DAY 3

- Root Cause Vibration Analysis
- Oil Whirl/ Oil Whip
- Bearing Failure Analysis
- Demodulation Technique
- Bearing Natural Frequency
- How to analysis Bearing Failure
- The 4 Fault Frequencies
- The 4 Fault Bearing Failure zones
- Gear Defected Analysis
- Gear Mesh Frequency
- GAPF
- Hunting Tooth
- Na of Gear
- Motor Analysis
- DC Induction Motor
- AC Motor
- Synchronous Motor

- Workshop for alarm setting in real world
- Review Illustrated Vibration Chart



The vast majority of bearings are one of two types:
Rolling Element, or "Anti-Friction” Bearings
and Fluid Film_Bearings

Accelerometer

Eddy Current Probe

v

housing housing

Oil Wedge
Soft Mf’tal (load zone) Rolllng Element: Low cost, Simple to
(Babbitt) apply. But are capable of only moderate

Fluid Film: Capable of supporting very speeds and relatively light loads. Rotor

high loads, high temperatures, high dynamics aren't bad but diagnostics can

speed. Expensive and associated Egllcs?mplex due to all those spinning

rotor dynamics are very complex.
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Qil Whip Instability

Fotor Speed
or 01 Whirl
W A A spectral map showing
— , Wlass Incbalance - e Oil Whirl becoming Qil
== —— Whip instability as shaft
== —7= speed passes thru 2X
£ F‘ r.i:n = = critical speed
_ﬂ = Critical Speed
B= Frequency
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Definition of each Bearing Types

Angular Contact Ball Bearing Taper Roller Bearing Spherical Roller Thrust Bearing

Deep Groove Ball Bearing | Needle Roller Bearing | Cylindrical Roller Thrust Bearing /

1 Bearing tyl!ies

. . Vi
Self Aligning Ball Bearing Cylindrical Roller Bearing Spherical Roller Bearing | Needle Roller Thrust Bearing Y-Bearing

Single Direction Thrust Ball Bearing




Roller Bearing Faults

Four different bearing frequencies

Ball Spin Frequency
(BSF)

Fundamental Train

Frequency
(FTF)

Ball Pass Frequency

Inner Race
(BPFI)

Ball Pass Frequency
Outer Race

(BPFO)
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Bearings: Stage Five
3% 500 Hz

BPI

”'Ffl'x 2%BPI
L
] L] ||

L] || ¥ ||
Defect frequencies

Utrasonic

Matural frequencies

Bearings: Stage Six

1X

3

2X

BPI
l:f’:__ﬁl 2HBP1

500 He

L] | L] | L] |
Defect frequencies

Utrasonic

Matural frequencies

Bearings: Stage Eight

3
1X

2X

500 Hz

L e

Defect frequencies

Htrasonic

Matural frequencies

Bearings: Stage Five

3

BPI

]

=00 Hz

2XBPI

Defect frequencies

| I ‘ I |
I L] I L]
Ultrasonic

Matural frequencies

Bearings: Stage Seven

1X
2K

- 3%

200 Hz

T 0y

Bearin

gs: Stage Mine

L1

Defect frequencies

| LJ ] ¥ 1 L] ! I:
trasonic
Matural frequencies

P IR
o







Outer Race Frequency - 5.7X

”

Inner Race Frequency . 8
?

Ball Spin Frequency 2.7 X
?

Cage Frequency . 03.05¢x



Nb
BPOR = Ball Pass Outer Race = T (1 - ];_dd Cos O ) x RPM

Nb
BPIR = Ball Pass Inner Race = > (1—|— ]s_((fli Cos 6) x RPM
Pd
BSF = Ball Spin Frequency = Z?d[l - ( B_d Cos 9)2 ]X RPM
Pd
1
FTF = Fundamental Train Freq. = 5 (1' ];—g Cos ©) xRPM
(Inner Race Rotating)
1
FTF = Fundamental Train Freq. = 7 (I-I— ];_g Cos O ) x RPM

(Outer Race Rotating)



N, = Number of Balls or Rollers
B, = Ball/ Roller Diameter
P, = Bearing Pitch Diameter

