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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document defines the procedures to be considered when carrying out vibration diagnostics of
fans and blowers. It is intended to be used by vibration practitioners, engineers and technicians and
it provides them with useful diagnostic tools. These tools include the use of diagnostic flow charts,
process tables and fault tables. The material contained in this document presents the most basic, logical
and intelligent steps that should be taken when diagnosing problems associated with these particular
types of machines.

The ISO 7919 (rotating shafts), ISO 10816 (non-rotating parts) and ISO 20816 (both rotating shafts and
non-rotating parts) series of International Standards contain acceptable vibration values and zones for
varjous types and sizes of machines, ranging from new and well-running machines to mdchines that are
in danger of failing.

ISO

typ
on-

13373-1 presents the basic procedures for vibration narrow-band signal analysis. It includes the
bs of transducers used, their ranges and their recommended locations on various types of machines;
ine and periodic vibration monitoring systems; and potential machinery problems.

ISO
fred
ma
sign

13373-2 includes descriptions of the signal conditioning equipment that is required; time and
juency domain techniques; and the waveforms and signatures that represent the mo$t common
hinery operating phenomena or machinery faults that are encountered when performinjg vibration
ature analysis.

[SO[13373-3 provides some procedures to determine the.catses of vibration problems conpmon to all
typps of rotating machines. It includes systematic approaches to characterize vibration ¢ffects; the
diagnostic tools available; which tools are needed for particular applications; and recomrmpendations
on how the tools are to be applied to different machine types and components. However, thlis does not

preflude the use of other diagnostic techniques.

[SO[17359 indicates that diagnostics:

can be started as a succeeding activity after detection of an anomaly during monitoring} or

can be executed synchronously‘with monitoring from the beginning.

Thi

bee
too
pra
The
in
pra
cau

Thd

5 document considers onlythe former, in which diagnostics are performed after an ar
h detected. Moreover, it-fecuses mainly on the use of flow charts and process tables as
s, as well as fault tables;-since it is felt that these are the tools that are most appropriate
Ctitioners, engineers-and technicians in the field.

flow-chart and-diagnostic process table methodology presents a structured procedure fi

he field to diagnose a fault and find its cause. This step-by-step procedure aims at g
Ctitioner in\the vibration diagnostics of the machine anomaly, in order to reach the pr
e of this.ahomaly.

fatilt tables present a list of the most common faults in machinery, as well as their man

in t

hevibration data. When used with the flow charts, the tables assist with the ident

jomaly has
diagnostic
for use by

DI a person
uiding the
dbable root

ifestations
fication of

machinery faults.

When approaching a machinery problem that manifests itself as a high or erratic vibration signal, the
diagnosis of the problem should be performed in a well thought out, systematic manner. This document,
together with ISO 13373-3, achieves that purpose by providing to the analyst guidance on the selection
of the proper measuring tools, the analysis tools and their use, and the step-by-step recommended
procedures for the diagnosis of problems associated with various types of fans and blowers.
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Condition monitoring and diagnostics of machines —
Vibration condition monitoring —

Part 5:
Diagnostic techniques for fans and blowers
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Scope

5 document sets out the specific procedures to be considered when carrying ou
nostics of various types of fans and blowers.

5 document is intended to be used by condition monitoring practitioners, engineers and
provides a practical, step-by-step, vibration-based approach to faultdiagnosis. In additio
\ber of examples for a range of machine and component types and their associated fault {

approach given in this document is based on established good practice, put t
erienced users, although it is acknowledged that other appreaches can exist. Recommen
A particular diagnosis depend on individual circumstances, the degree of confidence 1
bnosis (e.g. has the same diagnosis been made correctly:before for this machine), the ex
practitioner, the fault type and severity as well as oi safety and commercial consider
her possible nor the aim of this document to reconimend actions for all circumstances.

Normative references

following documents are referred.to in the text in such a way that some or all of th
Ktitutes requirements of this docuiment. For dated references, only the edition cited 3
ated references, the latest edition/of the referenced document (including any amendmen

2041, Mechanical vibration,Sshock and condition monitoring — Vocabulary
13372, Condition monitoring and diagnostics of machines — Vocabulary

13373-1, Condition_monitoring and diagnostics of machines — Vibration condition mo
t 1: General proeedures

13373-2, €endition monitoring and diagnostics of machines — Vibration condition mo
F 2: Procéssing, analysis and presentation of vibration data

13378-3:2015, Condition monitoring and diagnostics of machines — Vibration condition md

vibration

echnicians
n, it gives a
ymptoms.

