DAY 2

- How to setup Spectrum Analysis
-Frequency Max/Min
-Resolution and Filter

- Beating

- Amplitude Modulating

- Frequency Modulating

- Root Cause Vibration Analysis

- Unbalance - Mechanical Looseness

- Eccentricity - Resonance

- Misalignment - Blade/Vane Pass Frequency
- Cocked Bearing - Pump (Hydraulic Problem)

- Coupling Problem - Fan (Aerodynamic Problem)

- Soft Foot/ Distortion - Pulley/Belt Problem



What's an F, .. and Why Does It Matter?

* F,.x IS The maximum frequency of the spectrum.

+ If youdon't collect it, you can't analyze it.

F.x = low frequency

F...x = high frequency




What's an F, . and Why Does It Matter?

* Frox 1S The maximum frequency of the
spectrum.

» If you don't collect it, you can't analyze it.
* Why not always collect the highest Fmax
possible?
- Limitations of the analyzer
- Takes extra data storage space
- Reduces the resolution of the spectrum



Fmax = 10 orders of operating speed for general analysis,
such as Unbalance, Misalignment, ...

Fmax = 20 orders of operating speed for Blade / Vane Pass analysis,
for example; Pump, Fan, Blower...

Fmax = 50 orders for Bearing analysis for Shaft diameter less than 4-6"

Fmax = 75 orders for Bearing analysis for Shaft diameter greater than 4-6

Fmax = 3.5 Times of Gear Mesh Frequency (GMF),for Gear Analysis
(GMF = Number of Gear Teeth x Shaft Running Speed of the Gear)

Fmax = 2.5 orders of Line Frequency for Electrical Eccentric Rotor/Stator,
and Electrical Phase problem

Fmax = 6KHz for Rotor Bar and Shorting Ring problem






Why should T be concerned about resolution?

s N
N

Because, if you can't see it, you can't analyze it....
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Number of Lines

lines or bins or cells
— [+— of resolution

A

Amplitude

Frequency Fmax

Fmax

Resolution = :
Number of Lines
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Sampling Size = 256, 512, 1024, 2048, 4096, 8192, 16384, 32768

_M#AJL

Resolution Line = 100, 200, 400, 800, 1600, 3200, 6400, 12800

Remark : 8 bits annsegeasiansias 256 M

Example : A939M5tHUA1 100 1d4 Spectrum, 14 Time Domain A9UNVDENIHOY 2.5 19189 A Spectrum



msmiaszeznalumsudeys Spectrum

/\Frequency =___F max.
Resolution Line

For example : F max = 1000 Hz, Resolution Line = 400
/\Frequency = 1000 = 2.5 Hz.
400

/\ Time = T max =1 =0.4sec.
2.5

4 average = 4 x 0.4 = 1.6 sec
(More sampling data, more accuracy)

Overlap 50 % = 1.6 sec / 2 = 0.8 sec,
(Less sampling dataq, less accuracy)

Additional bearing spectrum = 2 x 0.8 = 1.6 sec.



Resolution Line Recommendation

400 Lines for general purpose

800 Lines for Gear and Bearing analysis

3200 Lines for Motor Analysis

The example of resolution for Bearing.

Speed > 900 rpm , Resolution = 3-5 Hz per Line

Speed < 900 rpm , Resolution = 1.5-3 Hz per Line



Filter Type

Low Pass Filter
- LP 1000 Hz. = Cut-Off Frequency more than 1000 Hz.

Band Pass Filter
- BP 10-1000 Hz. = Cut-Off Frequency less than 10 Hz.
and more than 1000 Hz.

High Pass Filter
- HP 10 Hz. = Cut-Off Frequency less than 10 Hz.
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1) Amplitude Unit : Displacement, Velocity, Acceleration
2) Type of Detection: RMS, Peak, Peak-Peak

3) Fmax : The range of vibration frequencies to be
analyzed

4) Frequency units: CPM, Hz, Order
5) Filtering : The frequency to filter out ( noise frequency )

6) Resolution Lines : The accuracy of displayed vibration
frequencies

7) Number of Averages : How many FFT's are taken and amplitude
averaged to minimize random and transient

events



Synchronous Frequency = ANNANINNUANNS TP UV AN UMD U1, 2, 3....

