MACHINERY FAULT DIAGNOSIS dh PRUFTECHNIK

Unbalance Misalignment Belt Drive Resonance Journal Bearings Electrical Motors

Unbalance is the condition when the geometric centerline of a rotation axis doesn’t coincide with the mass Misalignment is the condition when the geometric centerline of two coupled shafts are not co-linear along Rotating looseness occur by an excessive clearance between rotor and bearing. Resonance is a condition caused when forcing frequency coincides with (or is close to) the natural frequency Journal bearings provide a very low friction surface to support and guide a rotor through a cylinder that ELECTROMAGNETIC FORCES VIBRATIONS
centerline. the rotation axis of both shafts at operating condition. A 1X and 2X vibration signal predominant in the axial Belt transmission a common of the machine’s structure. The result will be a high vibration. surrounds the shaft and is filled with a lubricant preventing metal to metal contact.

direction is generally the indicator of a misalighment between two coupled shafts. drive system in industry
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f [cpm] and 180° phase difference will confirm this ; * Resonance can be confused with other common
problem. problems in machinery.
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® Resonance requires some additional tests to be ‘ STATOR ECCE NTR'CITY

diagnosed. | Clearance problems (rotating mechanical looseness)
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¢ Shorted stator laminations
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The geometric center doesn’t coincide with i Phase jump at 180°
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spectrum. Easy to confuse with unbalance, but:

2 f, generally dominates the spectrum. * Measurement phase in vertical an horizontal directions
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Pulley Misalignment ®1=60...80°

1X of driver or driven pulley visible and Belt Resonance Lifetime exceeded. Bearing overload Incorrect assembly. Manufacturing error Insufficient lubrication. e 1X and 2X signals
operation, the rotor will turn so the unbalance mass is at the pufley » f_ without sidebands

e ) . ; dominant in the axial reading. . : os . .
Static unbalance is caused by an unbalance lowest position. The static unbalance produces a vibration Angul isali X h he shaft i incid int al h X d axis of Radial predominant in the axial reading If the belt natural frequency coincides with . R:'ad|al predgmmant '
mass out of the gravity centerline. signal at 1X, radial predominant and on phase signals in both ngular misalignment is seen w en. the S, a .cent.er ines coincide at one point a o.ng the PrOJecte _aXIS ° N & either the driver or driven 1X, this frequency vl =118.1Inch/s algl , ¢ High resolution should be used when analyzing two
shaft extremes. both shafts. The spectrum shows high axial vibration at 1X plus some 2X and 3X with 180° phase difference ; may be visible in the spectrum. @1 = 240° g N poles machines

across the coupling in the axial direction. These signals may be also visible in the radial direction at a lower ' y A n i
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MOMENT UNBALANCE ’ o O Se— e b ] step-up dependent on the excitation : l f [cpm]
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PARALLEL MISALIGNMENT f [cpm]

A blade or vane generate a signal frequency Example:
called blade pass frequency f, . =sf 3 struts in the intake; x =3 % ;

Identify and trend fBPF, an increase and harmonics i.b;:jiséns.: -9x RUN UP OR COAST DOWN TEST % m WMMJ d ‘M ECCE NTRIC ROTOR
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The static unbalance is seen when the machine is not in

Series of spectra at different vibration signals The vibration spectrum has a higher ‘noise’ level and bearing characteristic frequencies can be

tracking may reveal a resonance. identified. Increased level of shock pulses. o = ‘ F * Poor base
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The use of tachometer is optional and the 5
data collector must support this kind of test. : : I I

Moment unbalance may be statically balanced. When rotating ) - ‘ § : RACE DAMAGE PM PM
dynamic unbalance produces a vibration signal at 1X, radial 0 m s  saw o o0 ;oo sio  sen oo 1200 Rotating looseness occur by an excessive clearance between rotor and bearing. .

Moment unbalance is caused by two predominant and in opposite phase signals in both shaft f [cpm]
identical unbalance masses located at 180° extremes.
in the transverse area of the shaft. O . St 12000 [cpm)
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1 - Outer race damage

@, 2 —Inner race damage

’ 3 —Rolling element damage

RESONANCE DIAGNOSING TESTS

Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating parts. e ‘ y 4 — Cage damage

slippage

DYNAMIC UNBALANCE Journal bearing IR

Bump Test

DIN ISO 10816-3 Group 1 Group 2 Radial S[mi”j’”]l | [ ] ] ] [ ] — o 2f, Radial
Large machines Medium sized machines : . : Outer race damage . l

402.1 hp <P < 67051 hp| 20.1 hp < P <402.1 hp - Rotation Rotation , |8 1BPFO 2.. 3.. 4BPFO
Motor Motor o frequency 1X frequency 1X . /