© = Contact Angle

Remember that BPOR + BPIR = Number of Balls



Pk MELOCITY IN IN-SEC

Roller Bearing Faults
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How Bearing Faults Generate Vibration

Outer Race
/

Impacting

——— Inner Race
Impacting

Inner race signal
with modulation




How Demodulating Technique work

Step 1: High Pass Filter at 0.5 - 2.5 kHz which is
the Natural Frequency of most bearings.
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Constant Time T of Impact Frequency = FTF, BSF, BPOR, BPIR
l J l

[ [
‘m A\ [N Y /] i\
‘W IaNi/aViaN//av|
* |

Tn=1/Fn
/\ Fn = Natural Frequency
AW :
2 4
\ \/ \/ Step 2 : Resonance the shock pulse
Step 3 : Enveloping
X?B. Step 4 : Demodulate the high fregq.

to low impact frequency
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Onset of Outer Race Defect

VIB - Outer Race Fault

QUTER

-R44 ROLL BRG. #4 - AXIAL

can’t be detected with

Early bearing wear frequently
standard vibration measurements

0.36

235Ul Ul A120[9A Md

300 400 500

Fregquency in Hz

100



Actual Outer Race Defect

VIB - Outer Race Fault
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Bearing Problems at Turning Speed Harmonics

1) Internal Clearances

2) Loose Bearing Mounts

3) Bearing Loose in Housing
4) Slipping on the Shaft

5) Misaligned Bearing

Standard Waveform of Bad Bearing

- Standard waveform
- Some level of impacting visible

Standard FFT of Bad Bearing

Standard FFT
- High frequency signals



Cocked Bearing

Cocked bearing - .
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Lubrication Problems

1) Lack of Lubrication
2) Excessive Lubrication

3) Dirty Lubrication



Other Causes of Bearing Failure

1) Improper Application
2) Manufacturing Defects
3) Brinelling




Bearing Loose in Housing

1) Truncated Waveform
2) Rubbing

-Fractional Harmonics in Spectra about 1/3 of
Running Speed

3) Operationally
-Speed Varies

4) Excitation of Resonance



NOTE:

Loss of Discreet Peaks indicates drastic change
in the Bearing Geometry.

- The criteria acceptance for Bearing Frequencies is 30% of Overall
Acceptance Value

- The criteria acceptance for Bearing Harmonic Frequencies is 25% of
Overall Acceptance Value

- The criteria acceptance for Bearing Natural Frequencies is 20% of
Overall Acceptance Value




Bad Bearings and Journal
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REMARKS:

* In the case of anti-friction Bearing failures, very high frequencies will
be noted with the bearing responsible being the one at the point of
the largest in line with gear centers.

- On motors or generators vibration disappear when power is turned off.

* On pumps and blowers, improvement may be accomplished by
balancing.

- Velocity measurements are recommended when analyzing for
Anti-friction bearing failures.




Gear Defected Analysis



PK Velocity in InfSec
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Gear Mesh Fault

VIB -Vacuum Pump

GBOX/PUMP -G2A G-BOX INPUT BRG. #2 - AXIAL
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Sidebands
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gear wear
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Gear Mesh Frequency = Number of Teeth X Shaft Speed
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Gear Mesh Frequency (GMF)=T1 xN1=T2 x N2 =6 x 1500 =45 x 200 = 9000 cpm

Gear Assembly Phase Frequency (GAPF) = GMF /Na=9000/3 = 3000 cpm,

Hunting Tooth (HT) =Na x GMF = 3 x 9000 cpm = 100 cpm , ANud AW sgRaanyunuadnnsnils
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Case of Gear Eccentric problem
Gear no.1 has eccentricity

CG=CR

Phase 3 at 180 degree




Backlash

Backlash

Backlash is happened by the polishing between tooth 1A and 1B, when
surfacel A and 1B are worn out, the backlash will be over tolerance, then
tooth 2B will be not after 2A as completely, this can be one problem of Gear

mesh



Gear Box example at Cooling Tower Tooth cracked at Bevel Gear
(1lesnensenin)