Sub-Svynchronous Frequency = ANNANAINNANNSITOUVDIUNA]

Non-Synchronous Frequency = AN BN Henuve9 Synchronous 8% Sub-Synchronous




Beating

1) Occur at 2 frequencies have very close frequency as 5-100 cpm in normally, for example,
Motor drives a fluid coupling which may have a different frequency as only lower than 100 cpm
2) Will not make a side band, just can see a two close frequencies as only 5-100 cpm which is very
hard to see if the resolution is not enough.

The Example

— 17 Hz = 1020 Cpm

— 18 Hz = 1080 Cpm

Diff. Frequency as 60 Cpm = 1 Hz
mean the beating will be occurred
every 1 second
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Beating example at Blower with Fluid Coupling
Motor speed at 1489 , Fan speed at 1202 rpm
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Amplitude Modulating

1) Occur at only one frequency which has a varied load in a specific revolution, for example,

- Bearing frequency vary amplitude at every turning speed or FTF frequency

- Gearmesh frequency vary load at every turning speed of Gear or Pinion

- Rotor Eccentricity or Cracked vary load at Pole Pass Frequency ( Slip Frequency x No. of Pole )
2) Will make only a few pairs of side band.

1 modulating
revolution
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Frequency Modulating

1) Occur at Eccentric , Misalign Gear which makes rotational velocity
be none-linear in one revolution.
2) Will make many pairs of side band.
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Side Band example at Gearbox of A Cooling Tower Fan
with high numbers of sideband frequency

EMONITOR Odyszey Deluxe - [Spectrum]
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Side Band example at Gearbox of A 6as Compressor
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Diagnosing Machine Faults

Three Rules of Diagnosis

1) Each machine fault generates a specific vibration
pattern.

2) The frequency of the vibration is determined by the

machine geometry and operating speed.

3) A single vibration measurement provides information

about multiple components.



What is Unbalance?

The force created by a rotating body when its
center of mass is offset from its center of
rotation

Center of Mass # Center of Rotation

Heavy Spot

Center of Mass Center of Shaft

N

Rotation



4 Types of Unbalance

* Unbalance can be separated into 4 components:

Static Unbalance: Quasi-Static Unbalance:
Constant phase across the rotor 180° phase shift across the rotor
Center of Gravity Rotation Axis

Rotation  Unbalance 7 Center Of Gravity
Axis

SN D . L r.”__/?\
V U\ / \ 7 -

_ Displacement Caused Shaft Centerline
Shaft Centerline by Unbalance

Couple Unbalance: Dynamic Unbalance:
180° phase shift across the rotor 90° phase shift across the rotor

Rotation Axis Center Of Gravity PO D Center Of Gravity

\ >—- Unbalance /7\ Ff Unbalance 7
F, _—

A

\ \
Shaft Centerline Shaft Centerline




Static Unbalance:
Constant phase across the rotor

i Center of Gravity
Rotation Unbalance
Axis  \ y
PhySical Diagram —— \— e O s = —

\/ \/
/

Shaft Centerline

Force Diagram I

Motion Diagram




Quasi-Static Unbalance: Quasi-Static Unbalance:

0° phase shift or in Phase across the 180° phase shift across the rotor
rotor
Rotation A)xis , :
\ Center Of Gravity NILB Center Of Gravity

Unbalance r Unbalance
f
— -

T e

\ ) \ / h I
Shaft Centerline Physical Diagram S aft Centerline
S(s/2 >C)
> <D S(s/2 <C)
ok ) cS/2 I S/2
i i & f
L Y l \ /V l
Force Diagram C

Motion Diagram




Couple Unbalance:
180° phase shift across the rotor

Rotation Axis Center Of Gravity

\ }— Unbalance
Physical Diagram |y /7\
N 0

Shaft Centerline

Force Diagram ‘

Motion Diagram




Dynamic Unbalance:
90° phase shift across the rotor

Rotation Axis Center Of Gravity

) ) Unbalance —
Physical Diagram f

\
Shaft Centerline

Force Diagram < é/ }\

Motion Diagram




Unbalance

Characteristics:

High radial peaks at 1X shaft RPM

Low axial vibration at 1X shaft RPM
Low harmonics of shaft RPM

1X RPM sinusoidal pattern in the time waveform

Can cause other faults to appear, especially looseness

The criteria acceptance for 1X is 90% of Overall Acceptance Value
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Unbalance

E=AM — IMBALAMCED TURBIMNE
SPECTREA FROM MULTIPLE MERSUREMEMT POIMTS
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Radial vibration at 1X
shaft RPM is much

more significant than
in the axial direction

Freq: 60.04 Hz
Order: 1.010
Spec: .390



Unbalance Case History

- Turbine has thrown a blade and is out of balance.

» Speed reduced to keep vibration levels acceptable,
but now turbine cannot supply enough air to boiler
to generate sufficient steam for plant processes
and heating.

TOH TIH
TOV TIV




m Unbalance feausuldn
150 1940




Table 1 Balance quality grades for various groups of representative rigid rotors
(From IS0 1940/1)

Balance Praduct of the
Ciuality Ralatic |1-5.h||;‘-r Rotor Types - General Examples
Grade je, . xm)d
(=
mim/s

4 000 4000 Crankshaftdrives™! of rigidly mountad slow marine disssl engines with unsven numbsr of eyindars®!
= 1600 1 600 Crankshaft/drives of rigidly mounted langs two-cyde sngines

5 B30 630 [ Crankshatt drives of rigidly mounted large four-cyde engines

Crankshaft/drives of elastically mounted marine diessl engines

G 250 250 Crankshaft/drives of rigidly mounted fast four-cylinder diessl Enginea‘ )

100 100 Crankshaft/drives of fast diesel engines with six or moe n:g.-'in-:lers.‘t-'
| Complate engires (gascline or disssl) for cars, trucks and locomctives®!
G 40 40 Car whaesls, whesl ims, whes| ssts, drive shafls

Crankshaftidrives of slastically mountsd fast fourcyels sngines (gasoling or dissel) with six or more n:5.-1in-:ler~a‘1:'

Crankshaft/drives of engines of cars, frucks and kcomotives
G116 16 Dinive shafts {propsller shafts, cardan shafts) with special requirsments

Parts of crushing machinas

Parts of agricultural machineny
Individual components of engines (gasoling or disssl) for cars, trucks and locomctives
Crankshaft/drives of engines with six or more eylinders undar spacial requirmeants

GE.3 G2 [ Parts of process plant machines

Marine main turkine gears {merchant ssnvica)
Cantrifuge drums

Papar machinery mlls; print rolls

Fans

Aszembled aircraft gas turbine motbors
Fhwhesals

Pump imp=llers

Machine-tool and general machinery parts
r.1e-:|!urn and largs slectric armatures (of eledric motors having at kast 20 mm shaft height) withoul spscial
raquiraments

Small electric amalures, often mass produced, in vibration inssnsitive applications andfr with vibration-isolating
mountings

Ind ividual -:::n'necunents of E’l'lHiI‘EE undar Eial rEHuirva-rnenla




Continued

25 2.5 zas and stzam turbines, induding manne main turkines (merchant servics)
Rigid turbo-gensrator rtors
Computar memory drums and discs
Turbo-compressars
Maching-tool drives
Medium and large elactric armatures with spadal requiremeants
Small electric armatures not qualifying for ans or both of the conditions specified for small electric armatures of
balance qualty grads G 6.3
Turbing-driven pumps

=1 1 Tap= recorder and phonograph (gramophone) drives

Grinding-maching drives
small electric armaturas with spacial requirements

=04 0.4 Spindles, discs and armatures of precision grinders
GyToE copss

10w = 2anf80 ~ M0, if nis measurad in evolutions par minute and o in ediare per sscond.

2}
3)
4}

For alloeating the permissible residual unbalanes o cormection planes, refer to "Allocation of "'|:er to correction planes.”
A crankshaftdrive is an assembly which includes a crankshaft, flywhesl, clutch, pullsy, vibration dampear, rotating portion of connacting rod, ste.