xgether by

ed actions
n the fault
perience of
htions. It is

Pir content
pplies. For
[s) applies.

hitoring —

hitoring —

nitoring —

t 8-(uidelines for vibration diagnosis

ISO

3

21940-2, Mechanical vibration — Rotor balancing — Part 2: Vocabulary

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2041, ISO 13372 and

ISO

21940-2 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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4 Measurements

4.1 Vibration measurements

Vibration measurements may be obtained using two main categories of transducers:

— non-contacting, e.g. inductive, capacitive and eddy current probes used on rotating shafts; and

— seismic transducers, e.g. accelerometers or velocity transducers used on non-rotating parts, such as

bearin

g housings.

International Standards are available to help assess the vibration severity for the described type

measurem

Descriptio
[SO 13373

4.2 Mac

Machine o
fan orient
and tempe
therefore i
parameter

5

An initial
should ide

Initial analysis

ent, in particular the ISO 7919, ISO 10816 and ISO 20816 series.

s of transducer and measurement systems as well as specification of techniques-are givel
1 and ISO 13373-2, which shall be considered for appropriate selection.

hine operational parameter measurements

erational parameter measurements are operational parameters, é:g. Totational speed, |
tion (vertical or horizontal), mounting configuration (solid or fléxible support arrangem
ratures, that can have an influence on the machine vibration characteristics and
mportant to acquire in order to arrive at an appropriate diagnosis. For a given machine, th
5 can be associated with a range of steady-state and trarsient operating conditions.

hnalysis shall be performed in accordance with ISO 13373-3:2015, Annex A. This anal
htify safety concerns, the presence of high vibration and, if so, its vibration severity, |

s of

nin

bad,
Ent)
are
ese

/Sis
past

history, effects of operating parameters, consequences of not taking corrective actions and the need

for a fan s}
machines,
ISO 13373

6 Specific analysis of fans and blowers

This docun
Symptoms
are given |

hydrodynamic bearing‘er-rolling element bearing problems, which are addressed in ISO 13373-3:2

Annexes C

hutdown. Other factors such as mounting configuration, position relative to other rota
building structure, environment, et¢-should be considered during an initial analysis. See
3:2015, Annexes B to D, for common faults such as from installation and bearing defects,

hent covers vibratipnidiagnosis information for the most common types of fans and blow
of the most prevalent fan and blower defects that cause excessive vibration magnity
n Annex A, which shall be used. This annex does not cover fan or blower vibration f

and D, respectively.

The systen

in Annex B. 7 Examples of the use of the fault table and methodology of Vlbratlon dlagn051s of fans and

hatic procedure used in the [SO 13373 series includes usage of fault tables and a step- by-s

[ing
hlso

ers.
des
fom
D15,

tep
ans

blowers are given in Annex C.

ented

Different designs of fans are presented in ISO 14694 and ISO 14695, as well as VDI 3839 Part 4. These
include coupling driven fans and belt driven fans. In addition, overhung and centrally-hung fans are

described.

The user is advised to consult these standards for various fan designs.
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Systematic approach to vibration analysis of fans and blowers

Eault table

Thd
Thd
ISO

TOTIICT T e

systematic approach to vibration analysis of fans and blowers is given by the fault table i
fault table includes mainly installation faults. For faults regarding fan or blower be
13373-3:2015, Annexes C and D. Several faults can give similar indications and firther in

would be necessary to distinguish between them.

Table A.1 — Fault table for fans and blowers

n Table A.1.
hrings, see
vestigation

cled

\rance

harmonics in rolling element

Fault Vibration characteristics Other descriptors Commient

Shdft misalign- 1x, or 1x and 2x, sometimes |Directional force 180> phase There are two ftypes of

meht/ concentricity |1x and 2x and 3x. shift across coupling. Offset misalignment:|parallel

errprs misalignmenttends to produce |and angular, apd in most
phase shift across the coupling |cases there would be a
in the radial*direction, while combination of the two.
angular misalignment tends to
produce the phase shift in the
axial'direction.

Lodseness Usually a series of peaks at - (/Looseness can be at bearings or |Looseness can|be at the
rotational speed and integer® |skid, or anchor bolts. Check for |bearing housirg (some-
harmonics of rotational difference in amplitude and/ |times due to tHe bearing
speed, generally the dmapli- |or phase at the interface to dis- |installation), apd/or at
tude of these peaks.idecreas- |cern position of looseness. the pedestal oy the skid.
ing with higher harmonic
numbers.

