILURE §
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FAILURE PATTERNS

Random failures account for 77-92% of total failures and age related failure characteristics for the remaining 8-23%.
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Vibration Analysis

p
D-I-P-F CURVE
HOW (DESIGN-INSTALLATION-POTENTIAL FAILURE-FAILURE)
DESIGN PRECISION
100% : -
x
5
£
s 4
4 v
n
n RePh
W cosT™
" P PF s cugze
L OPERATING HOURS

\ Attributionfinspiration: The: DP-F curve was ariginally developed by Doug Plucknetie, Certified Reliability Leader, Author, RCM Biitz (SBN; 978-0-9538741-6-4) and further modilied/evolved by Brian Heinsius, Cetified Reliability Leader

DESIGN/BUY

1 Design for Reliability {DFR)
2 Purchase lor Purpose

PRECISION

1 Precision Commissioning
2 Precision Installation
3 Defect Elimination

4 Precision Alignment and Balancing

5 Work Processes and Procedures
6 Asset Condition Management
7 Lubrication Reliability

8 CleantoInspect (bS)

9 Qperate for Reliability

Condition Directed Tasks
Ultrasound Testing (UT)

Fluid Analysis (FA)

Vibration Analysis (VIB)

Motor Testing (MT)

Infrared Imaging {IR)

Non Destructive Testing (NDT)

PREVENTIVE

1 Time-Directed Tasks
2 Human Senses (audible
noise, hot to touch, smell)

FAILURE

1 Functional Failure
2 Catastrophic Failure
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Vibration Analysis

Case Histories

AAAAAAAAAAAAAAAA
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Vibration Analysis

Case History #1A & 1B
Hot Water Pumps 24 and 25
Motor bearing faults
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Vibration Analysis

ta3-132.rbm /132 /PHW-24 TAZ-132 RM170OR

MY - Motor Inboard Vertical
TMTI2079 8:09:27 AM

0.3 g‘::g: W DG P HW'24

Pk Welocity in in/sec

(ROG‘D) Motor - Drive end data.
Vibration Spectra in normal
scale.

Pink cursors indicate
misalignment and
harmonics.

00 sodoo s 120'0;)0 — E— B 1;'00'00 E{,Zf‘:as_gg?'g

Fregquency (CPM) Amp: 0.307
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Vibration Analysis

ta3-132rbm /132 / PHW-24 TA3-132 RMATOR
MOA - Motor Cutboard Axial

TMTR2012 8:09:08 AM
PHW-24
0902 %W DG
Pk =0.293

(;2.%;35%1;5?? Motor Non - Drive end
data.

0.7 A

Vibration Spectra in
normal scale.

Dark red cursors indicate
a bearing fault but it is
difficult to see.

There is also a very high
3x peak which is an
indicator of misalignment.

Pl elocity ininisec
o
&
1

The analyst’s theory is
that because this motor
ran misaligned, it
raiszze  (eveloped the bearing
‘ T fault,
. g M B
Freguency (CPh Dfrop 5331 .3
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Pk Welacity ininfsec

Vibration Analysis PHW-24

ta3-132.rbm/ 132/ PHW-24 TA3-132 RM170R MOtor Non - Drlve end data

MOA - Motor Outboard Axial

711712019 8:09.08 AM Dark red cursors indicate a bearing fault. The

0.85 - Route i .
penzv DG bearing fault is accentuated below
LOAD = 100.00
07854 PRTE There is also a very high 3x peak which is an
indicator of misalignment.
0.65
The analyst theory is that because this motor ran
. misaligned, it developed the bearing fault.
0514 . i ™" 7%2;0‘3123\/872108 AM
0.4254 ool (zaazsz)
0.54
0.2554 é
g 0.003 1
0.17 Reference: o | ‘
Freq: 129727
00024 | |
0.0854
Freq 131504 5 P oot
J ‘ Ord 7389 * o f’ﬂﬁﬁﬁzm
NI ‘ | amp000212 i
1) 60000 180000 E::‘j’gmma
Frequenc Dfro:1777.2 , E;”}E.Eﬁm

N
‘:9 Los Alqmos requency (| )
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Vibration Analysis
PHW-24 - Data before and after repair

ta3-132tbm /132 / PHW-24 TA3-132 RM170R

ta3-132.rom/ 132 / PHW-24 TA3-132 RM170R MOA - Motor Outboard Axial
MOA - Motor Qutboard Axial 1/5/2021 12:24:12 PM
711712019 8:09:08 AM 085 Route
g5~ Route 0.0723v-DG
0.802v-DG Pk =0.0723
Pk =10.858 LOAD = 100.00
LOAD = 100.00 0765 RPW = 17500
0.765- RPM = 17773 (20.17 Hz)
(29.62 Hz)
068
0.65
0595 0.595
0.51 o 09711
g g
= =
= =
= 0425 = 04254
5 S
=3 o
= D
> >
X~ X
o 0.34 4 o 0344
0.255 02554
017 0174
0.085
0.085
1
0 : . Freg1777.1
] 60000 120000 180000 g1 000 . ., Freq17e3z
Frequency (CPM) Armnp: 0.0230 120000 180000 Cri1 019
Frequency (CPM) Amp: 0.0381
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Vibration Analysis

