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X = Asin(at + @)

Simplest Form of Vibrating System

Displacement
A d = D sina,t Displacement
D{ '/-\II'. / .
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1 Frequency
T
§ Perod, T, in [sec)

_ Frequency, fn:Tir| in [Hz = 1/sec]
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® Vibration Spectra
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Nature of Fauit

IVibration (Hz=rpm/60

Frequency of Dominan Direction

Remarks

Rotating Members

out of Balance 1 xrpm Radial A common cause of excess vibration in machinery
Misalignment & Usually 1 x rpm Radial
Bent Shaft Often 2 x rpm & A common fault
Sometimes 3&4 x rpm | Axial
Uneven vibration levels, often with shocks.
Impact rates for *Impact-Rates:
the individual - -
bearing component - H ontact Angle impact Rates f (H2)
: ¢ U -84t 0w 1801 For Outer Race Defect Mzl ~ 1,00 8¢
glaemegm 8’:::::";95 Also vibrations at Rag'al ; R ’ :g
high frequencies > N B 1o ; For inner Race Detect #iHz) « G101 Z8Cor it
{Ball,; Roller, etc.) (2 to 60 kHz) often |Axial \\\\\\\\\\§ 73::" 20 sl': "
related to radial . L0 For Batl Defect f(Ha) + 1, |x { pg Con I
resonances in n = aumber of balls or ¢ollers
bearings U o s Mo
Jouma] Bearings Z;ﬁ;ha:g:n;i;g:w Primarily | Looseness may only develop at operating speed and
Loose in Housings 172 or 1/3 x st Radial temperature (eg. turbomachines).
Qil Film Whirl or | Slightly less than Pri i
Whip in Journal half shaft speed R""?a:' Y| Applicable to high-speed (eg. turbo} machines.
Bearings (42% to 48%) adia
b Jouz (1) Jeo
. |Vibrations excited when passing through critical shaft
Hysteresis Whirl Shaft critical speed P""?a"'Y speed are maintained at higher shaft speeds. Can sometimes
Radial  |be cured by checking tightness of rotor components.
Tooth meshing Radial Sidebands around tooth meshing frequencies indicate
Damaged or worn | frequencies (shaft rpm & modulation leg. eccentricity) at frequency corresponsing
gears x number of teeth) Aoxidh to sideband spacings. Normally only detectable with
and harmonics very narrow-band analysis.
Mechanical 2 x rpm Also sub and interharmonics, as for loose Journal
Looseness bearings
1,2,3&4 xrpm :
F i ais Radial
aulty Belt Drive i, adia
Unbalanced > 1
Reciprocating 1 x rpm and/or Primarily
Forces multiples for higher Radial
and Couples order unbalance
Blade & Vane Radial '
|
Increased passing frequencies & |
- ncreasing levels indicate increasing turbulence
Turbulence and harmonics Axial
1 xrpmor 1 or2 Radsal
Electricall {
Induced V)'vlbfauons times sychronous & Should disappear when turning off the power
frequency Axial

S st i
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Vibration = Vibratory Force / Impedance
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*. Vibratory Forces
*. Resonance
‘. Structure
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Displacement: x = Asinat , Velocity: v =dx/dt = AwCosat , Acceleration:
a=dv/dt=—-Aw’Sinat
=Aw (Velocity amplitude) ce o aisls = A Sl als f= ol Luils 3

= (Acceleration amplitude) Am® Clis cacels
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Displacement amplitude= Velovity /@ ; Acceleration amplitude = Velocity x @
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" . Vibration displacement
" Mils=10%inch

", Eddy Current

‘¥, Vibration velocity

'* . Measured point

¥ Vibration acceleration
V' g=9.81 m/sec?
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1. Introduction to machinery analysis and monitoring ,By Mitchell,1993
2. Machinery vibration measurement and analysis, By Wowk,1991

3. Machine diagnosis -Schenck manual

. Absolute Bearing Vibration
'* . Relative Shaft Vibration

¥ . Sleeve Bearing

" . damping

. Non-Contact
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