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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is g
rights. ISO s

ISO 14694 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting.\Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 117, Industriakfans.
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Introduction

ISO 14694 is a part of a series of standards covering important aspects of fans which affect
manufacture and use. This series includes ISO 5801, I1SO 5802, ISO 12499, I1SO 13347,
ISO 13349, ISO 13350, ISO 13351, ISO 14695 and CEN/BTS 2/AH 17.

indication of how well the fan has been designed and constructed and can forewarn -of possibl
problems. These problems may be associated with inadequacies of suppert*structures 4
deterjoration, etc.

Although alternative standards exist which deal with vibration of machines: generally (e.g. ISO
currently have limitations because of their universal nature, when considering a specific family
suchlas fans, with installed powers below 300 kW.

Vibration measurements may therefore be required for a variety.of reasons of which the following
impoftant:

a) design/development evaluations;

b) ip situ testing;

c) as information for a condition-monitoring.or machinery health programme (ISO 14695:20
ives recommended measuring positions for machinery health measurement);

d) inform the designer of supporting structures, foundations, ducting systems, etc., of
ibration which will be transmitted by the fan into the structure;

e) as a quality assessment at the final inspection stage.

NOTE All the informatioh,which can be obtained from tests conducted in accordance with this Internat

(see Clause 10 of ISO 14695:2003) is neither necessary nor appropriate for quality-grading purposes.

Whilgt an open inlet/fepen outlet test may be useful as a quality guide, this International Standar
that the vibratien/of a fan will be dependent upon the aerodynamic duty specified, which de
rotatipnal speed’/and position on the fan.

This Internatlonal Standard should be read in conjunctlon with 1ISO 10816 1, 1ISO 10816 3 an

their design,
ISO 13348,

ipment for a
and vibration

5. It gives an
b operational
nd machine

10816), they
of machines

are the most

03, Annex C

the residual

onal Standard

d recognizes
termines the

i 1ISO 14695

b required on

V|brat|on transmltted to ductlng connectlons or foundatlons then thls is espemally |mportant The gradings

included are such as are generally recommended for commercially available fans.

It is important to remember that vibration testing can be extremely expensive, sometimes considerably in
excess of the fan’s initial cost. Only when the functioning of the installation may be affected should discrete

frequency or band limitations be imposed. The number of test points should also be limited acc

ording to the

usage envisaged. Readings at the fan bearings are of most importance and for normal quality gradings should

be sufficient.

© 1SO 2003 — Al rights reserved
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INTERNATIONAL STANDARD

ISO 14694:2003(E)

Industrial fans — Specifications for balance quality and
vibration levels

The |International Standard recognizes that vibrational measurements may be recorded
acceleration or displacement either in absolute units orCin decibels above a given refereng
magnitude of vibration measurements may be affected\by assembly practices at balancing m
Annex B). The preferred parameter is, however, the* velocity, in millimeters per second (m
conventions vary in different parts of the world, bdth r.m.s. (root mean square) and peak-to-f
valugs are given. It should also be remembered-that a fan and its parts may be considered as a
systegm. An understanding of this fact helps to resolve most vibrational problems (see Annex D).

Accolnt has also been taken of the factthat factory tests are usually conducted with the fan uncq
ducting system, such that its aerodynamic duty may be considerably different from that d
operation. It may also be supported.on temporary foundations of different mass and stiffness to t
situ.

“filterrout” and as such represent' a measure of overall vibration severity.
This

venti
appli
force
there

International Standard covers fan equipment with rigid rotors, generally found in: comme
ating and air~Conditioning, industrial processes, mine/tunnel ventilation and pow
Cations. Other applications are not specifically excluded. Excluded are installations which in
5, impacts.or-extreme temperatures. Any or all portions of this International Standard, or
pf, are subject to agreement between the parties concerned.

Fan-¢quipment foundations and installation practices are beyond the scope of this Internatior

applications
r, it is limited
dard electric
han this, the
powers both
facturer and
the majority

as velocity,
e level. The
bchines (see
m/s). As the
eak or peak
spring-mass

nnected to a
uring normal
hose used in

Accordingly, such tests .are) specified with vibration measured “filter-in”. In situ tests are specified

rcial heating,
br-generation
volve severe
Mmodifications

al Standard.

Foundation design and fan installation are not normally the responsibilities of the fan manufactd

rer. It is fully

expected that the foundations upon which the fan is mounted will provide the support and stabili
to meet the vibration criteria of the fan as it is delivered from the factory.