H> 12.4inch 6.3in<H < 12.4inch and harmonics harmonics and

subharmonics v[inch/s] A O - LKL‘JL J‘"
Foundation flexible rigid flexible rigid /\ X s[inch] o) angle of contact T s
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Machine type
Excitation — force pulse Response — component vibration

pitch diameter
rolling element diameter

o ‘ 4 - Velocity V4 044 ” , AN ERN number of rolling elements Outer race damage | ) . T
Parallel misalignment is produced when the centerlines are parallel but offset. The spectrum shows high inch/s rms : s Decaying function frequency BPFO as well = E . e f, 1X, 2X and 2f, signals * Modulation of the vibration time
shaft RPM e 1X and 2f with sidebands at f, signal with the slip frequency fshp

radial vibration at 2X and a lower 1X with 180° phase difference across the coupling in the radial direction. 0.28 1 o r aemmT as harmonics clearly
These signals may be also visible in the axial direction in a lower amplitude and 180° phase difference across 600- 60,000 cpm ’ visible ¢ Radial predominant *T,, 255
the coupling in the axial direction. r>600rpm  0.18 Shock component, Frequency response, vertical Frequency response, Inner race damage ¢ High resolution needed

. . . natural vibration, vertical horizontal a
In practice, dynamic unbalanc.e is the most common form of 0.1 e : : Ball Pass Frequency, Outer Race w[g‘]fSi—dWWr'
unbalance found. When rotating the dynamic unbalance 120-60,000 cpm E ; " ‘ i = = Wi WH W W

Dynamic unbalance is static and moment ~ produces a vibration signal at 1X, radial predominant and the 120<r<600rpm 0.07

unbalance at the same time. phase will depend on the mass distribution along the axis. ALIGNMENT TOLERANCE TABLE 0.04

BPFO= —Z(1-Y o5 q) z||  1BPFI 2.. 3.. 4BPFI
60-2 D =

ROTOR PROBLEMS

0.03 icci i i ini _ i . Natural frequency, vertical Natural frequency, horizontal
Permissible overall vibration values v in inch/s (rms) — according to 1SO 20816-8 quency, quency Ball Pass Frequency, Inner Race Inner race damage frequency
Frame Cylinder (lateral)| Cylinder (rod) | *Small bore BPFI as well as numerous
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[Inches] @ ?c?r\;]vrl%issioned E ‘Lé%estg;%ed \FéJer?gt;rltcé[rerﬁ . leatt)Jrsairtmgn P (top) horts: %] Yert. horiz. | "Wert. | piping; dampeérs BPFI = r:)722(1 +9cos a) sidebands at intervals of 1X.
machines operation operation damage 157 '
acceptable excellent Vibration  '# i
velocity ~ °” Ball Spin Frequency Rolling element damage

0.0074 0.0035 . : : sidebands in 1. Rotor thermal bow

0.39

] 0.0035 0.0023 in inch s : ; 2-85F=22_(1-[dcosap) ! intervals of FTE
Cmny : R I 1x

Short "flexible" couplings

DOCUMENTATION OF BALANCING
Offset =
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0.0023 0.0011 (rms) . algl
0.0011 0.0007 o Fundamental Train Frequency =

0.08 66
N1 _d cos a) * Unbalanced rotor bar current

60 -2 D f I * Unbalance rotor conditions

Before ! Angularity N 0.0051 0.0035 fouk . . IR i « Observable aft ion ti
. (gap difference at :] 0.0027 0.0019 & e DIN ISO 13373-3:2015 Large Bearings Small bearings Rolling elements rollover o WV AT i ! . servable after some operation time

v [Inch/s] - ‘ 8
: : 0 Copyright 2018 P : FTF =

: frequency BSF with harmonics
coupling edge per 0.0015 0.0011 30.5 N o
3.9 Inch di t ) A as well as sidebands in intervals

02 04 0% 08 1 12 14| .2 INCches dlameter _—— H of FTF.

Valid for reciprocating compressors on rigid foundations in the speed range 120 — 1800 rpm OP[g] Exampl? of rollover frequencies

Frequency range for movable components: 120 - 60,000 Hz; for stationary components: 600 — 12,000 cpm. Ball bearing SKF 6211; n = 2998 RPM

Spacer shafts There are two basic moving fluid problems PM PM *Note: Refer to the description of the DIN ISO 10816-8 before using the table. 10.2 Cage damage
. . diagnosed with vibration analysis: :
and membrane (disk) couplings 0.0098

0.0011 0.0007

a[g] FTFand 2nd, 3rd, 4th
harmonics

e Turbulence

- e Cavitation ( T | - f [cpm]
Spes : Offset S 0.0047 =t " N . &7 N\ -l
T . I 0.0027 || ) Dimensions Rollover frequencies
’ (per 3.9 Inches . ) -
spacer length) 0.0011 / D =3.05 Inch BPFO =n /60 - 4,0781 = 12240 cpm * 4 = n
5 =WIVMWA a A ) . Broken or cracked rotor bars

d =0.56 Inch BPFI=n/60- 5,922 = 17640 cpm I ion f
z=10 2BSF=n /605239 = 15840 cpm age rotation frequency
a=0° FTF=n/ 60 - 0,4079 = 1200 cpm FTF and harmonics visible
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Frequency spectra before/after balancing, and balancing diagram.