High Input Spead = 1485 rpm
Low Input Speed = 990 1pm J

rearbox Reduction=9.7:1
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geanmneash 1 |Shaft 2 "
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[ | |Shaft 1 [I8T

B T 6 Z
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22316 232260
Fizure 2 - Lavout of gearbox (nternals.
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Conclusion

* The criteria acceptance for Gear mesh Frequencies is 70% of
Overall Acceptance Value

» The criteria acceptance for Gear mesh Sideband Frequencies
is 50% of Gear mesh Peak Value

+ The Gear mesh Frequencies indicate which pair of problem
Gear, but the Sidebands indicate which shaft, so we can
identify the fault Gear

Case History #1 , Gear Defected




Gearbox analysis
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dawm Gear Sumsz Load fisnnduly

Gearbox analysis (tooth load)

n
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GEAR RESONANCE

One frequency that is not easily calculated is the gear resonant frequencies.

Resonant frequencies occur naturally in all structures, but do not appear in the
spectral data unless some other frequency excites the resonance.

In gearboxes, excessive looseness, and eccentricity problems that cause the
teeth o mesh together with excessive force will cause high levels of impacting in
the machine that will cause the gear resonant frequencies to be excited
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The speed of the planet (TS), .+ is determined by multiplying input shaft speed
(TS),, by the number of teeth on the ring gear (#T),,, and dividing by the
number of teeth on the planet gear (#T), -

(TS) planet N (Ts)m X (#Tr-mg / #Tplanef)

Then GMF = (#T)plane'r X (TS) planet

Once the gear mesh fr'equency for the planet gear system is found any of the
turning speeds can be determined by dividing the GMF by the number of teeth
on that gear.




Other Orders Criteria acceptance

* The Sub synchronous frequency shall be less than 30% of Overall
Acceptance Value

* Over 10X shall be less than 20% of Overall Acceptance Value
* 1st and 2" Harmonic of Gear Mesh shall be less than 50% of
Overall Acceptance Value

- 1st Harmonic of Blade Pass Frequency shall be less than 35% of
Overall Acceptance Value



Motor Analysis



AC INDUCTION MOTORS

A. Stator Eccentricity, Shorted Laminations or Loose Iron
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Shorted laminations
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Laminate # Stator
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Loose stator windings
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B. Eccentric Air Gap ( Variable Air Gap )

F | = Electrical Line Frequency
N ¢ = Synch. Speed = 120FL/P
F ¢ = Slip Freq. = N ¢ - RPM

F p = Pole Pass Freq. =F ¢ * P
P = Number of Poles
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Motor current measurement
I LF

2xSlip

o0 Hz or 60 Hz

Motor current measurement

60 Hz

a8.060 Hz 6l.334 Hz




C. Rotor Problem
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Shorting Ring Rotor Laminations  Rotor Bar Properly
Passing Current To

\ / /Shor'ﬂng Ring

Broken Rotor Bar Causing Localized Heating and Causing
Noticeable Increase In Current On Adjacent Rotor Bars
(And Generating Fp Sidebands Around 1X RPM & Harmonics)



Thermal rotor bow Loose rotor on the shaft
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D. Phasing Problem (Loose Connector)
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AC SYNCHRONOUS MOTORS

LOOSE STATOR COIL
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DC MOTORS AND CONTROLS
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C. FAULTY FIRING CARD OR BLOWN FUSE
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E. FAULTY COMPARITOR CARD
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TYPICAL TREND
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Overall Alarm

* Area (energy) under the spectrum
- 'Shotgun’ method
- No diagnostic information

» Bearing and gear problems will not provide early
warning with overall alarm
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Overall Alarm

Total vibration on machine

Fk “EL IM IM-SEC

exHM - BHLL BRL TEMTER ZOME 5 FHM

THT 23 FAM-F=Y  FAM BRG, #2 — VERTICAL

ALARM LEVEL = 0,11 IN/SEG

FREGUEMCY IM KCPM

SPECTEUM DISFLAY
11-0CT-582  12:67

Pk = .1931

4+ 4 LORD = 189.8
FFM = 1357.