Other factors, such as impeller cleanliness, aerodynamic conditions, background vibration,

ty necessary

operation at

speeds other than those agreed upon, and maintenance of the fan, affect the fan-vibration levels but are

beyond the scope of this International Standard.

This International Standard is intended to cover only the balance or vibration of the fan and does
account the effect of fan vibration on personnel, equipment or processes.

© 1SO 2003 — Al rights reserved
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 254, Belt drives — Pulleys — Quality, finish and balance

ISO 1940-1:1986, Mechanical vibration — Balance quality requirements of rigid rotors — Part1:
Determination of permissible residual unbalance

ISO 1940-1:]

and verificati
ISO 4863:19
ISO 5348:19
ISO 5801:19

1ISO 7919-1,
evaluation cr

ISO 10816-3
parts — Part
and 15 000 n
1ISO 13348:—

ISO 14695:2

3 Terms

For the purpgses of this document, the following terms and definitions apply.

3.1
vibration se
generic term

1), Mechanical vibration — Balance quality requirements of rigid rotors — Part 1. Specifi
bn of balance tolerances

B4, Resilient shaft couplings — Information to be supplied by users and manufacturers
D8, Mechanical vibration and shock — Mechanical mounting of accelerometers
D7, Industrial Fans — Performance testing using standardized airways

Mechanical vibration of non-reciprocating machines — Measurements on rotating shaftq
teria — Part 1: General guidelines

1998, Mechanical vibration — Evaluation of machine vibratien by measurements on non-ro
3: Industrial machines with nominal power above 15 kW arnd nominal speeds between 120
'min when measured in situ

-2), Industrial fans — Specification of technical data and verification of performance

D03, Industrial fans — Method of measurement-of fan vibration

and definitions

verity

e vibration sgverity may refer to instantaneous values or to average values.

apted fromISO 2041:1990, definition 2.42.

NOTE1 TH
NOTE 2  Ad
3.2

axis of rotatjon

ation

and

fating
r/min

that designates a value, or set of values, such as a maximum value, average or r.m.s. valle, or
other paramgter that is descriptive of the vibration

instantaneou
NOTE 1

NOTE 2
rotation is not

NOTE 3

s line about which a body rotates

If the bearing are anisotropic, there is no stationary axis of rotation.

necessarily the shaft axis.

Adapted from ISO 1925:2001, definition 1.4.

1) To be published. (Revision of ISO 1940-1:1986)
2) To be published.

In the case of rigid bearings, the axis of rotation is the shaft axis, but if the bearings are not rigid, this axis of

© ISO 2003 — Al rights reserved
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3.3

balancing

procedure by which the mass distribution of a rotor is checked and, if necessary, adjusted to ensure that the
residual unbalance or the vibration of the journals and/or forces on the bearings at a frequency corresponding
to service speed are within specified limits

NOTE 1 Balancing of fan impellers is achieved by the process of adding (or removing) weight in a plane or planes on
the impeller in order to move the centre of gravity towards the axis of rotation. This will reduce the unbalance forces.

NOTE 2 Adapted from ISO 1925:2001, definition 4.1.

3.4
balafce quality grade

(rigid|rotors) measure for classification which is the product of the specific unbalance and the.ma)imum
servige angular velocity of the rotor, expressed in millimetres per second

NOTH 1 Commonly used grades in ISO 1940-1 refer to the vibration that would result if~{hat rotor operated in free
spacq i.e. balance grade 6,3 corresponds to a shaft vibration of 6,3 mm/s, peak velocity, \at the operating speed of the
rotor.

NOTE 2  Adapted from ISO 1925:2001, definition 3.16.

35
displacement

relative displacement
vectdr quantity that specifies the change of position of a body,.0r particle, with respect to a reference frame

NOTH 1 The reference frame is usually a set of axes at avméan position or a position of rest. In generpl, the velocity
can b represented by a rotation vector, a translation vector ;ar both.

NOTH 2 A displacement is designated as relative displacement if it is measured with respect to a referenge frame other
than the primary reference frame designated in the'given case. The relative displacement between two poin}s is the vector
differgnce between the displacements of the two peints.

NOTH 3 Adapted from ISO 2041:1990, definition 1.1.

3.6
displacement measurements
vibration values that describe\the motion of the rotating-shaft surface relative to the static bearing|housing

See SO 7919-1.
3.7

electrical runout
certa|n errors-which may be introduced into runout measurements when using non-contacting serjsors

NOTH 1 Such errors may arise from residual magnetism or electrical inhomogeneity in the measured|component or
other 'effects-which-affect-the—catibration-of the-sensor-

NOTE 2  This total measured variation in the apparent location of a ferrous-shaft surface during a complete slow
rotation is determined by an eddy-current probe system. This measurement may be affected by variations in the
electrical/magnetic properties of the shaft material as well as variations in the shaft surface itself.