Forthe purposes of this part of 150 19401, slow diesal engines are thoes with a piston velksity of less than 9 mis; fast disssl angines ame thoss with o

piston welkscity of greatar than 9 m/is.
In complkets sngines, the rotor mass comprisss the sum of all massss belongng to the crankshaft/drive described in note 3 above.




Maximum permissible residual unbalance, e per , ISO 1940/1
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Example to correct Unbalance
by Polar diagram
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Graphical Example




Graphical Example

We are trying to find the value to 0°
cancel out the O Vector.

270°

90°




Two Problems

* How much weight = 6 mils of vibration?
* Where should it be placed?



The Solution

* Add a trial weight = 6 grams at 25°

- anhd measure the results
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Trial Weight Results

Resultant Vector from 6 grams at 25° 6 Grams at 25 degree
= 9.1 mil (by actual measurement) at 40° from
the opposite of vector O (by actual measurement)

NAUD3 6 grams 25 d3f
aue9luzil Vector
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AMUININNBINII Vibration V1A 6 mils A0¥NNSY

9.1 mils Vibration 1910 Trial Weight

VYUIA 6 grams
6 mils Vibration 775 1% weight

VHIA 6 x 6 — 4 grams
9.1




Adding Correction Weights

The correction Weight 4 grams is added at 65
degree.

Our goal is to have vibration less than 1 mil. If we
don't obtain this goal, we will trim run the weights
again.



Adding Correction Weight

0

4 Grams is added @ 65°
6 Mils is created @ 270°

270°

18

.

90°



Width H

Diameter

4.‘

Width }<—+

71

Diameter

’,,

Width |=

— L

4.‘

Diameter

’,,

W/D RATIO | 1-PLANE 2-PLANE
<0.5 0-1000 > 1000
RPM RPM
150-2000
0.5to 2 0-150 RPM or
RPM >70% of
1*" Critical
>100
> 2 0-100 RPM up to
RPM 70% of

1% Critical




Trial Weight = 0.1 x Rotor Mass x 9.81 x900

Radius x [ Speed x 3.14 ]2

Rotor Mass in Grams

Radius in meters
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Eccentricity and Bent Shaft

NFLEIBIANEINATUHAAUTNANTDINITNHUIEBIATN

6 a = =
AuEnNa1e9IlnsamnasaAinaesgAies, gnily,
ApRIANaas IUFW AN1sduazinauNINNganian 1 x
RPMa894auNIEa9aue AN 19aINH I8 A AL NAN9281
NNINYUTNADITUIY NFBeLnaLNI9811 WL
WAZWLIAY A1 ldFA9TuTl 0 a9A1 AazLilis 180 B9AT (LA
AZANMNNIBIUALLAANDNNTARDUNATNILLALAUAIIUD
TUITUNH ) NINNRNNTNAZTINAAETUITWIEBSAUENINAZ
ANAAAAINIAUALINAU WA AN N ULSULENNAILRNTIANIS

dJ o a 49{ 1 o dgj o
wiis i iatiane @uetiulBuIuIINLEIIAu)

tlyvinisansazaanan naliifianisduazinauninmaiu
LUAUNY AReAuLaN198 Wl LU ENEN9Y 180 B9AILIU
FugouATasansneaiv InslnAnnsduazinaunanazetn
1 x RPM finn19Ansaat InATUAINanmwan uiazaei2 x

% 1 2 dl 1 v o
RPM tAnsaat] Indqnimansauiulan (a95e39uaann

o o/ [ [ 1

NANIATLA Ty NRIN T ALAAZILIILNY B1ENNINAL

v

NAFTTN



= d' ' % Y 1
°lun5mmmﬂﬂ Spectrum 3¥99nN 2X ﬂ?ﬂﬁ"INg‘IJGIJNaN



What is Misalignment?

* Deviation from a common centerline during operation.