FFS = 22,82
PEAK - RMS

OVERALL VALUE

May detect unbalance vibration
(typically higher amplitudes)




Overall Alarm

Total vibration on machine
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Not sensitive enough for even advanced bearing faults
(typically low amplitude signals)



Frequency Bands

Divide spectrum into frequency bands based on the
types of mechanical faults that might appear on the
machine.
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Possibility

of Each Order

Frequency
In terms of RPM

Most Likely Causes

Other Possible Causes & Remarks

1 x RPM

Unbalance

1) Eccentric journals, gears or pulleys

2) Misalignment or bent shaft - If high axial vibration
3) Bad Belts - If RPM of belt

4) Resonance

5) Reciprocating forces

6) Electrical problems

7) Looseness

8) Distortion - soft feet or piping strain

2 x RPM

Mechanical
Looseness

1) Misalignment - if high axial vibration
2) Reciprocating forces

3) Resonance

4) Bad belts - if 2 x RPM of belt

3 x RPM

Misalignment

Usually a combination of misalignment and excessive axial
clearances (looseness).

Less than

Oil Whirl (less

1) Bad drive belts

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

3) Sub-harmonic resonance

4) "Beat" Vibration
Synchronous Electrical Common electrical problems include broken rotor bars, eccentric
(A.C. Line Problems rotor unbalanced phases in poly-phase systems, unequal
Frequency) air gap.
2 x Synch. Torque Pulses Rare as a problem unless resonance is excited
Frequency

Many Times RPM
(Harmonically
Related Freq.)

Bad Gears
Aerodynamic Forces
Hydraulic Forces
Mechanical Looseness

Reciprocating Forces

Gear teeth times RPM of bad gear

Number of fan blades times RPM

Number of impeller vanes times RPM

May occur at 2, 3, 4 and sometimes higher harmonics if
severe looseness

High Frequency
(Not Harmonically
Related)

Bad Anti-Friction
Bearings

1) Bearing vibration may be unsteady - amplitude and frequency
2) Cavitation, recirculation and flow turbulence cause random,
high frequency vibration
3) Improper lubrication of journal bearings

(Friction excited vibration)
4) Rubbing




Fault Characteristics®

Fault

Parameter

Indication

Remarks

Unbalance

1x RPM

Amplitude is proportional to
imbalance.

Most common cause of vibration. Correct by
balancing the machins.

Misalignment of couplings
or bearings. Bent Shaft.

1¢RPFM, 2 &3 x
RPM somstimes

Large amplitude in axial direction,
50% or more of radial vibration.

Best found by appearance of large axial
vibration.

Mechanical looseness

2 BPM, often 3x
RPM also

Large amplitude in radial
direction.

Often accompanied by imbalance and
misalignment.

Oil Whirl. Typically
associated with lightly
loaded bearings.

SMAX

Erratic magnitude & phase

Band #1

Elevated level

The orbit will show a secondary loop that
moves around independently of the unbalance
loop, as it is not synchronous with rotation.

Resonance

SMAX

magnitude & phase changes with
speed.

Band #3
(if defined)

Elevated level

Resonance and excessive bearing wear tend to
produce elliptical orbits. If the contribution is
due to resonance, this condition can be
pinpointed if the orbit changes noticeably with
changes in running speed.

Shaft Bub

Band #2 (2x)

Elevated level

SMAX

Change in magnitude

Severe Shaft Rub

Band #1

Elevated & erratic

SMAX

Erratic magnitude & phase

1x RPM

Elevated

The orbit will show a secondary loop that
remains fixed — does not rotate. As a rub
becomes more severe or continuous, then the
orbit becomes more complex and possibly
erratic, with bearing structural resonances
being excited and multiples of sub synchronous
frequencies showing up

Electrical

1x RPM & 1x &
2% line frequency

Amplitude drops entirely when
power is turned off

Electrical causes of vibration show up at 50/60
Hz & 100M20 Hz (1x & 2x line frequency) and
will disappear quickly when power is turned off.
A “Slip-beat” vibration may occur at sleep
speed times the number of poles.

Bearing
Temperature

Temperatures will typically elevate for each of the above faults except whirl, which
may result in lower than normal temperatures.