NOTE 3 Adapted from ISO 1925:2001, definition 2.19.

3.8

fan application category

descriptive grouping used to describe fan applications, their appropriate Balance Quality Grades and
Recommended Vibration Levels

© 1SO 2003 — Al rights reserved 3
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3.9

fan vibration level
vibration amplitude at the fan bearings expressed in units of velocity or displacement

3.10
filter

device for separating oscillations on the basis of their frequency

NOTE 1
large attenuati

NOTE2 A

on to oscillations of other frequencies.

apted from ISO 2041-1990 definition B 14

It introduces relatively small attenuation to wave oscillations in one or more frequency bands and relatively

3.1
filter-In
sharp

vibration megsured only at a frequency of interest

3.12
filter-out
broad pass

vibration medgsured in a wide frequency range

NOTE TH
3.13
flexible sup
fan support
speed of the

NOTE Of
achieved by s
oscillation freg
lowest speed

3.14
foundation
structure tha

NOTE 1 It
supported sys

NOTE2  Fd

Fan foundations must have ‘sufficient mass and rigidity to avoid vibration amplification.

NOTE3  Ad

is is sometimes called “overall” vibration.

bort
system designed so that the first natural frequeney: of the support is well below the ope
fan

ten this involves compliant elastic elements between the fan and the supporting structure. This condi
ispending the machine on a spring or by mounting on an elastic support (springs, rubber, etc.). The 1
uency of the suspension and machine  is-typically less than 25 % of the frequency corresponding
f the machine under test.

supports a mechanical system

may be fixed in a specified reference frame or it may undergo a motion that provides excitation f]
em.

r fans, these.ate the components on which the fan is mounted and which provide the necessary sy

apted\from ISO 2041:1990, definition 1.23.

3.15

ating

fion is
atural
fo the

br the

pport.

frequency

cyclic frequency
the reciprocal of the fundamental period

NOTE 1
NOTE2 In

NOTE 3

3.16
in situ

The unit of frequency is the Hertz (Hz) which corresponds to one cycle per second.

the fan industry, it is also common to use the number of cycles occurring per minute (CPM).

Adapted from ISO 2041:1990, definition 2.24.

refers to operation at the final installation site

© ISO 2003 — Al rights reserved
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3.17

mechanical run-out

total actual variation in the location of a shaft surface during a complete slow rotation as determined by a
stationary measuring device (such as a dial indicator)

3.18
journal
that part of a rotor which is supported radially and/or guided by a bearing in which it rotates

NOTE Adapted from ISO 1925:2001, definition 2.4.

3.19
overLII fan vibration

See (lefinition 3.12

3.20
peak|value

peak| magnitude

posiﬂ}ve (negative) peak value

maxinum value of a vibration during a given interval

NOTH 1 A peak-value vibration is usually taken as the maximum deviation of that vibration from the mean value. A
positiye peak value is the maximum positive deviation and a negative peak value is the maximum negative deviation.

NOTB 2  Peak displacement, velocity or acceleration readings fefer to the value occurring at the maxifnum deviation
from zero or the stationary value (see Annex A).

NOTH 3 Adapted from ISO 2041:1990, definition 2.34.

3.21
peak+to-peak value (of a vibration)
(vibration) algebraic difference between therextreme values of the vibration

NOTH 1 In industrial practice, peak-to-peak amplitudes refer to the total range travelled in one cycle. | Peak-to-peak
readings apply to displacements only (see Annex A).

NOTHB 2  Adapted from ISO 204131990, definition 2.35.

3.22
rootimean-square value

r.m.g. value

(set of numbers)isquare root of the average of their squared values

NOTH 1 Ther.m.s. value of a set of numbers can be represented as follows:

/viz\wz
r.m.s.value = LL’; ! J
N

where the subscript 7 refers to the nth number, of which there are a total of N.

(single-valued function, f(f), over an interval between t; and f,) square root of the average of the squared
values of the function over the interval

NOTE2  The r.m.s. value of a single-valued function, f{7), over an interval between equal to ¢, and t, is equal to

© 1SO 2003 — Al rights reserved 5
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1/2

to 2
t)“dt
r.m.s.value = J.z1 /)
12 —14
NOTE 3  In vibration theory, the mean value of the vibration is equal to zero. In this case, the r.m.s. value is equal to

the standard d

NOTE 4

NOTE 5

eviation, and the mean-square value is equal to the variance (c?).

