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Faults Analyzing < s LT
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O Sl 5 VT
Effect Of Unbalance
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(Increased mechanical looseness) SG\Se & 2l
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LT ¢l 5l
Types of Unbalance
« Static unbalance

« Couple unbalance
« Dynamic unbalance
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Static Unbalance
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Couple Unbalance
T —>
— Fu,
g
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* s....Center of gravity .»Jf o Al s ¢S s Slals i e
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Dynamic Unbalance
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Weight Balancing
- 1st Run:
Measure original condition ( Vo, @) 1 res
- 2nd Run:
Trial

Measure with trial mass applied (V1, @1) a4

- Calculation :
Calculate size and position of

Correction
mass

correction mass (IMc)

« 3rd Run:

Check result with correction mass applied

m res
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Misalignment
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(Vibration : Radial & axial) —
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Misalignments

- OFFSET MISALIGNMENT

- ANGULAR MISALIGNMENT :

- COMBINATION ANGULAR / OFFSET MISALIGNMENT
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Shaft offset Misalignment

SHAFTS PINNED AT THIS PT.

1st CYCLE

Y 1 REV.

2nd CYCLE
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Faults Analyzing

Shaft Angular Misalignment

THIS SHAFT RIGIDLY FIXED AXIALLY

f SHAFTS PINNED AT THIS PT.

1 CYCLE
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Faults Analyzing o 58 T

Sl G o i Gl el

A. Parallel misalignment mm/s

1X 2X 3X

Radial Vibration approx. 180 ° phase Please Note:

shifted across the coupling Misalignment often appears on 1X
2X often highest peak component only

S . <IYs Parallel Or Offset Misalignment s s> 5 4 sb 5 Jlax>=I b 555,05
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Lg‘q)\jéjfwﬁﬂbébw

B. Angular misalignment

[
1X 2X 3X

Axial Vibration approx.. 0 ° phase shifted
1X,2X or 3 X highest
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(Eccentricity) <u 5 3l -,

10 -

0.31 7

Fan  Motor
RPM RPM

N
* Center of rotation different

from geometrical center
*Vertical an horizontal phase
either equal or 180 ° different

((Eccentricity) o 58 0 5l =l
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Blades Pass Frequency
[1]27FA102 - 11:32 am
I R I T
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Dl 260 460 Eéﬂ BD|D 1 D|DD

Hz
A bearing vibration velocity spectrum of a Peak list:

centrifugal pump at an osmoses plant

) ) 1.87 Hz 0.66 mm/s
The Suction pressure is one bar and the
discharge pressure is 30 bar, and number of 49.68 Hz  1.20 mm/s

blades are five. 248.75 Hz 4.20 mm/s
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S 3 S S VLT s

» Mechanical imbalance appear with rotational speed.
« Electrical imbalance appear with synchronous speed.

» There is a different between RPM and Synchronous speed that
is called Slip.

Slip = Synchronous - RPM
Slip =0.1% to 15% of N
Slip value depends on size motor
Bigger motors have less slip
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Sl gl S s SO S
Vibration : Mainly Radial

Frequencies : Increase in low harmonies

inter-harmonics

@ mm/s
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3.1

Loose Foundation
2X often high | :
Sub-harmonics scxisx x
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éjr’““” le'“ Condd BE ga”&,o L;Ej
Loose shaft 4 Trapezoidal
Often series
of sub harmonic
components
Y2, 113, ... 1/n

—“" "
0 o
OIS

Time Waveform
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252 U]

D58 ol
mm/
10
1
0.31

Truncated Wave form

rprrrr
.5X 1X 1.5X...3X

Symptoms same as Mechanical Looseness
* Sub-harmonics 1/2 ,1/3 etc.
* Strong Harmonic pattern Caused by truncation
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D1 D2 2
l n = number of balls
fr = rotation frequency

BPFO = foer (HZ ) = % fr(l— EB cos ﬂ)
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BsF= fu (i) 0 B[ )|
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10
31

0.31

1X 2X

< Axial And Radial Vibration
* 180 ° Phase shift in Axial Vibration
« 0 ° Phase shift in radial vibration
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b y3 S S
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Radial Crack Longitudinal Crack