*This is not an exhaustive list of potential faults, diagnostic indicators and conditions. When unexpected changes to the
monitored parameters occur, review by a certified vibration analyst may be required to identify the specific cause or problem.




BANDS SETUP

GENERAL PURPOSE MACHINES SET-UP

BAND NO DEFINITIONS | SUGGESTED MACHINE
SETUP SET-UP

BAND FMIN 0.8 x RPM
BAND FMAX 1.2 X RPM

BAND 1 BAND ALARM |90 % OA ALARM
BAND NAME 1 X RPM
BAND FMIN 1.2 X RPM
BAND 2 BAND FMAX 2.2 X RPM

BAND ALARM (40 % OA ALARM
BAND NAME 1.5-2 X RPM

BAND FMIN 2.2 XRPM

BAND FMAX |3-2XRPM
BAND 3 BAND ALARM | 30 % OA ALARM




Frequency Bands With Trend
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Envelope Alarming

* Constructed from baseline spectra
"Variable-shape enveloping”
Effective in finding small changes

a.s | 0.1 in/fsec 0.3 infsec
Increase Absolute

@-a.t 200 % rise Value
over \
@-= - Reference .02 infsec —
Minimum

— Jlill il J"l il ﬂll_ﬁ' 'TL\"_" .
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Example of Narrow Band Alarming
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Example of Narrow Band Alarming
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4 METHODS OF ALARM

Spectrum Peak Alarm

 Type of alarm—

Type of peak,

r Cancel
7 Minirmur Below

o M awirnum g — &lam threshald

Spectrum Statistical Alarm

inirnLIm;  Type of alam —
Ereskine inirnuirn: : Band Percent Change al pr%_ﬂa;é
Type: [+ Constant width Magimum: — [1000, Direction of change — o Eell:uw Carecl
o : E
" Percentage width Hbove L :
" Below Alarm threzhold
— Envelope = o - J
2 3 : IEIrALAn: - -
Lowhecpiersy cutt. [0 Type: (" Constantwidth | Alam threshold ;
Percent from peak: 0. (" Percentage width Miiriur: 10— Magimu: {1000, =l

D efinitiar: M awirurn: 1000, ~ Efvelope
Lows frequency cutoff: {D | 3

Spec Above Max + 0% =
R Type: % Constant width widthe |1 -2

" Percentage width

Percent from baseline: {0, Percent of change:

D efirmtion:

[ Use cutoff amplitude:
Spec dbove Bazeline + 0%

i ™ Include from cat
leed Peak Dbk Include from category
Band &bove Last Value + 0% Low frequency cutaft: |0 % of max freq.
Percent from average: |EI. :J

% Change fro

Sigma from average: 0

°/° Change fl"Of Ciefinitian:
Spec Above [Avg. + 0. Sigma) + 0%

% Change from Statically Average



Remembers

Thank you for your join our training course.

Hope you all can help improvement your plants
productivity in the near future to make your plant
more profitability
please remember that it’s just not only “vibration”
It must be Learning, Training, Experiencing.

It still need Total Productive Maintenance,

Operator, Maintenance and Inspection team
have to work together to get a co-analysis

Finally, it also need other analysis tools, such as
Oil and Current Analysis to integrate in one system
to fast and deep analysis of machine health.

The End
Thank You




The End
Thank You




Vibration and Noise

Identification Chart
(Additional)




Unbalance

IRD Mechanalysis, Inc. PREDOMINANT FREQUENCIES PREDOMINANT AMPLITUDE PREDOMINANT NOISE
T
. . . © . 3 =
Vibration and Noise »| @] . [ DRECT [ PROBABLE LOCAMON 2 |g HIEE
0 Q| & = S ElT| S
)] @] o — >3 = >
Identification Chart = AR = - o = [ . g é 3|
= =3 — = o [+
<= E SITIS(El=] IEBlel (2] |82 |2|8|le| |LIE|55|2
Causes of Vibration =58 z |z P Z |2 sl |T(5(8]|_ 5|2 23| o|E| @ ol |=|_|8l&|T|T 2
gl IEIZ sl ==l e|El5|5|E(5 |22 |2|=(2|E|lelg|lz|z|e
(RELATIVE PROBABILITY RATINGS: 1 THRU 10) s |2B|2|a|Tl=(Z(38|22|2Z]e|&|S|2|&(8|c | &332 (82225
Initial Unbalance 10 5141111911 2 8|2
UNBALANCE (1)
Shaft Bow -Lost Parts 10 5141111911 812

REMARKS:

» Most common cause of vibration whose amplitude 1s proportional

to the amount of unbalance.