For true sinusoidal motion the r.m.s. value is equal to 0,707 times the peak value.

Adapted from ISO 2041:1990, definition A.37.

3.23

residual unk
final unbala
unbalance off

NOTE Ad
3.24
rigid suppor

fan support
speed of the

NOTE TH
machine-bear
evaluation of f
the foundation

measured at the adjacent bearing housing in any direction.

3.25

speed, design

maximum rog
operate

3.26

speed, service

rotational sp
or environmg

3.27
triaxial set

orientations ¢f the vibration‘transducer for vibration-amplitude measurements

NOTE A
vertical and ay

alance
hce
any kind that remains after balancing

apted from 1ISO 1925:2001, definition 3.10.

t
system designed so that the first natural frequency of the systemis well above the ope
fan

e rigidity of a foundation is a relative quantity. It must be considered in conjunction with the rigidity
ng system. The ratio of bearing-housing vibration to foundation\vibration is a characteristic quantity f
pundation flexibility influences. A foundation may be rigid and of sufficient mass if the vibration amplit
(in any direction) near the machine’s feet or base frame is\léss than 25 % of the maximum amplitude

tational speed, measured in revolutions per minute (r/min), for which the fan is design

bed, measured in revolutions’/per minute (r/min), for which a rotor operates in its final instal
nt

triaxial .sef\fefers to a set of three readings taken in three mutually perpendicular (normally horiz
ial) difeetions.

ating

of the
or the
ide of
hat is

ed to

ation

ontal,

3.28

trim balancing

correction of

NOTE 1

small residual unbalances in a rotor, often in situ

assembly and/or installation process.

NOTE 2

3.29
unbalance

Adapted from ISO 1925:2001, definition 4.27.

The balance process may make minor correction in unbalance which become necessary as a result of the fan

condition which exists in a rotor when vibration force or motion is imparted to its bearings as a result of
centrifugal forces

© ISO 2003 — Al rights reserved
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NOTE 1 The term unbalance is sometimes used as a synonym for amount of unbalance, or unbalance vector.
NOTE 2  The term imbalance is sometimes used in place of unbalance, but this is deprecated.

NOTE 3  Unbalance is usually measured by the product of the mass of the rotor times the distance between its centre
of gravity and its centre of rotation in a plane. In general practice unbalance values are reported as

— peak-to-peak displacement, in micrometres (um) or millimetres (mm);
— velocity — r.m.s. or peak, in millimetres per second (mm/s);

— acceleration —rm s or peak in metres per second squared (m/cz)

NOTE 4  Adapted from ISO 1925:2001, definition 3.1.

3.30
velogity

relative velocity

vectdr that specifies the time-derivative of displacement

NOTH 1 The reference frame is usually a set of axes at a mean position or a, pesition of rest. In generpl, the velocity
can b represented by a rotation vector, a translation vector, or both.

NOTH 2 A velocity is designated as relative velocity if it is measured-with respect to a reference frame|other than the
primary reference frame designated in a given case. The relative velocity between two points is the veftor difference
betwden the velocities of the two points.

NOTH 3 Adapted from ISO 2041:1990, definition 1.2.
3.31
vibration
variafion with time of the magnitude of a quantity’which is descriptive of the motion or position of & mechanical
systegm, when the magnitude is alternately greater and smaller than some average value or refergnce

NOTH 1 Vibration may be thought of as‘the alternating mechanical motion of an elastic system, compopents of which
are amplitude, frequency and phase. In ‘general practice, vibration values are reported as:

— peak-to-peak displacement, in micrometres (um) or millimetres (mm);
— \elocity — r.m.s. or peak)in millimetres per second (mm/s);
— acceleration — r:m.s. or peak, in metres per second squared (m/s2).

NOTE 2  Adapted from ISO 2041:1990, definition 2.1.

3.32

vibrgtion spectrum

descj" Hrevibration - - . ;
3.33

vibration transducer
device designed to be attached to a mechanical system for measurement of vibration

NOTE It converts the vibratory energy into a proportional electronic signal that can be displayed or otherwise
processed.

4 Symbols and units

For the purposes of this International Standard, the following symbols and units shall be used.