Types of Misalignment

Offset = - e jz| ........ H:
At L Hoeeeeen

Both




O degree

90 degree

180 degree

270 degree

360 degree
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Misalignment

Characteristics:

2X shaft RPM axial dominates

High axial at 1, 2 and 3X shaft RPM

High radial at 1, 2 and 3X shaft RPM

Harmonics of shaft RPM above 4X are usually low

Phase readings show a 180° shift across the coupling

The criteria acceptance for 2X is 50% and 3X is 40% of Overall Acceptance Value




SYMPTOMS OF MISALIGNMENT

* Radial vibration is highly directional

+ IX RPM, 2 X RPM, and 3 X RPM can be present,
depending on the type and extent of

misalignment

Misalignment Symptom Direction
Angular IX RPM Axial

Parallel 2 X RPM Radial (H & V)
Combination 1/2/3 X RPM Radial & Axial

* Problems internal to the coupling usually
generate a 3 X RPM vibration.

+ Combination misalignment may produce 1, 2, or 3
X RPM or ANY combination of the three
frequencies. The key symptom is the phase shift
across the coupling



Misalignment
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Misalignment

ExAr — MISALIGHED LUBE OIL PUMP #Z2

SPECTREA FROM MULTIPLE MERSUREMENT POIMTS

LUBE FMP Z2-MIY

F Ze—0CT-87  18:43
LUBE PMP Z-TIH
H 25—0CT-87  1@:42

LUBE FrMP Z-MOA
Z5-0CT-87  149:41

Mo

LUBE PrMP Z-ron
Z5—0CT-87  1@:4B8

+ 2X shaft RPM is
dominant location of
vibration

» Vane pass is due to 11
blade pump impeller

Vane Pass

LUBE FMH Z—FUH
2E-QCT-587Y  18:39

S b ﬂ__wulﬂ_AnJ

k1 = 4 =) (= B 12 14 18 18 =26
FREGUEMCY IM ORDER

Freqg: 59.50
Order: 2.010
Spec: .640



Using Phase to Distinguish Misalignment
From Unbalance

Take phase readings across coupling.
Axial to axial 180° out of phase = misalignment.

When shafts are misaligned, the horizontal bearing-to-bearing
phase relationship is rarely similar to the vertical bearing-to-
bearing relationship on either sides of the machine.



Using Phase to Distinguish Misalignment
From Unbalance

If the phase readings on the coupling side bearing on each
machine are essentially in phase or 180° out of phase
horizontally and vertically, it is almost certainly misalignment.

This phase relationship has other causes such as a bow in the
shaft.

Please check for this condition also using a dial indicator.



Using Phase to Distinguish Misalignment
From Unbalance

A A-B =180° +/- 30°
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Vertical
Horizontal

10

Parallel misalignment




Misalignment Acceptable/ Tolerance

Machine Speed

Angularity in 1/100

Offset In Microns

750 0.15 200
1000 0.1 150
1500 0.07 100
3000 0.05 50

1 Filler mil = 10 microns
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Some Coupling Types' recommendation

Coupling Types

Recommendation peak at

Three Joint/ Jaw Coupling

Rubber or Bun Type Coupling

Shim Pack Coupling

Grid Coupling

3X

2X

2X and 6X

4X

s

Figure 30. Example grid coupling.
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RADIAL

@ 1 X RPM (Typ.)

SOFT FOOT, SPRUNG FOOT, AND
FOOT-RELATED RESONANCE

50 -75 microns tolerance




Mechanical Looseness

Time Waveform

1) Truncated Waveform

2) Square Waveform

3) Sawtooth Waveform

Trureated
Flattened
Waveform
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Multiple harmonics of running speed for Rotational parts

1) At any rotating parts will Dominate at 1X-10X

Coupling wear
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Multiple harmonics of running speed for Stationary parts

2) At Bearing Pedestal will Dominate at 1X-3X with some fractional
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Multiple harmonics of running speed for Stationary parts

3) At Base Plate or Structure will Dominate at 1X
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The conclusion for Mechanical Looseness

e Multiple harmonics of running speed for Stationary Parts 1/3, 1/2,
2/3,1,1-1/3,15,1-2/3, 2,2-1/3, 2.5, 2-2/3x,...