Shaft Cracks may be detected
by monitoring of:
*Amplitude and Phase of first
and second harmonic of RPM.
*Monitoring of Coast down and
Phase | Run - up characteristics when
passing through resonance
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a0 S 5 dUyss sl 68

Mechanism Center of Shaft

Slightly Negative

Center of Bore Pressure

Low pressure
(Minimum Oil Film
Pressure)

Eccentricity
Center line

High pressure
(Maximum Oil Film
Pressure)
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Rotational Speed of oil wedge= Slightly less than /2 RPM
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. . 0.43X 1X 2X
Oil Instability

Wo~03-05 Ws * normally 42 %- 47 % of running speed
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* Non Synchronous
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Wear Clearance Problems 0-31
« Harmonic Series of Rotation Speed AR ERRRRRN
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Case Study (O1l Whip)

[1]12.08.02 - 16:56

This spectrum  is S O P S N S N
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journal bearing of a ZE o oo
Philadelphia Gearbox 1 ' ! ! ! '
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: . H~
Input shaft running with Bandwidth Amplitude
4690 RPM or 78.2 Hz 38.125 Hz 3.2461 mils pk to pk
ASAR Pump Station 56.875 Hz 0.1087 mils pk to pk
75.625 Hz 0.3619 mils pk to pk
78.125 Hz 0.0907 mils pk to pk
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S S sla g5 ge g

Broken Motor Winding Insulation Air Gap
Bars Degradation Eccentric

- Cracked Ending
Rings

Bent Shaft - MOTORS

Loss of Phase Oscillating Poor Brazing
Supply Load

Diagnoses of ac motors faults can be integrated with
vibration measurement and trending
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S sl 5 gn sl

Symetrical condition
for north and south pole

Mains
frequency

Pole .
Pole passing

frequency

g Pole passing frequency
(2 X mains frequency )

SO OL ST e s SO Slals ) sy e S s (AC power) Cslae G,
“Peak L K55k 5 “Peak 7L L eSS s sbss (S S5 L 1) b a (oo pie) oslize
Line 5 Ysme SO Clilyl a8 Clins p opl kS o &K o0 K 2 53 =7
Syl ziw s .dib . Line Frequency i, 55 55 clél Slale,l L .o Frequency
.b}:o < V) r‘j&:.a\ ):2FL BE) QUW}‘
Wl gl g ala, g QL&[;J)\}:JUTJJan&lfj.éjdab)\hp\j“_gb\w
* Fline = Electrical line frequency (Normally 50 Hz)
* 2 Fline = Torque pulse frequency

* P =# of poles on the motor (the number poles always is even number 2, 4,
6, etc.)

* Fsynch. = synchronous electrical speed = 2 Fline/P (_o.blis ol s )
*WSPS = # winding slot*RPM

*RBPF = # rotor bars * RPM

*FPole = Pole Pass Frequency=P*FSlip

* FSlip = Slip Frequency = Fsynch. - RPM
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A ey 550 kil Jo s

Stator Eccentricity
Looseness of Stator Support
Shored Stator Laminations
* 2nd Harmonic
of line frequency

Pole Pass Freq. = Slip Freq.* No. of Poles
Slip Freq. = Synch Speed - RPM

[

1RPM

2Fline
2RPM

Stator o Oy o yskul 4 ba,e Cae I .Cwl H5se 4k b s Winding  fols ) sl
56T .5 5 ozt Winding Shorts 5 Looseness/Weakness of Stator y Eccentricity
S35 33 embliae Olie gz 35 8 o alb Alr Gap ol uis &) 4 4, 5kl Eccentricity
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S S 55 50 5555y Jsls

Broken Rotor Bars
Cracked Rotor Bar

Loose Rotor Bar

Shorted Rotor Laminations
Poor End Ring Joints

* Side bands of Fpole
around 1X, 2X 3X etc..