© 1SO 2003 — Al rights reserved 7
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S

O

[

per

N

Description
Instantaneous vibration acceleration
Reference vibration acceleration

Vibration acceleration amplitude of peak

r.m.s. vibration acceleration amplitude

m.s_vibration acceleration level ahove a

Unit
m/s?
m/s2
m/s2or g
(1 g = 9,806 65 m/s?)
m/s2 or g
(1 ¢ = 9,806 65 m/s2)
dB

r.m.s.

reference of 106 m/s2

A
4.5 = 20 log r'm's'j
dB 10 ( 10—6

Instantaneous vibration displacement
Peak-to-peak vibration-displacement amplitude
r.m.s. vibration-displacement amplitude
Specific unbalance

Frequency = w/2n

Balance quality grade

Rotor mass

Rotational frequency

Rotational frequency (rotor service speed)
Time

Period of vibration

Permissible residual unbalance (moment)
Instantaneous vibration velocity.
Reference vibration velocity

Vibration velocity of peak

gm, mm orm
pgm or mm

Mm or mm

pum or.g:mm/kg
Hz

kg

r/s

r/min

s

s

g-mm

Mm/s or mm/s or m/s
pm/s, mm/s or m/s

pm/s, mm/s or m/s

Overall root-mean-square velocity mm/s or m/s
r.m.s. vibratien-velocity above a reference level dB
of 109 m/s
y
VdB = 20 IOg1O ( r.m.s.j
1079
Angular velocity of impeller rad-s~"

5 Purpose of the test

Before carrying out any vibration test, the purpose for which information is required should be clearly defined

and agreed between the parties concerned.

The most important reasons for carrying out a vibration test are as follows:

a) design/development evaluations (see Annex D);

© ISO 2003 — Al rights reserved
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b) as a quality assessment at the final inspection stage (see 8.3 and Annex D);

c) in situ testing for comparison with factory measurement to determine support/ductwork connection
adequacy (see Annex E);

d) as baseline and trend information for a condition-monitoring or machinery health programme (see
Annex G);

e) to inform the designer of associated supporting structures, foundations, ducting systems, etc. of the
residual vibration which will be transmitted by the fan into the associated structure.

Readings may be recorded as overall linear response levels, in octave bands, in 1/3 octave bands, or as a
narrow band (discrete) analysis. The amount of information o be presented is dependent on th¢ category of
fan, gs defined in Clause 6, and the purposes for which the information is to be used.

6 Balance and vibration application categories (BV categories)

The design/structure of a fan and its intended application are important criteria for categorizing th¢ many types
of fans in terms of applicable and meaningful balance grades and vibration levels.

Tablg 1 has been compiled to provide categories into which fans may be-placed for the purpose [pof classifying
the type of application with respect to acceptable balance and vibratiof) limits.

Table 1 — Fan-application categories

Application Examples Limits of Fan-application
driver power catedory, BV
kW
Residential Ceiling fans, attic fans, window AC < 0,15 BV-1
>0,15 gV-2
HVAC and agricultural Building ventilation and air conditioning; <37 gv-2
commercial systems ~37 dv-3
Ihdustrial process and Baghouse, scrubber, mine, conveying, < 300 gV-3
gdower generation, etc. boilers, combustion air, pollution control, > 300 See ISO 10816-3
wind tunnels
Trgnsportation and marine Locomotive, trucks, automobiles <15 BV-3
>15 Bv-4
Transit/tunnel Subway emergency ventilation, tunnel fans, <75 gV-3
garage ventilation, Tunnel Jet Fans > 75 dv-4
none gv-4
Hetrochemical process Hazardous gases, process fans <37 BV-3
> 37 gv-4
Corpputer-chip manufacture Clean rooms none BV-5
NOTE 1  This standard is limited to fans below approximately 300 kW. For fans above this power refer to ISO 10816-3. However, a
commercially available standard electric motor may be rated at up to 355 kW (following an R20 series as specified in ISO 10816-1).
Such fans will be accepted in accordance with this International Standard.
NOTE 2 This Table does not apply to the large diameter (typically 2 800 mm to 12 500 mm diameter) lightweight low-speed axial flow
fans used in air-cooled heat exchangers, cooling towers, etc. The balance quality requirements for these fans shall be G 16 and the
fan-application category shall be BV-3.
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The fan manufacturer will typically identify the appropriate fan-application category based on the type of
equipment and power requirement. The purchaser of a fan impeller or rotor may be interested only in the
balance grade (see Table 2). The purchaser of a complete fan assembly may be interested in one or more of
the following: the balance grade (Table 2), vibration in the factory (Table 4), vibration in situ (Table 5).
Typically, one BV category will apply to all the considerations. However, a purchaser may request a BV
category different from the one listed for the application, noting that this may affect the contract price. In most
cases, the BV category, the balance quality grade and all acceptable vibration limits must be agreed upon as
part of the contract for the fan equipment. In the event that no such agreement can be reached, or is not a part
of the contract, then fans purchased according to this International Standard shall meet the vibration limits
given in Table 4 (assembled fans) or the residual unbalance requirements in Table 2 (disassembled fans).