Case History #2B
Hot Water Pump 25
Motor bearing fault
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Vibration Analysis

ta3-132.rbm 132 f PHW-25 TA3-132 RM170R

MOA - Motor Cutboard Axial 1712019 500:54 A PHW_25
7 D532 DG Motor — Non-Drive end data.
@571 Vibration Spectra in normal
scale.
Pink cursors are multiples of

turning speed — an indication
of looseness.

e
w
1

There is also a very high 3x
peak which is an indicator of
misalignment.

Pl Yalocity ininfsec

The analyst’s theory is that
because this motor ran
misaligned, it developed the
bearing fault.

Q
i
1

This bearing fault had

advanced to where there are

clearances being developed
- . and thus the looseness

A L b naaRaRa P A pattern.

Freguency (CP ) Armp: 0.0128
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Pk Velacity ininfsec

Vibration Analysis
PHW-25 - Data before and after repair

ta3-132.rbm /132 / PHW-25 TA3-132 RM170R ta3-132.rbm/ 132/ PHW-25 TA3-132 RM170R
MOA - Motor Outboard Axial MOA - Motor Outboard Axial
10/9/2019 8:20:46 AM 9/30/2020 2:17:59 PM
0.55- Route 0.55- Route
C‘) 0.713v-DG 0.0735V-DG
Pk=0720 Pk =0.0735
LoAD = 100.00 LOAD = 100.00
RPM = 17500 RPM = 1750.0
(28.17 Hz) (29.17 Hz)
0.444 0.444
0.33 . 0.33
&
=
=
=
S
o
@
>
=g
.22 5 p2z
0114 0114
. . Freq1778.2 . Freq 17834
120000 180000 O 017 120000 180000 1019
Frequency (CPM) Amp: 0.0143 Frequency (CPM) Ampe 0.0336
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Vibration Analysis

Case History #3
FE-004
Motor and Fan bearing faults




Vibration Analysis

ta16.rom / 205 / FE-4 Fan / MOH - Motor Outboard Horizontal

048

Pk Velocity in infsec

016

HMLJJU oo

048

Pk Velocity in infsec

25000 50000

JL_;“\‘ L L J

1
75000 100000
Frequency (CPM)

FE - 004
Motor — Non -Drive end
horizontal data.

Vibration Spectra in normal
scale before and after fault
developed.

The analyst findings is that
this motor has developed
the bearing fault.

The peaks are 1 times
turning speed.

This bearing fault had
advanced to where there
are clearances being
developed and thus the
looseness pattern.

9

25000 52000
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Vibration Analysis

ta16.rom /205 / FE-4 Fan / MOH - Motor Outboard Horizontal

2IRININIA 41-NR-A12 AN
Anelyze

RPM = 1785.6

(29.76 Hz)
6 LOAD = 100.00
p RMS = 1.307
Ph(+) = 5.853
1 ] Pk(-) = 7.684
| Crest = 5.086

Reference.
Time:0.217
Rev:8.428

Amp: 5.567

Acceleration in G's

Primary
Time:0.250
Revi10.43
Amp: 2,999

041 082 124 146 Diim0.0337

Time (Seconds) Freq:1780.9
Drev:1.003

. Ditirm:0.0337 e

RPM = 1765.0

o Freg: 17509 (et "o o

RMS = 0.296

PR(+)= 1.111
A Direy: 1 .003 e

Acceleration in G's

0382 165 248 33
Time (Seconds)

FE — 004 - Motor — Non-Drive end horizontal data.

Vibration Waveform (Raw Data) before and after fault developed.

The impact spikes (red arrows) in the data are 1 times turning speed (Frequency in CPM).
"\ Los Alamos This confirms the bearing fault in the spectral data
@) 05 NAMOS The analyst findings is that this motor has developed the bearing fault.



Vibration Analysis

®

Acceleration in G's

ta16.rbm /205 / FE-4 Fan / MIA - Motor Inboard Axial

4

AIRIN

Acceleration in G's

082 165 248
Time (Seconds)

Qi

Los Alamos
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082 185 248
Time (Seconds)

FE — 004 - Motor — Drive end Axial Waveform data.

Vibration Waveform (Raw Data) before and after fault developed.

The impact spikes (red arrows) in the data are 1 times belt turning speed (Frequency in CPM).
This data is highlighting a belt fault frequency - we knew that the belt was in bad shape.