Stator
Bars

1RPM
2Fline

2RPM 3RPM

Jsles 51 36 Salasyl sls Laseis SLalas )l 0T 5 (6,8 o3l Go b 51 015 o |y by gy ooges
L3RPM ;2RPM ; IRPM (s .55 5,5 Broken/Cracked rotor bars, bad joints
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b o il s Sideband slus ol & 6 i b .aST . A 5 Pulsing s Humming
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The goal of a gearbox is to provide power and or
speed changes with a minimum of excessive noise
and vibration.
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(Gears types) la slus ¢l

Spur Gears

Helical Gears

Bevel Gears

<
o
=
Q
e
&

*TYPICAL BEVEL GEAR MARKINGS

Helical Gears

Spur Gears
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‘Bevel Gears

Gb olis Sl S 35y (o0 JS S e Chd 5 ges Lkl 4 8 JLES] Cgr s s lius 2 oyl
st asls Spiral Bevel G, Straight Bevel

‘Worm Gears
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Defelction
due to load

.lf{ Typical
A Wear
Profile

Ideal
" Involute
Profile

Pitch Vibration from gears comes from
several sources, including :

Period
- Tooth deflection under load
/'/\‘\ /'/’\.\ ['/\\ Time - Uniform wear around the gear
L\ff L\/J ‘«\/J — - Local effects such as cracked teeth
- Gear misalignment

Typical Gearmesh Waveform - Bearing misalignment

5okidst o Gl ( adge e a0k Ll U 1558 bl e LS8 5 S Sl
AL oSl 55 4 Ll Slasie 5 e Lnl 5l el 8538 o (B 5 b &Ky Sl
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CondUT & b ot o oy LT )3 487 das (oo OLES 1) ol 2 &5 Gloj e (5L SIS
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Gear Mesh Frequency oT a 45 5,05 355 oidst o (5,8 )5 il 3 s ot > el s
05 5y 5 &5 JUl s wels ol o Ll 51 i s iS5 ol i £ s (GMF)
.W%éﬁ)éngMFéﬁj.u\deaéﬁﬁb
sl dslons 5 S5l 4 GMF

GMF= (# Teeth) * (Running Speed)
555 dail

out

(# Teeth) . * (RPM) . = GMF = (# Teeth) __ * (RPM)

out
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o S

* GearMesh Frequency

GMF = No. of gear teeth x gear
turning speed

e The Amplitude

Gear mesh Peak

e Sidebands

Spaced peaks around the of the gear
mesh frequency

?/M'

e Resonance Worm Gear

May be excited by gearmesh energy.
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e O Y e

* Amplitude mesh frequency doesn't matter.

» Gearbox condition classified as bellow:
- 1 GMF, and 2 GMF & 3 GMF are very low— Good

- 1,2 & 3 GMF are above, but Sidebands are below— Average
- 1, 2&3 GMF and sidebands are above — Bad

GMF
| Good
GMF Side bands
Average
GMF Side bands
[ L g e
1l i
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oIS S ol
(Eccentricity and Backlash)

Amplitudes
1Gear running .
- . Side bands
1pinion running
Gear Natural Frequency
‘ 1GMF 3GME
2GMF
Frequency
“ ““ﬂ nir ﬂ“ﬂ u"‘"u

Sh o bs Gl b el cas s (Eccentricity) <uS e Sl g0l 4 CAE 5 sl
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1&2&3 GMF s 5L aals -
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SO B o
Amplitudes Side bands

1Gear running SGMF
1pinion running 2GMF o
Gear Natural Frequency » Loose Bearing Fit

2Ge}ar runnlng
3.25 GMF
‘ ‘| ‘l | ’l | nair Ll niir
Frequency

GMF VU (sls <S5 la L 5 93 K gasle oS5 o sl i odis 2 5> Misalignment
Lss o ales Running Speed Jol s 4 sls Sideband L b ¢S 5o s ool aadl 35 5 o
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Sources of Machine Vibration

Vibration
level

llll |||I 1 || L | lllllllul |
st 2nd 3rd 4(h 5th 6th 7(h 8th gth 121h Order
(Frequency, Hz)

NOISE, i.e., vibrations caused
by other machines or ambience
e.g., wind excitation or acoustic excitation
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