* May be aggravated by or may produce complications such as seal

rubs, bearing failure or resonance.
* Overhung rotors may show relatively high Axial Vibration




Misalignment

IRD Mechanalysis, Inc. PREDOMINANT FREQUENCIES PREDOMINANT AMPLITUDE PREDOMINANT NOISE
[
Vibration and Noise " @| [ _DIRECT || PROBABLE LOCATION 0 % EEE
g . nls|l o = = <l = =]
Identification Chart L 2lgle 5|22 HEEE
5 213 - = S o[- s o y
d=lsl=(23ss121 81518 [|8]el |2 sl 21 2lslel |ul2|l5l5lE
. . el |a|s|lalalo|D|(Zsl® | 2 o3 £l o olsl="l—|lE|ZT|ZT]|Q
Causes of Vibration S|lele|le|8le|c|s|s| =N Llsl=|ElS1E|2|5] 2 |5(S|elEld|cl>>]|8
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LOOSENESS Foundation Distortion 2 5(2 1 5[4]13]1]1]5 Erratic || 1[5
AND Case Distortion [ |t 8| 112 112 514|191 Erratic |1 ]7]|1]1
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» Misalignment appears as a large axial vibration. Use dial indicators or other methods
for positive diagnosis.

» May produce friction or deflection forces which one be severe.

» Looseness creates many problems. Small amount may allow violent vibration .

» Looseness 1n bearings may be mistaken for o1l whirl.

 Usually accompanied by unbalance and/or misalignment.

» Distortion causes vibration indirectly by generating misalignment,causing internal rubs
or uneven bearing contact.

* Piping Forces & Foundation Distortion often cause resonance problems.

» Rubs are characterized by the presence of many frequencies all over the spectrum
often ultra-sonic.

* Produce "Hot Spots" resulting in bent shaft, bearing cavitation and resonance.



Bad Bearings and Journal

IRD Mechanalysis, Inc. PREDOMINANT FREQUENCIES PREDOMINANT AMPLITUDE PREDOMINANT NOISE
[
Vibration and Noise wlg DIRECT || PROBABLE LOCATION © % o |27
- - w = y — - =T
Identification Chart s 2|8 N 5 | E|2]. HEEE
= 2lz2lels = 5 2|9 s|8 Dc-lc|c|e
o o 8 © = (2] Q =
o A HEEHHEREHE AR B RE ER L RN EEEE
Causes of Vibration = (old|r|le|o|e|e|®|T alel=ll=lE|glC|=2(E|l & e |8 I}
AR RE S HE R HEE BHEHEH B HEEFEIERE
(RELATIVE PROBABILITY RATINGS: 1 THRU 10) S|F|B|=|w|T]=|=|2|0 |2 |z |<|e|a|S|E|(T|3|& | [2|S|T|E|T|>|>|5
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REMARKS:

* In the case of anti-friction Bearing failures, very high frequencies will
be noted with the bearing responsible being the one at the point of
the largest in line with gear centers.

* On motors or generators vibration disappear when power 1s turned off.

* On pumps and blowers, improvement may be accomplished by
balancing.

 Velocity measurements are recommended when analyzing for
Anti-friction bearing failures.




Gearing and Couplings
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REMARKS:

e Misalignment 1s prime cause of gearing failures.

e Pitting, scuffing & fractures from non-uniform loading results.

* Couplings are susceptible to be both misalignment and torsional forces.
e Friction whirl/low damping also contribute.