The purcha

assembled fa

rder to match the planned in situ mounting. If no pre-arrangement exists, the fan‘m

nino

mounted eitHer rigidly or flexibly for the test, regardless of the planned in situ mounting.

7 Balanging

7.1 Gene

The fan ma
standards. T
sensitive pur

al
hufacturer is responsible for balancing the fan-impeller assembly to acceptable comm

bose-built, balancing machines which permit accurate assessment of residual unbalance.

7.2 Balanice quality grade

The following balance quality grades apply to fan impellers. A*fan manufacturer may include other ro

components
balance of i

(shaft, coupling, sheave/pulley, etc.) in the fotating assembly being balanced. In adq
hdividual components may be required. See references ISO 4863 and ISO 254 for ba

requirementq for couplings and pulleys.

7.3 Calcu

Table 2 —<Balance quality grades

ercial

his International Standard is based on ISO 1940-1. Balancing-is generally performed on highly

ating
ition,
ance

Fan-application Balance quality grade for rigid
category rotors/impeller

BV-1 G 16

BV32 G 16

BV-3 G6,3

BV-4 G25

BV-5 G1,0
NOTE In fan application category BV-1, there may be some extremely small fan
rotors weighing less than 224 g. In such cases, residual unbalance may be difficult to
determine nr\r\urnfnly The fahrication process. should ensure rn::cnn::hly nqunl \unighf
distribution about the axis of rotation.

lation of permissible residual unbalance

G grades as given in Table 1 are balance quality grades and are derived from the product of the relationship
eper X @, in millimetres per second, where €per is the permissible residual unbalance, and w is the angular
velocity of the impeller.

10
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e

U,
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specific unbalance, in micrometres (um) or in grams millimetres per kilogram(g-mm/kg);

x10°3

per

G
[0

permissible residual unbalance (moment), in grams millimetres (g-mm);

per = M X €per

In M
(see
operg
(see

Calcl
with

8.1.1

Figur
beari
ISO 1
The

fan

impe
mech
pane
be ol
ISO 1

Horiz
shall
Axial

elmgular velocity of impeller, in radians per second (rad/s);

=271 x N/60

st applications, the permissible residual unbalance in each of two correction planes can be|
Annex F). Whenever possible, the fan impeller should be mounted on the"shaft that wi
tion. If a mandrel is used, care should be taken to avoid eccentricity dae)to a loose hub-
Annex B).

lation of residual unbalance shall comply with 6.2.3 of ISO 1940-%—, and measurement
Clause 8.

Fan vibration
Measurement requirements

General

es 1 to 4 illustrate some of the possible’locations and directions for taking vibration readings
hg. Other positions may be relevant/for the measurement of vibration at foundations or fan
4695). The values shown in Table 4 are based on readings taken perpendicular to the ax
umber and location of the readings to be taken during shop or in situ operation is at the dis
anufacturer or by agreement’with the purchaser. It is recommended that measurements be
ler shaft bearings. When™ this is not possible, the pickup shall be mounted in the sk
anical path between'the transducer and the bearing. Transducers shall not be mounted on
s, the fan housing,.guards, flanges or elsewhere on the fan when a continuous mechanica

set at Upe,/2
| be used in
o-mandrel fit

shall comply

on each fan
flanges (see
s of rotation.
Cretion of the
taken on the
ortest direct
unsupported
path cannot

tained, unless{eguired for giving information on vibration transmitted to ducting and/or foundations (see

4695 and 1S@5348).

ontal readings shall always be taken in a radial direction at right angles to the fan shaft. Ver
always-be taken at a right angle relative to the fan shaft and at right angles from the horizq
readings shall always be taken parallel to the shaft (rotor) axis.

ical readings
ntal reading.

8.1.2

Seismic readings

All vibration values in this International Standard are seismic readings which represent the motion of the
bearing housing.

Observations to be taken shall include readings taken with accelerometer or velocity-type instruments.
Particular attention should be given to ensure that the vibration-sensing transducer is correctly mounted
without looseness, rocking, or resonance. The size and weight of the transducer and its mounting system
should not be so large that its presence affects the vibration-response characteristics of the fan significantly.
Variables associated with transducer mounting and variations in instrument calibration can lead to variations
in measurements of + 10 % of the values given herein.
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8.1.3 Displacement readings

The user and manufacturer may agree to measure shaft displacement within the sleeve-bearing oil film by
means of proximity probe systems.