Exdessive bearing |1x. With lowamplitude Directional. Can be due to Wear, in

both fluid film

and rolling

with 1x and mn]fip]n har

beanings. element bearings.
Pipjng strain 1x Directional, wave clipping in Piping flanges should
time waveform. match without]jacking.
Soff foot 1x, plus 2x line frequency in |Soft foot test. Soft foot is the|condition
the electric motor that exists when all feet
are not correcily sup-
porting the mgchine.
Shqftrubbing Clipping in time waveform, Not commonly|observed

onfans

monics in spectrum. Light
rubbing can cause rotating
vectors (spiral vibration).

NOTE ODS stands for operational deflection shape.

© IS0 2020 - All rights reserved
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ifests itself at slow roll speed.

Table A.1 (continued)
Fault Vibration characteristics Other descriptors Comment

Unbalance 1x Phase shift across coupling de- |Unbalance is often due
pends on the mode. Cylindrical |to erosion, or deposits
modes tend to have 0° phase on blades. Overhung fans
shift across the coupling, while |may require a couple bal-
conical modes tend to have ance, while centre-hung
180° phase shift. fans can generally be bal-
Usually, 90° phase shift anced in a single-plane.
between the horizontal and
vertical measurements at the
same bearing location.

Bent shaft 1x similar to unbalance, man- | Can cancel with unbalance at |Rarely seen on'fans.

particular rotational speeds.

Casing distprtion

1x, sometimes 2x.

180° phase shift from end to
end.

Only important where
bearings are integral
with.the casings.

Resonance

High vibration at a particular
frequency.

Resonance testing indicates
natural frequency.

Avoid operating close fo
a resonant frequency 4.g.
by changing speed, or py
changing resonant fre
quency, e.g. by stiffenipg
machine or adding mass.
Sometimes damping can
be needed.

Tilting foundation

High 1x vibration levels that
cannot be explained by un-
balance, misalignment, bent
shaft or eccentricity.

Rocking motien in 1x ODS.

ODS study to analyse
problem in more dept}.

Aerodynanpic forces

Blade passing frequency.

Can have high noise.

Usually caused when
fan is operating off besg
efficiency point.

(i

Belt faults

Belt Passing frequency:

Less than 1x.

Typically due to belt
wear, misalignment and/
or incorrect tension.

Belt resonalnce Belt resonanee frequency. Usually less than 1x. Usually due to lack of helt
tension.

Excessive Helt 1x Directional. Similar symptoms to

tension misalignment

Belt pulley Usually directional 1x, some- |Sometimes visually observed

eccentricity times 1x and 2x. as wobbly motion.

NOTE ODS $tandsfor operational deflection shape.

4 © IS0 2020 - All rights reserved
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A.2 Descriptions of tests related to Table A.2

A.2.1 Soft foot test

Loosen holding down bolts one at a time, checking for gaps opening up under the base and measuring
with a feeler gauge if appropriate. Retighten the loose bolt before loosening another bolt. If one or more
feet show a gap, it implies that the machine casing has been distorted when tightened down. Filling the
gap with the appropriate thickness of shims and then re-tightening is a typical route to correcting this
pro

Megsure amplitudes and phase angles at several points to find the operation deflection sh

A.3 Descriptions of faults related to Table A.2

A3
Thi

blem.

.3 ODS Test

em. Investigate the possible causes for high mobility or highiflexibility of the system.

.1 Excessive bearing clearance

5 refers to several possible situations.

Journal bearing, where the clearance between the shaft and the bearing is too large (oil
Rolling element bearing, where the'Bearing race is loose in the bearing housing.

Rolling element bearing, whete the clearances between the rolling elements and the 1
large, e.g. the wrong specification of bearing was selected, or serious wear has occurred {
and rolling elements.

he bearing
own bolts,

ort frame holding down bolts and skid holding down bolts, looking for the place where trllt;: vibration
magnitude and/or phase are significantly different at the two sides of the intetface. This i
locgtion of the looseness.

icates the

hpes of the

pap).

aces is too
o theraces
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Annex B
(informative)

Methodology of vibration diagnosis of faults in fans and blowers

Fans and blowers are amongst the simplest machines. Most fans and blowers are driven either through

oware ara drivan hy 4 gaqarhoy
ey

a coupling
NOTE
The most g

a)

install

b) bearing faults,

c) unbald
d) aerody

The metho
diagnosis |
and forab

In many in
depicted b

the horizontal and vertical measurements at the_same bearing location confirms the unbald

condition.
blades isr
misalignm

In some m
the numbe

In belt driy
1x, and in
belt tensio

tension. Excessive belt¢ensSion, on the other hand, results in directional 1x vibration, and in this ¢

belt tensio

In some c4
as a misal

hearbox-related faults are to be covered by 1SO 13373-11.