e Multiple harmonics of running speed for Rotationary Parts 1, 2, 3,
4 5,6,7,8,9, 10x
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RESONANCE
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RESONANCE (9021092 13 1011192
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Hvydraulic or Aerodynamic Force

Flow Induced Vibration

*  Hydraulic or Aerodynamic Force such as
Cavitations, Recirculation, and Flow Turbulence

Varies significantly with Load

* Blade Pass Frequency = # Blades x RPM &wnsu
Blower/Fan

nsSo
* Vane Pass Frequency = # Vanes x RPM  &nsu
Pump

INAvIN
1) dowlanlasunsoanusniinzaalu Pumps n3o Blower/Fan

2) awoev Fluid Flow gnuono Tishesiudnu Dischar'ge nse Suction
lu casing/housing, Wlddwu piping

The criteria acceptance for BPF is 70% of Overall Acceptance Value




A Pump Example

How many vanes does this one have?




Vane Pass

The pressure output to the volute will vary as
the vanes pass depending on how exactly the
vanes line up with the outlet (volute) at any given
moment.

t vanes

So with any centrifugal pump there will be a
pulsation (pressure pulse) that occurs at a
frequency equal to the number of vanes times the
speed of the pump.

This Is called the “Vane Pass”
/ frequency. Itis always equal to

the number of vanes times the

/ speed of the pump.

l In this case...
| | | Vane Pass = bx

o
I
N
(00}
o
o



Hydraulic and Aerodynamic Forces
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Worn, Loose or Perpendicular to Belt tension AN LN
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Eccentric Sheaves

nsitiesruduazaisensliannaduesgnde
ﬁ@iﬁﬁmmﬁm%ﬁ@umﬁ 1 x RPM 284
fommammuimmiﬂﬂmmmimumvmmm
TulaananIulazay LLiNm\‘W] Bearing “IJ‘N'VN
frduuazFanLneasasuthl 1 dRasin
madwmaaﬁqné’ﬁLé@qquﬁimﬂammqu
\INYU Taper lock bolts aginglsfimINDaLENNg
4R ALTAY mmém@uﬁ%ﬂ“qmﬂ'@iﬁlﬁmm?
funazusadundulinduan (Reversible

fatigue stresses) LNALINL

ANUNUNNETA NN MINAN1I A UA N

1x BEPIW of Eccerinc
g Sheave
Freguency
Raial Belt Resonance
1x FPM

g Belt Resorarce )
B

=

Fraquency

ARG AN R BT TNT AT DIANENUAZLR A
INA17aM591 L RPM 2184NBLARSYTARAN
ANNLAFTINTIRLDIENENL E1NTD AN A
Tnennaasuuilas Inantsulasunanumses
A18n1% 1138 kA NeNaaa9dngnae T
ansagnasanylilnanisfinusiauazse
ANTLAAALNF UM IM IR NsllAsy

A % A o
LL‘JJZNV]@HZ\]@@’WJW’TLM?@ Bearing



	Slide Number 1
	What’s an Fmax and Why Does It Matter?
	What’s an Fmax and Why Does It Matter?
	Slide Number 4
	Slide Number 5
	Why should I be concerned about resolution?
	FREQUENCY RESOLUTION
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Three Rules of Diagnosis
	What is Unbalance?
	4 Types of Unbalance
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Unbalance
	Unbalance
	Unbalance
	Unbalance Case History 
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Example to correct Unbalance �by Polar diagram
	Graphical Example
	Graphical Example
	Graphical Example
	Two Problems
	The Solution
	Trial Weight
	Trial Weight Results
	Slide Number 45
	Adding Correction Weights
	Adding Correction Weight
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	What is Misalignment?
	Types of Misalignment
	Slide Number 55
	Slide Number 56
	Misalignment
	SYMPTOMS OF MISALIGNMENT
	Misalignment
	Misalignment
	Using Phase to Distinguish Misalignment �From Unbalance 
	Using Phase to Distinguish Misalignment �From Unbalance 
	Using Phase to Distinguish Misalignment �From Unbalance 
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	A Pump Example
	         Vane Pass
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91