Such systems measure the relative motion between the rotating shaft surface and the static bearing housing.
Clearly, the allowable displacement amplitude must be limited to a value less than the diametral clearance of
the bearing. This internal clearance varies as a function of the bearing size, the radial/axial loading, the
bearing type, and the axis of interest (i.e., some designs have an elliptical bore with larger clearance in the
horizontal axis than the vertical axis). Therefore it is not the intent of this International Standard to establish
discrete shaft-displacement Ilmlts for all sleeve bearlngs and fan appllcatlons However the foIIowmg
guideline is re v : ge of
the total avai able clearance W|th|n the bearing in each axis.

Table 3 — Percentage of total available clearance within the bearing in each axis

Maximum recommended displacement as a percentage-of
available diametral clearance (any axis)

Condition

less than + 25 %

NOTE  Contact the bearing supplier to abtain the available
diametral and axial clearances within the particular sleeve
bearing being used.

+50 %
+70 %

Start-up/ Satisfactory

A!arm level
SI||ut-down level

This measurgment involves the apparent motion of the shaft surface. Measurements are affected not only by

vibration of
round. The
electrical run
probe-track
peak or 25
should be de
rotor are neg
Proximity prg

The levels g
higher levels

When fans a
is fully open.
flow separati

Fans for insf

e shaft, but also by any mechanical run-out @f the shaft surface if the shaft is bent or o
agnetic/electrical properties of the shaft material at the point of measurement also affe
-out of the shaft as measured by a proximity probe. The combined mechanical and ele
un-out of the shaft material at the pointief measurement should not exceed 0,012 5 mm pe
o of the start-up/satisfactory vibration” displacement value, whichever is greater. This ry
termined during a slow roll speed‘test (25 r/min to 400 r/min), when the unbalance forces g
ligible. Special shaft preparation may be required to achieve satisfactory run-out measure
bes should be mounted dirgctly in the bearing housing whenever possible.

ven shall apply to the design duty only. When the fan is designed for a variable speed
are possible at other-speeds due to unavoidable resonances.

re supplied with.variable vanes then the levels shall apply to the condition when the vane c
It should be.noted that, especially at large angles between the vanes and the entry airflow
bn may ocCcur leading to higher vibration levels.

outlet duct h:fving a length of at least two mean duct diameters (see also Annex C).

ut-of-
ot the
trical
hk-to-
n-out
n the
ment.

drive,

bntrol
axis,

allation categories B and D (see ISO 5801 and I1SO 13348) shall be tested with an inlet gnd/or

EXAMPLE

clearance of 0,

Recommended guidelines for nominal 150 mm diameter sleeve bearing having a horizontal internal

33 mm

Limits of relative shaft vibration:

alarm

shut-dow

12

start-up/satisfactory

= (0,25 x 0,33 mm) = 0,082 5 mm peak-to-peak
= (0,50 x 0,33 mm) = 0,165 mm peak-to-peak

n = (0,70 x 0,33 mm) = 0,231 mm peak-to-peak

© I1SO 2003 — Al rights re
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Combined mechanical and electrical run-out of the shaft at the point of vibration measurement:

a)

b)

0,0125 mm

0,25 x 0,082 5 mm = 0,020 6 mm

Choose the greater of the two values: 0,020 6 mm.

Key

w N -

Key
1
2
3

3
2 . 1
— =
hprizontal
akial
vertical
Figure 1 — Three-axis pickuplocations for horizontally mounted axial fan
1
-
N
I -
3 |
' -
vertical
axial
horizontal

Figure 2 — Three-axis pickup locations for a SWSI centrifugal fan

© 1SO 2003 — Al rights reserved
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-
‘U
N

Key
1 vertical
2 axial

3 horizontal

Figure 3 — Three-axis pickup locations for a DWDI centrifugal fan

.

N

Key

1 vertical

2 axiallvertical
3 horizontal

Figure 4 — Three-axis pickup locations for a vertically mounted axial fan
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8.2 Fan support system

Fan installations are classified for vibration severity according to their support flexibility. To be classified as
rigidly supported, the fan and support system should have a fundamental (lowest) natural frequency above the
running speed. To be classified as flexibly supported, the fan and support system should have a fundamental
frequency below the running speed. Generally, a large well-designed concrete foundation will result in a rigid
support, whereas a fan mounted on vibration isolators will be classified as flexibly supported. Fans mounted
on a steel framework can be in either category, depending on the structural design. In case of doubt, analysis
or tests may be required to determine the fundamental natural frequency. Note that, in some cases, a fan
could be classified as rigidly supported in one measurement direction and flexibly supported in another.

