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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

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

270°

90°

180°



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)
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AMUININNBINII Vibration V1A 6 mils A0¥NNSY

0.1 mils Vibration tAA910 Trial Weight
VU IR 6 grams
O mils Vibration A5 1% weight

VH TP 6 X 6 = 4 grams



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

4 Grams is added @ 65° 0
6 Milsis created @ 270°

270°

90°

.

180°
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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



What is Misalignment?

* Deviation from a common centerline during operation.




Types of Misalignment
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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 LILIBE OIL PUMP #=
SPECTREA FROM MULTIPLE MERSUREMENT POIMTS
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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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Misalign Bearing Cocked on Shaft
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Misalignment

REMARKS:

* 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 in bearings may be mistaken for oil 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.
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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.



Coupling wear (3-jaw couplings) {1
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Coupling (non-parallel face)
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RADIAL

@ 1 X RPM (Typ.)

SOFT FOOT, SPRUNG FOOT, AND
FOOT-RELATED RESONANCE

50 -75 microns tolerance




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 o0

1 Filler mil = 10 microns




Beariing Failluie Analysis






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




Cage Frequency

Bearing tone

at FTF



?
Outer Race Frequency - 55X

?

Inner Race Frequency : 877X
?

Ball Spin Frequency 27;—X

Cage Frequency 403 - 05 X



N
BPOR = Ball Pass Outer Race = —2( 1 : E—g Cos© ) x RPM

BPIR = Ball Pass Inner Race = —I% 1 +]IB)_§ Cos©O )X RPM

BSF = Ball Spin Frequency = 27d [1 ﬂ COS_O) ]RPM

FTF = Fundamental Train Freq. = —%'-(1 — Cos O ) x RPM

(Inner Race Rotating)

B
FTF = Fundamental Train Freq. = ‘%(1 + ) 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

FBRAG - TEMTER ZONE 3 SUPPLY FAM
8581 -1a#35-F1A FAM BRE. #1 - AXIAL
L

E-EB 1 I 1 I | 1 | I I I
| | | 1 L
o 16 : Bearing wear shows up at
' : specific peaks related to the
[ geometry of the bearing
8.12 : | | ' :
| | : I
/o
B .83 ! | |
| | .
! ! Bearing Wear
9.84 '
|
|
|
|

] 1A 28 I8 48
Frequencu in 0O




How Bearing Faults Generate Vibration

Outer Race
/

| mpacting

T Inner Race
| mpacting

|nner race signal
with modulation




Onset of Outer Race Defect

VIB - Outer Race Fault
OUTER -R4A ROLL BRG. #4 - AXIAL

PK Welocity in IniSec

0.36

C C c c c
0.30 | . .

Early bearing wear frequently

| | | can’'t be detected with
0.24 | | i '| standard vibration measurements
018 |
012 |
0.06 |

0 U"U"'M. E e - | .

0 100 200 300 400 500
Fregquency in Hz



Actual Outer Race Defect

PK Velocity in IniSec

0.20

0.16 |

0.12 |

008 |

004 |

VIB - Outer Race Fault
OUTER -R4A ROLL BRG. #4 - AXIAL

c cC c c

Advanced bearing wear shows
up clearly in spectrum

100 200 300 400 500
Frequency in Hz






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

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.
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. JOURNAL BEARINGS
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Steps in Developing
a_Conditioned Based Maintenance Program

Program Audit/Assessment * Personnel Training
Equipment Survey * Database Setups

- Prioritizing equipment - CbM Database

CbM Technique Selections - Equipment Database
Select Surveillance Intervals - Establish Equipment Limits
CbM Equipment Selections + Establish Baselines
Personnel Selections - Routine Data Collection
Decisions on how to integrate * In-depth Analysis

intfo site maintenance and - Correct Machinery Faults
operations - Program Justification

- Work Requests, Planning
and Scheduling

- Work Acceptance and
History



Step 1: Define Program Focus

Identify Critical Machines
- Effect on production
- Availability of back-up machine
- Cost to repair
- Time to repair

For Example:

Class A ( Critical Machines) mean Plant Shutdown and no Standby
unit. Lost in both Production Time, Quality, Reliability, Scrap for
start-up and Waiting Time for spare unit. Interval Time = 2
weeks.

Class C (Balance of Plant) means no Plant Shutdown, and there are
Standby units, but lost in Production Speed, Quantity, Quality,
Reliability and etc.  Interval Time = 3 months.