Analyze

RPM = 17853
(29.76 Hz)
LOAD = 100.00
RrS = 6 294
Plg+y = 2153
Plg-) = 21.56
Crest = 3426

Reference:
Time: 0 547
Rev 16 29

Amps 19.55

Primary:
Time: 0 887
Rew: 26 38
Amp: 15889

Citim:0.339
Freq:176.94
Dreyv:10.09
Q-27F-N2 ANA
Route
RFM = 17650
(29.42 Hz)
LOAD = 100,00
RS =0712
Pl(+)=1.933
Pl(-) = 1.867
Crest=2.713



Vibration Analysis

ta16.rbom/ 205 / FE-4 Fan / MIA - Motor Inboard Axial 1.766 vV -DG
Pk = 1766
LOaD = 100.00

0724 A RPN = 1785.3
| (20.76 Hz)
06 o

Reference
Freg:21420.0

Cird 12,00
Amps O 704
/»J\”‘j\\ .' 4 W\ﬂmm et
b TR e . Fregq:21597.2
i, frdn J\JJLHMU“ R e Orcd:12.10

6500 13000 26000 Arnp: 0,602

Frequency (CPM) b a
/ / Ofrg:177.19

A4 -MO-MN2 ARA
Analyze
RPN = 1735.3
(29.76 Hz)
LOoAD = 100.00
RMS = 6.294
Plki+) = 21.53
Plki-) = 21.56
Crest = 2 .428

Pk Velocity in infsec
=
w
&

o
s
LS

012

221 ‘
Vi

Acceleration in G's

Reference
Time:0.547
Rewv: 15.29

082 165 248 Amps 19.55
Time (Seconds)

222

FE — 004 - Motor — Drive end Axial Spectral and Waveform data. ZZ@EE@?
Spectra shows belt frequency sidebands (red arrows) that are highlighted in the waveform data. Amp 18 59
The impact spikes (red arrows) in the waveform data are 1 times belt turning speed (Frequency in CPM). i

This data is highlighting a belt fault frequency.
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Vibration Analysis

®

Acceleration in G's

ta16.rom / 205/ FE-4 Fan / MIA - Motor Inboard Axial

QIRMNNIA AN-44-RQ AM
Route
RPM = 1765.0
(29.42Hz)
LOAD = 100,00
RIS = 1542
P(+)= 2000
PK-) = 2258
Crest = 14 64

Acceleration in G's

03 6 2 )
Time (Seconds)

Q/72/7N272 Q-27-NR AM
Route
RPM = 1765.0
(29.42Hz)
LOAD = 100,00
RIS = 0.712
Ph(+)= 1933
PK(-) = 1.867
Crest=2713
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03 16 24 B
Time (Seconds)
FE — 004 - Motor — Drive end Axial Waveform data
Vibration Waveform (Raw Data) before and after fault developed.
The impact spikes in the data confirms the bearing fault in the spectral data
The analyst findings is that this motor has developed the bearing fault.



Vibration Analysis

Case History #4
HVA-002
Motor and Fan bearing faults




Vibration Analysis

021

0.14

Pk Velocity in infsec

007

70000

~
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| VIR | T

?oﬁ,Qowﬁqu

21ADNTIA 6-NO-21 AN
Route
0.345V-DG
Pk =0.345
LOAD =100.00
RPM =1750.0
(29.17 Hz)

HVA-002
Motor — Non-Drive end
horizontal data.

Vibration Spectra in normal
scale.

The analyst findings is that
this motor developed the
bearing fault.

The pink peaks are
bearing inner race fault
frequency and harmonics.

Freq:3472 1

?ﬁ‘L@QO‘QOQQJOOdGlOOd o Ord:1.984

140000
Frequency (CPM)

210000

= amp 0.0159



Vibration Anal

36

sis

y ta-22 rbm / 91 / HVA-?2 RM C-102 / MIH - Matar Inhoard Horizanal
/ NIAAMNMNDA O-NO-D1 AN
RPM = 1750.0
(29.17 Hz)
LOAD =100.00
RMS = 7.061
Pk{+) = 3548

Pk{-)=3189
/ Crest =5.109

27

Acceleration in G's

e Reference:
Time:0.0811
Rewv 2 658
. Amp: 3548
Frimary:
0072 0,745 0215 029 Time:0.103
e (oeeensy Rev:3.162
HVA-002 Motor — Drive end horizontal data. Vibration Waveform (Raw Data) Amp: 22 57
The impact spikes (red arrows) in the data are inner race fault frequency (Frequency in CPM).
This confirms the bearing fault in the spectral data Dtm:0.0173
i@ Los Alamos  The analyst findings is that this motor developed the bearing faut. I Err‘zafg‘ig;f |



Vibration Analysis
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Vibration Analysis

DMAAIINIA O-NO-I1 ARA
36+ Route
RPM =1750.0
{29.17 Hz)
LOAD = 100.00
RMS = 6.944
Pk{+) = 3548

Pk{-}=31.89

27 Crest=5.108

Acceleration in G's

27

36

029 058 087 1.16

145
Time (Seconds)
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Vibration Analysis

Freq3472.1
Ord:1.984
Amp: 0.0159
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