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Degree of ) . :
. Light (initial i Y
deterioration ight (imitial) Middle (cautaog) Heavey (damage)
Failure \@\
state
Crack initiation & . i
_propagation Flaking ?ropagati@ gf flaking
Vibration
wave Vibration of bearing
Acoustic emission | Obegrved vibration case is excited
. wave leve) according to impact by heavy flaking
Frequency | about 300 ~ 600 kHz 5 ~ SORHz 500 ~ 600H:2

Propagation of Vibration Status
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3) CORRELATE SIGNAL COMPONENTS
WITH FAULTS

1)} CONVERT VIBRATION
TO AN ELECTRICAL SIGNAL
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Time Domain VS Frequency Domain
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Machinery Noise and Diagnostics
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Imbalance (1)
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Imbalance (2)

Static

Dynamic

unbalance



Imbalance (3)
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Imbalance (4)
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Figure 14.18 Spectral plot exhibiting large (1X) frequency due to unbalance.



Basic types of misalignment
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Misalignment — Angular misalignment

This shaft rigidly fixed axially
i ~ Shafts pinned at this point

1 rev

Angular misalignment (Axial vibration)
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Misalignment — Offset misalignment

Rigid shaft
9 _Shafts pinned at this point
~ — Flexible shaft
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Offset (parallel) misalignment (Radial vibration)
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Misalignment
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Vibration from a misalignment problem
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Waterfall spectral from a misalignment problem
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Figure 14.20 Spectral plot exhibiting misalignment.



ﬁ’lmGﬁ% ) ¥aJ misalignment problem

A bent or misaligned shaft results in a high

level of axial vibration
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Eccentricity
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(D} eccentric gear
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Looseness

Figure 135. Looseness which allows the machine to
rock and bounce as illustrated by this sequence can
produce vibration at 2 x RPM, 3 x RPM, 4 X RPM or even
higher harmonics.



Gear vibration
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Signal averaging applied to gearboxes
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Time domain of gear vibration signal

The type of gear defects which this method can
detect, and their associated signal average plots, are:

Gear condition ’ Typical signal average plot
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Figure 14.2 Time-scries averaging of time-domain gearbox signals.



Signal level

Gear vibration signal
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Causes of bearing defects
® Excessive load

® Misalignment

® Defective shaft & housing
® Fault mounting

® Improper fit

® Improper lubrication

® Poor sealing

Bearing defects

Failure modes

® Inner race

® Quter race

® Rolling elements

® Cage

® Lubrication
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Vibration from magnetic force

RESULTANT

B BROKEN
ROTOR
BAR

Figure 158. Magnetic forces between the armature and
stator will vary periodically as the defective rotor
bar "slips" relative to the rotating magnetic field of
the stator. :



Oil whirl/ Oil Whip (1)
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Oil whirl/ Oil Whip (2)
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Frequency range and typical machinery vibrations

BEARINGS
l ]
1800 rpm 120 Hz
IMBALANCE MOTORS ___ STRUCTURAL CAVITATION
L l 7 RESONANCES
s N T T I A R AR A R TN B i T T
10 20 30 100 1000 10,000
FREQUENCY IN HERTZ
Figure 4.1 The frequency spectrum and typical machinery vibrations.



Causes VS Vibration

Vibration identification chart {ampitude, Irequency, phase)

Cause Amplitude Frequency Phase Remarks
Unbalance Proportional to 1 x RPM Singte Mast common cause of
unbalance Reterence ation
Largest in radial Mark-stable
direction repeatable
Misalignment Large in axial 1x RPM _usual m Best found by appearance of large axial
Couplings or direction. 50% or 2& 3xRPM o vibeation. Use dial indicators or other
Bearings and more of radial sometimes Tripie method for positive diagnosis., If sleeve
Bent Shaft vibration bearing machine and no coupling
misalignment. balance the rotor.
Bad Bearings Unsteady-use Very high Erratic - Bearing respensible most fikely the one
Anti-Friction velogity, aceeleration, Several times Muitiple nearest point of kargest high frequency
Type and Spike Energy RPM Marks vibration. Spike Energy measurement
Measutements recommended when analyzing bearing
failures.
Eccentric Usually not large 1x RPM me if on gears largest vibration in fine with
Journals gear centers. If on motor or generator
vibration diszopears when eris
turned off. i on pump or blower attempt
to balance,
Bad Gears or Low-Use ) very High Erratic - Velocity, Acceleration. and Spike
Gear noise Velocity, Acceleration, Gear Teeth Multiple Energy mezsurements recommended
and Spike Energy iimes RPM Marks when analyzing gear problems. Analyze
Measurements higher orders and sideband frequencies.
Mechanical Sometimes 2 x RPM Two Usually accompanied by unbalance
Looseness Erratic Reference and/or Misaticnment
Markes;- -~ PR,
Slighwly £eratic
Bad Drive Erratic or 1,23.84x APM  One or Two Swrobe Light best tooi to freeze fauity
Belts Pulsing of Belts depending on Belt, o
Frequency,
Usually Unsteady
Eiectrical Disappears when 1 x RPM Single or Ii vibration amplitude drops off instantly
power is turned off orlor2 . Rotating en power is tumned off cause is
X synchroncus Double Mark electrical. Machanical and electrical
frequency problems will produce “baats™.
Aerodynamic Ganbe large in 1xRPM or Mutiple Rare as a cause of trouble except in
or Hydraulic 1he axial direction Number of Marks cases of resonance.
Farces biades on fan
or impeller x RPM
Reciprocating Higher in line . 1.2.8 higher Muttiple inherent in reciprocating machines, can
) with motion orders x RPM Marks 3

orces

only be reduced by design changes or
Hon.




Vibration VS Causes

Frequency
fo Terms - , !
Ot RPM Most Likely Causes- Other Possible Cavses & Romarks

1 x RPM Unbalance 1) Eccontric journals, gears or pulleys
2} Misalignment or bent shaft — if high axial vibration
3} Bod beits {f F M of belt
4} Resoncnce
5) Reciprocoting forces
&)} Electrical problems

2 x RPM Mechaaical" 1} Musalignmant if high axiael vibrotion -

Loosenass 1) Reciprocating forces

3) Resonance
4} Bod belts if 2 x RPM of belt

3 x RPM Misaligament Uswelly g combination of misalignment and excessive axial
dearaaces {ioo;eneg.s)-

Less thon Oil Whirl [Less 1) Bod drive belts

1 x RPM than 1/, RPM) 2} Background vibration

: . 1] Sub-harmonicrggencnce

4} “Beat" Yibrotian

Synchranous Electrical Common electrical problems include broken rotor bars, eccentric

{AC Line Problems roter, unbolanced phases in poly-phase systems, unequal

frequency) air gag. .

- 2 x Synch, Torgue Pulses Rare us o pro&lmﬂ, wnless resoaance is excited
fFrequency

Many Times RPM
{Harmonicaliy
Related Freq.}

Bad Gears
A&fo&ynamic Forces
Hydraulic Forces
Mechanical Loaseness

Reciprocating Forces

Gear teath times PM of bad gear

Mumber of fan blode: times RPAt -

Number of impelier vanes times RPM

May occur ot 2,-3, 4 and sometimes highe. harmanics if
severe loascness :

High Frequency
{Mot Hurmoni-
<allr Re[gted)

Ead Aati-Friction
Beaarings

1} Bearing vibration may be unsteady — amplitude and
{frequency '
2} Cavitotion, recirculation und flow turbulence cause random,
high frequency vibration
3} Impraper lubirication of jeurnnl bearings
T {Frietion excited vibration}
4] Rubbing
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