Step 2: Determine Collection Methods

Route-based periodic * Online monitoring
- general plant equipment - critical equipment

Ik . - installed sensors
= walk around survey - automatic monitoring

- manual measurement - define measurement

- monthly reading typical fnT@f‘VCl' |
- dil ibl - inaccessible or hazardous
readily accessible areq




Step 3: Create Database

Enter machine information
- Machine ID (asset code)
- Description
- Operating speed (RPM)
Define measurement points
- Point ID (identification)
- Description
- Sensor type (accelerometer)
- Analysis Parameters (how to analyze signal)
- Alarm Limits (allowable amount of vibration)



3120

iy

MACHINE IDENT: 3 COND XFER PUMP gl =
DRIVER INTERMEDIATE DRIVEN
RPM min: 2970 RPM in: RPM min.: 2970
max.: out: max..
MFGR:WESTINGHOUSE RATIO: MFGR:WESTINGHOUSE
MODEL: 7209 MODEL: MODEL:
SER NO.: SER NO.. SER NO.:
\V 480 P3 A 109 RATING: RATING:
pulley: 1D BELT # #BLADES:
BRG# BALL 6312 (1) BRG#: ) BRG# BALL )
BRG#: BALL 6312 (O) BRG#: O) BRG#: BALL (0)
H.P.: 100 GEART: CT GEART: CT
OTHER: OTHER: OTHER:




Choose measurement locations

Select optimum locations. For
acceleration and ultra-sonic rolling

element bearing detection get as close
to the machine bearings as possible
(ideally within load zone).

If you have to compromise on safety or
frequency response consider installing
a permanently mounted transducer

Never compromise safety.

Measure as near as possible to the
vertical & horizontal centerlines.

Axial measurements as parallel to the
shaft as possible - same location.

Do not mistake seal locations for
bearing locations e.g. on pumps

Avoid measurements on locations with a
low dynamic resistance e.g. protective
covers



Measurement Point Locations
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2 per bearing + 1 axial measurement per shaft



Use a consistent naming convention

Number from the DE of prime mover to the NDE of driven unit.

Location on the Machinery Option 1 Option 2
Motor Outboard Bearing (Non drive end) 1 MOV
Motor Inboard Bearing (Drive end) 2 MIV
Fan (Driven) Inboard Bearing 3 FIV

Fan (Driven) Outboard Bearing 4 FOV



PO1A| | PO1R TO1A| | TO1R PO1A| | PO1B TO1A| |TO1B| [MO1A |MOIB

I I | |

PO2A| |PO2B TO2A (TO2B PO2A| |PO2B TO2A |TO2B| MO2A [MO2RB
I [

PO3A |PO3B TO3A [TO3B PO3A |PO3B TO3A [TO3B| MO3A MO3B

P11A| | P11B T11A| | T11B P13A| |P13B T13A| ([T13B MI12A  [m12B

P12A| |P128B T12A| |T12B M11A | M11B MI3A mi3B| 234 M23B




Step 4: Collect Data

Accurate vibration data is collected in a route mode

Analyzers, data collectors and continuous monitoring
systems

Database is built in the computer

May need to trend parameters other than vibration
Establish alarm and warning levels

- From experience

- From manufacturers recommendations

- Published Corporate Specifications

- Vibration Severity Charts

- Overall Alarm Charts



IMPORTANCE- THE VIBRATION TRANSDUCER

The "Heart” of Every Vibration Instrument

Converts Mechanical Vibration Energy into an equivalent
Electrical Voltage Signal

Different transducers detect:

- Displacement (Eddy-Current or proximity probes)
- Velocity (Velocity Pickup or Velometer)

- Acceleration (Accelerometer)
Accelerometers are the most common

- All parameters can be obtained (displacement and velocity
through integration )

- Can be made fairly cheaply / rugged
- Not affected by mounting direction or shaft runout



MOUNTING MAKES A DIFFERENCE

=

=]

— S

8
= =
= =
= U
= I i N =] | 7 T

STUD GLUE QUICK LOCK MAGNET PROBE



ANALYSIS - EVALUATE BASED ON:

How Do We View These Measured Items?

>

.

*Trend

-Spectrum Graphs (Frequency Domain)
Time Waveform (Time Domain)
‘Waterfall Diagram Or Plot



TYPICAL TREND

EMONITOR Odyssey Deluxe - [Trend] 2 x|
lh File Edit “iew List Tool Setup Plab Window Help iy |
s EIME RO R EE e =
[in| mmisec Hone
12,
10, —
8.
" rch 5t 1958
6.
q, —frEEsatln et e e el s el e b b e e e e i
2 ; = =. ; : =. ;
f 1 f I f 1 f
41411998 §/8M998 1221998 327999 211999 11141999 319/2000
®: 2M6M998 6:56:19 PM Y: 35
UNSCHEDULE RECOYERY PUMP
BEARING UNSCHEDULED -1 Speed:1500.
Position: Offtour Direction:None 21641998 6:56 PM

Press F1 far help [Tarqet: 2/16/1998 £:56 PM [PLANTT [[defaul



Overall Alarm

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

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

P WEL IM IM-SEC

K12
H.168

EsHM — BHLL BRI TEMNTER SUME = FHM

THT Z3 FAMN-F2V FaH BRS. #2 — WERTICAL
: ! ! ! ! ! SPECTRUM DISFLAY
ALARM LEVEL =0.1 IN/SEC. i 11-0CT-83  12:67
Pl = .19321
1/ LoaD = 168, 8
RFM = 1357.
RFS = Z2.62