Critical
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REMARKS:
= " 1 "n - n "
* For practical purposes, the terms "Natural Frequency", "Resonance

and "Critical Speed" are synonymous.
» Minute unbalances cause large shaft deflections due to centrifugal

forces at critical speed.

e Differs from resonant vibration in that the shaft does not vibrate
"Back and forth" but rotates in an ever increasing bow, assuming

equal radial damping.

 Shaft will bend rather than fail fatigue as in the case of resonance.
* A critical may be improved by balancing.
* Resonance may be improved by internal damping.




Resonance

REMARKS:
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» Resonance-Only amplifies vibrations from other sources, cannot generate vibration.

 Can create highly dangerous situations by amplifying normal vibration in rotating
machines or from pulsation in piping.

» May cause rotors or bearing abnormalities such as Resonant Whirl.

 Torsional Vibration is not usually noticeable extremely since motion 1s superimposed

on the rotation similar to the action of a washing machine agitator.
» Failures may occur without warning unless gearing 1s involved resulting 1s noise; also

bearing and case vibration.

* Special transducers usually required.
» Torsional Resonant frequencies coinciding with electrical frequencies can become

Very serious.




Miscellaneous Basic Causes
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» Bad Belts-Strobe light will freeze faulty belt.  Cure is matched belt sets, equal tension &
correct alignment.

» Reciprocating Forces-Inherent in reciprocating machines-can only be reduced by design
changes or 1solation.

» Aero-Hydro Forces-occur usually at number of impeller blades X RPM.

* Random Pulse may produce related resonance.

* Friction Whirl-sometimes called "Hysteresis Whirl". Rare but violent.
Cause: Rotor passes through critical; angle between unbalance & shaft "High Spot” swings o

180 ™
with friction damping also 180 out of phase. = Frequency of vibration always at actual rotor
critical speed.

 O1l Whirl - Caused by shaft being pushed around in bearing clearance by oil pressure wave.

e Frequencyv 1/2 shaft speed less 2%-8% due to friction effects.




Electrical
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REMARKS:

* Phase at synchronous frequency. Electric cause of vibration will show up at 50 &
100 Hz (1 & 2 X line frequency) and disappear quickly when power is turn off.

* A "Slip-beat" vibration may occur at slip speed times number of poles.

» "Beat Frequency" related to more than one machine operating at nearly the same speed.

» Mechanical defects may be detected with conventional indicating methods.

 Defective Bar-Break bar connection, energize one phase with low voltage and turn
rotor by hand.

* Current surge will indicate broken bar. Check air gaps.




Noise Radiation

* Mechanical and Electrical Defects- are noise source which appear initially as vibration and

are later transferred into airborne noise.
» May be associated with Fan/Motor Unbalance;
 Bearing Noise alignment; Duct and Panel flutter-Oil Canning Effect;
* Flutter of dampers, blades, vanes,
Noise-may be due to electrical Energy transformation:

1) Magnetic Forces-A function of flux densities, number and shapes of poles or slots and air
gap geometry.
2) Random Electrical Noise-Brushes, electrical arcing, sparks,etc.

» Aerodynamic-May be related to vortex shedding, pressure pulsation, windage, etc.,

and create both broad and narrow band noise.
* Broad Band-a) Fan blades, vanes, obstructions supports in the air stream.

b) Mechanical rotation-Integral fans, belts, slots, etc.
c) Abrupt changes in direction of flow or cross-section of ducts (Rumble).

* Differing flow velocities in adjacent streams-flow separations such as boundary layer effects,

compression effects, etc.
» Narrow Band-a) Resonance-Organ-Piping effects, vibration strings, Panels, structural

members, etc.
b) Sharp edge vortex effect-air columns excited by blow (whistle).
c) Mechanical Rotation-siren effects, slots, holes, vanes, grooves on rotating
parts.



REMARKS:

 Impactive-Create by the forceful contact of one body or element
with another such as the noise produced by a dropped hammer a
thunder clap, sonic boom, etc.

 Tooth impact in gearing may be audible as well as the slap of faulty
drive belts.

e Impact noise may occur so rapidly that special high speed recording
technique must be used to distinguish the impact from the
unpredictable transient.

» Areas with many impact generators will have a steady state

 "Drone" resulting from the accumulation of many impact "peaks"
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