rabhaolt wwhilct athaor fonc And h
rabelt-whilst otherfansand blowes iven-by-agearbe
ommon faults for fans and blowers can be categorized into four main types:

htion faults,

nce, and
namic forces.

dology shown in the flow chart of Figure B.1 guides thediser through the steps taken in
rocess. For an installation faults step-by-step methodelogy, see ISO 13373-3:2015, Ann¢g
paring faults step-by-step approach, see ISO 13373-3:2015, Annexes C and D.

Hustries, particularly the cement industry, fans require frequent balancing. Fan unbalan
 high 1x radial vibration and 0° phase acrossithe coupling. Usually, 90° phase shift betw

Sometimes 1x axial vibration appears~in overhung fans due to unbalance. Cleaning
ecommended before balancing. Users should eliminate all other sources of 1x vibration,
bnt, looseness, bearing clearance, béfore attempting to balance fans and blowers.

ichines, a high vibration component at the blade passing frequency (nx vibration, where

ren fans (see Figure B.2), particular faults occur. Belt faults appear at frequencies less t
his case, the belt'should be replaced. Belt tension problems can have adverse effects. A
h can cause a belttresonance, usually below 1x, and may be corrected by increasing the

N may beeorrected to resolve the problem.

ses, with belt driven machines, sheave problems occur. Usually, sheave problems apj
gnment, and either 1x or 1x and 2x vibration appear in the spectrum. If possible, vi

the
X B,

eis
een
nce
fan

e.g.

nis

I of blades) occurs. This is.gsually due to aerodynamic forces and is usually attributed tp an
incorrect alir damper positioning. This/can be corrected by using a suitable damper angle.
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belt
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can confirm sheave problems
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Figure B.1 — Flow chart for the diagnosis of faults in fans and blowers
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Figure B.2 — Flow chart for the diagnosis of faults in fans and blowers with belt drive
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Annex C
(informative)

Examples of vibration problems in fans and blowers

Examnle aof snectral analusis
FH-dHHYSIS

IO I pPIC-UTOPpPeer

b, The motor was torn apart several times, but no cause was found for this problem.

nal bearings. A survey of the blower and the gearbox:showed a high axial component
'box and blower bearings at the speed of the blower.
Y
400 |
- 1\
300 |
200 |
100 |
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main air blower in a sulphur plant had been experiencing frequent motor bearing, failure for the
two years. The 600 kW AC motor operating at 1 500 r/min was mounted on tw@-tollihg element
beatings. The axial load was taken on the non-drive end angular contact bearing, While th

b drive end

ing was the one experiencing the frequent failures. Most failures were in\the form of|a shearing

n investigating this machine, the bearing failure rate was at a rate of/once every two to tHree weeks.
ctral measurement on the machine confirmed that the motor hadyho malfunction, byt the axial
ation was relatively high at the speed of the blower. Figure C.k shows the spectrum of the motor
re end bearing with high vibration at the speed of the blower-The motor was driving through a
ible coupling and a speed increaser gearbox mounted on jaurnal bearings. The gearbox Was driving
blower at 4 000 r/min through a flexible coupling. The blower was overhung and mounjted on two

ht both the

Key
X
Y
1

frequency in Hz
axial vibration velocity in pm/s
high blower speed component

Figure C.1 — Motor drive end spectrum

Figure C.2 shows a typical spectrum from this blower gearbox. The gearbox showed a high gear mesh
frequency of 1 966 Hz and a high twice gear mesh frequency. There is a pronounced series of peaks
centred around 2 365 Hz, with sidebands. These have been interpreted as indicating some form of

© IS0 2020 - All rights reserved
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impact, triggering a natural frequency at 2 365 Hz. The highest vibration values were at the vertical and
axial directions of the blower bearings with an RMS reading of 5,2 mm/s.

Y

1,4

1,2 -

1 —

0,8 -

0,6 -

0,4

0,2

MLA‘JAA. WA AUA AAA}L“‘ l“LMHLJ““LLAMMA
0
0 1000 2000 3000 4000 X
Key
X  frequer|cy in Hz
Y axial RMS vibration velocity in mm/s
Figure C.2 — Gearbox spectrum

The diagngsis of this sensitive machine was as follows: the.blower is experiencing a couple unbaldnce
producing [an axial force that is creating an impact-0on the gearbox and deteriorating the gear
meshing. This axial force is then transmitted to theelectric motor causing the bearing failure. [The
recommenfation was to inspect the gearbox, correct any problems and balance the blower.
The gearbgx was dismantled; the drive end joGrnal bearing on the gearbox was completely destroyed.