Angularity

3y
[mrad] ‘_,/r . _
{ - - Assessment of vibrations in piping systems according
WHERE IS TO BE MEASURED? ) ) Turbulence X Cavitation to VDI 3842 ;f&u:nn;é;ange for 0. L€ - 9! * 1X and harmonics with sidebands at f,

It ! AT os ¢ High resolution spectrum needed
Soft foot any . : 7.87 acceleration LU BRICATION PROBLEMS e Possible beating signal

The measurement locations with the highest 1X vibration level are dependent on the rotor structure and the ! " measurements is

location of the unbalance. 3.93 600cpm - 600000cpm 0.1

0.03 0.1 . 1.0 10.2 Major fluctuation in level of
RMS[g] shock pulses and damage Large temperature

The suggested alignment tolerances shown above are general values based upon experience and should not - ” Inches/s
be exceeded. They are to be used only if existing in-house standards or the manufacturer of the machine or ! ‘ Random RMS

) frequencies § §§ increase after lubrication
coupling prescribe no other values. : Bearing in good E Bearing condition is to Bad bearing // \\
1 i L ik | B T condition be concidered condition _
: temperature increase | I f [cpm]

% . Loose rotor bar

* Race damage e Insufficient lubricant ¢ Maintenance error
¢ Defective sealing ¢ Underrating ¢ Defective grease regulator

Shaft Bend i ng . T ¢ Contaminated lubricant used ¢ Grease nipple blocked

60 600 Frequency cpm 6000 18000 of and2f with 2f sidebands
Fan Categories and Vibration Limits I oanger [] correction [l Marginal B Design DIN ISO 10816-7 | Category 1 Category 2 « 2f_can be higher

according to I1ISO 14694 ’ ; Rotodynamic pumps Rotodynamic pumps r < 600 rpm ¢ 1X and 2X can appear

with high reliability, for general or less

A shaft bending is produced either by an axial asymmgtry | Pump type availability or critical applications. 0.5 rpm BEARING RINGS DEFORMED
of the shaft or by external forces on the shaft producing . security requirements 1 .O
. .0 rpm

the deformation.
A bent shaft causes axial opposed forces on the bearings 2.0 rpm e Incorrect installation Bearing forces on floating bearing
identified in the vibration spectrum as 1X in the axial Power <200 kW |> 200 kW <200 kW |> 200 kW i ; )
X ) R X . ¢ Wrong bearing storage e Incorrect installation
vibration. 2X and radial readings can also be visible. ) ; .
¢ Shaft manufacturing error ¢ Wrong housing calculation

. N . i ¢ Bearing housi torqued e Manufacturi in bearing housi
Permissible evaluation velocity in inch/s — according to VDI 3834 Velocity Ve 03 0.37 earing housing overtorque anulacturing error in bearing housing

Frequency range 600 - 60,000 CPM 600 - 60,000 CPM 600 - 60,000 CPM < 6-600CPM
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Vibration velocity

. Loose connections

0.26 0.33

Displacement

600-60,000 cpm Severe
r>600rpmp 0.2 0.24 vibration

1X 2X
v[InchM/ns] | | 0 Bearing

I Yoo nct — 0.16 0.2 temperature '
120-60,000 cpm ixed beari increases l 1 * 2f excessive signal with sidebands at 1/3 f,
315 Fixed bearing o Electrical phase problem

r<600rpm 0.14 0.17
. e Correction must be done immediately
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rigid | flex. . .| rigid | flex. | rigid | flex. | rigid | flex. | rigid | flex. Main bearing Gearbox Generator Nacelle/Tower . . . Floating bearing
inch/s inch/s mil ) frequencies |

P<402.1hp| P<20.1hp| P> 20.1hp| P<49.5hp | P>49.5hp | P<100.5hp| P >100.5 hp < & . .
& N v 4~ rms A rms | . envelope Cocked bearing

Industrial, Component i A ©Copyright PRUFTECHNIK AG

Power Generator Transportation, Marine Petrochemical Transit, Tunnel b\ L o . Unrestricted Restricted Vibration Incorrect installation R
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. Very good condition . Good condition D Limited condition/alarm . Critical condition/shutdown
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