N

N\ PEAK -RMS

OVERALL VALUE

16 = 2 4 = =18 T
FREGQUEMCY IM KCFPM




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

FREGUEMCY IM KCPM

SPECTEUM DISFLAY
11-0CT-582  12:67

4\ SRR L SN SR e SR 1A LOAD = 168,

Pke = 19351
FFM = 1357.
RFPS = ZZ2.62
PEAK - RMS
OVERALL VALUE

May detect unbalance vibration
(typically higher amplitudes)




Overall Alarm

Total vibration on machine

EXAM = BALC BRG TENTER ZOWE 3 FAN
5 15— TNT 73 FAN-F2Y  FAN BRG. #2 — VERTICAL

: { ! { ! { ! SPECTRUM DISPLAY
o Bl ALARM LEVEL =011 IN[SEG" . .. . .. ... | 11-0CT=83  12:47
iy . : : : . . PK = .1931
> o@.esl] S e S i __/(u:n:m= 166, @
Z : : : : : : RFM = 1757,
T E.EE__.....;.....;.....Z.....;...”.;.....Z....<i_ RPS = ZZ.62
o 8.84] : : 1. : : : 1\
-
E EI'EIE"W PEAK - RMS

OVERALL VALUE
o

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.

P WEL IM IM-SEC
Pi VEL IM IM~-SEC
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ExAM — BALL BEMNs BOILER FEED PLMF |
L ExAM — BALL BEM- BOILERE FEED FPUMF
H O A, 4F BFlI FPUMF —-FPZH FUMFP BEARIMG 2 HORIZOMNTAL
R |_|J n 1 1 1 1 1 1 1 1 1
E g:.l E G M. 35 _T/ 'mbalﬁnc‘f-' 1
~ E % H B.28 | /,M-L&mgnment 1
H = ™ _ | oose
= = .25 yd 7 :
1| H - | H ' T / Bearing Band 1 . T
| Bearing Band 2
= Jd| P = B.28] [ | 1
o B | H ] v
| Y| 4 8.151 Y
i Lid
E = @A.18 | 1
et
. E.ES ! WM\A.M‘M“%_
5| ’ i
5| = 11 15 =28 25 2B\ 2= 48 45 =56
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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\"_" .

a




Example of Narrow Band Alarming
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4 METHODS OF ALARM

Spectrum Peak Alarm

Type of alarm

Type aof peak,
" Minirnum

* b agimum

Ervelope

Type: % Constant width

" Percentage width

Low frequency cutoff: ||:|
Percent from peak: ||:|_
D efinitiar:

Spec Above Max + 0%

Fixed Peal]

Alarrn threzhold

bk inirmuim:

Mawirmur: 400,
Envelope
Type: %" Constant width

" Percentage width

Lows frequency cutoff;, |0
Fercent from bazeline: |0,

Drefirtion:
Spec Above Bazeline + 0%

Catizel
Band Percent Change Al

Direction af change

" Below

Alarm threzhold
Minirurn: |0,
b agirnum: (1000,

Percent of change:

[ Use cutoff amplitude:

Crefinition:
Band &bove Last Y alue + 0%

Spectrum, Statistical Alarm

% Change fro

% Change fror

Type of alarm

Alarm threzhold
FinirnLim; |E|_

b Emirnam: |'IIJEIEI.

=

Ervelope

Type: & Constant width

" Percentage width

[ Include fram categon

Low frequency cutoff:

X
Cancel

Wwidth: |1 El:

1] % of max freq.

Percent from average: |EI.

Sigma from average: 0
D efinition:

Spec Above [Svg. + 0. Sigma) + 0%

El

% Change from Statically Average



INTERPRETING THE DATA

+ Identify the machine component with the vibration
problem (motor, pump, gears)

- In most (not all) cases the problem component will
have the highest amplitude

- In cases that have a common problem frequency,
amplitude and phase must be used

» Reduce the number of possible problems from several
hundred to only a few



OVERVIEW OF THE MOST COMMON PROBLEMS

« Unbalance..........cooooveoveceeeeeeeeeeerereen . 30 %
* Bent Shafts....oooeeeeeeeeeeeeeeeeeeeerer e 3 1o
*+ Misalignment..........c.cccccccovvvcvcvcecececece e 30 %
+ Looseness.... eeerees s enree s ere e rsies s @ o
: Eccen’rr'lcu’ry Problems.... . 2%
* Resonance... . 10°/o
- Belt Drive Pr'oblems i eveineenenn @ To
+ Defective Rolling Element Bearmgs .............. 10%
» Sleeve Bearing Problems.... NSRRI ¥ -
 Electric (Induc‘rlon) Mo'ror Pr'oblems .............. 2%
* Gear Problems.... everereneeeeresieeserrs s serssiee e B Yo



Step 6: Getting to the Real Problem

500 Total
Machines

200 From
Screening

100 From
Expert System

50 Real
Problems




Key Success to Vibration implementation

Planning
De‘réc’rion T
Symp'roﬁw Analysis Root Cause Analysis
Cort:ec’rion Correction
M No M No
Feedback Feedback
Yes Yes




Remembers

Thank you for your join our training course.

Hope you all can help improvement your plant's
productivity in the near future to make your plant

more profitability.

please remember that its 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
fo fast and deep analysis of machine health.
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