The axial thrust collar on the gearbox and on the blower bearings showed clear signs of impact.

The

blower bedqrings showed excessive clearance and rubbing on the rotor and bearings.
The gearbgx was replaced, the blower/bearings and shaft were replaced, and the motor bearings were
replaced. The machine showed reduced overall vibration, but balancing was still recommended. [The

vibration V
this sensit
reduced to

Thiscases
problems s

Figure B.1
deteriorati

ectors showed theneed for a couple correction weight. A trial mass of 10 g was used V
ve machine. The-final trim balance weight was 3 g. The highest RMS vibration value
1,2 mm/s. Nodanotor bearing failures have been reported since.

fudy illustrates the need to clearly identify the cause of vibration from spectral analysis. Th
hould be\corrected before attempting to balance the machine. The diagnostic procedur

vith
vas

ese
e in

was followed. No bearing frequencies were identified; however, spectral analysis indic:

ted
to
nd

on- of the gearbox, and a clear 1x indicated unbalance in the blower. 1x axial vibration d
unbalance W@mwwwmwimwmi

its presence at the blower speed on the motor drive end was key to the diagnosis of this machine train.

C.2 Example of balancing and ODS analysis

A cement factory had a kiln fan that was experiencing high vibration. The fan had been installed for
12 years, during which time it had experienced one catastrophic failure and a major design modification
to overcome its problems. In recent years, the fan had been experiencing high vibration resulting in the
need to reduce its speed to reduce the vibration. This adversely affected the production output.

On inspection of the machine, it was found to be a huge 10,5 t overhung fan on rolling element bearings
with an impeller of a diameter over 5 m and driven by a 1 600 KW DC motor. The maximum fan speed
was 490 r/min. Production required the machine to be operating at 95 % of its maximum speed, but,
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because of the high vibration, the machine was operating at 82 % of its maximum speed only. The 4 m
high foundation showed visible cracks. Vibration measurements on the non-drive end bearing were
290 mm/s, mainly at 1x.

Applying the diagnostic procedure of Figure B.1, no bearing faults were found. Clearly the machine
foundation required attention; however, due to production requirements, it was determined to balance
the machine. This is unusual, and it was therefore recommended that other problems be resolved before
balancing, but in this case the plant had requested a temporary solution, pending the resolution of the
problem of the skid and foundation.

Before balancing, it was requested to clean the fan blades, by which the vibration values were reduced

to 50 mm/s. A run-up test was performed to try to determine if any resonance conditionsecfurred and
to mitigate any undesirable effects from the skid and foundation. Table C.1 illustrates the yepults of the
runfrup test.
Table C.1 — Run-up test on kiln fan
Speed Drive end bearing Non-drive end bearing
r/min RMS magnitude Phase RMS magnitude Phgse
mm/s o mni/s o
284 6,74 -160 72,27 -1%9
309 3,36 -149 5,67 -144
355 3,52 173 2,72 172
380 3,74 162 5,2 155
415 3,73 140 10,9 135
425 5,8 126 16,5 125
440 10,6 112 31,8 111
From Table C.1, it is clear that the machine‘is’approaching resonance as its speed increases. A computer

modlel was developed and it was determiined that resonance occurs at the maximum sg
mag¢hine. The mode shape is shown in Figure C.3. Yet, it was decided to balance the machine.
of the results of the run-up test showed that the machine exhibits vibration that is in ph
beafings at nearly all speeds, even though it exhibits a conical mode at resonance.

eed of the
Inspection
hse at both
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Figure C.3 — Mode shape of the fan
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It was decided that the machine only needed static balancing because of the in-phase measurement. A
trial mass of 2 kg barely made the machine respond but was used to obtain the balance sensitivity. The
machine was finally balanced by a 6,1 kg correction mass, as shown in Figure C.4, after removal of the
trial mass. The vibration was reduced to 2,7 mm/s and has been performing satisfactorily since then.
With the balanced rotor, production can achieve maximum throughput with no excessive fan vibration.
Figure C.5 shows the vibration spectra before and after balancing.

Key
b1,b2 corfection masses
T trial mass

Figure C.4 — Static balancing’of the fan
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