8.3 Fan-vibrationlimitsfortests-inmanufacturer's-work-shop

The pibration limits shown in Table 4 apply to assembled fan units. The values shown:ar¢ velocity, in
millimetres per second (mm/s). Filter-In, at fan rotational frequency and are to be taken at'the fan|bearings.

Table 4 — Vibration-levels limit for test in manufacturer's work-shop

Fan application Rigidly mounted Flexibly)mounted
category mm/s mm/s
Peak r.m.s. Peak r.m.s.
BV-1 12,7 9,0 15,2 11,2
BV-2 5,1 3,5 7,6 5,6
BV-3 3,8 2,8 5,1 3,5
BV-4 2,5 1,8 3,8 2,8
BV-5 2,0 1,4 2,5 1,8

NOTE 1 Refer to Annex A for conversion of velocity units to displacement or acceleration
units for filter-in readings.

NOTE 2 The r.m.s. values _given in this Table are preferred. They are rounded to a R20
series as specified in 1ISO10816-1. Peak values are widely used in North America. Being
made up of a number of sinusoidal wave forms, these do not necessarily have an exact
mathematical relationship with the r.m.s. values. They may also depend to some extent on
the instrument used-:

NOTE 3 The values in this Table refer to the design duty of the fan and its design rotational
speed and with any inlet guide vanes “full-open”. Values at partial load conditions should be
agreed between the manufacturer and user, but should not exceed 1,6 times the values given.

8.4 | Fan vibration limits for operation in situ

The |n situ vibration level of any fan is not solely dependent on the balance grade. Installatiop factors, the
masq and_stiffness of the supporting system, will influence the in situ vibration level [22]. Therefore, fan
vibrationdeVel in situ is not the responsibility of the fan manufacturer unless specified in the purchise contract.

The wibratien—evets—in—Fable5—are gu;dcl;llco fot auucptablc upclat;uu offans—in—the—variot application
categories. The values shown are for filter-out measurements taken on the bearing housings, and are
velocities measured in millimetres per second (mm/s).

The vibration-severity level of newly commissioned fans should be at or below the “start-up” level. As
operation of the fan increases with time, it is expected that the vibration level will increase due to wear and

other accumulated effects. In general, an increase in vibration is reasonable and safe as long as the level
does not reach “alarm.”

If the vibration-severity level increases to the “alarm” level, investigation should be initiated immediately to
determine the cause of the increase and action taken to correct it. Operation at this condition should be

carefully monitored and limited to the time required to develop a programme for correcting the cause of the
increased vibration.

© 1SO 2003 — Al rights reserved 15
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If the vibration-severity level increases to the “shut-down” level, corrective action should be taken immediately
or the fan should be shut down. Failure to reduce the shut-down level vibration to the acceptable
recommended level could lead to bearing failure, cracking of rotor parts and fan-housing structural welds, and
ultimately, a catastrophic failure.

Historical data is an important factor when considering the vibration severity of any fan installation. A sudden
change in the vibration level may indicate the need for prompt inspection or maintenance. These values
should be evaluated and adjusted for each fan installation based on operational or historical data. Transitory
changes in vibration level that result from relubrication or maintenance should not be used for evaluating the
condition of equipment.

Table 5 — Seismic vibration limits for tests conducted in situ
Conditign Fan-application Rigidly mounted Flexibly mounted
category mm/s mm/s
Peak r.m.s. Peak r.m.s.
Start-up BV-1 14,0 10 15,2 11,2
BV-2 7,6 5,6 12,7 9,0
BV-3 6,4 4,5 8,8 6,3
BV-4 4.1 2,8 6,4 4,5
BV-5 2,5 1,8 4.1 2,8
Alarm BV-1 15,2 10,6 19,1 14,0
BV-2 12,7 9,0 19,1 14,0
BV-3 10,2 7 16,5 11,8
BV-4 6,4 4.5 10,2 71
BV-5 57 4,0 7,6 5,6
Shutdown BV-1 Note 1 Note 1 Note 1 Note 1
BV-2 Note 1 Note 1 Note 1 Note 1
BV-3 12,7 9,0 17,8 12,5
BV-4 10,2 71 15,2 11,2
BV-5 7,6 5,6 10,2 71
NOTE 1  Shutdown levels for fans in fan-application grades BV-1 and BV-2 should be established based on historical data.
NOTE 2 The|r.m.s. values given in this)Table are preferred. They are rounded to a R20 series as specified in ISO 10816-1.| Peak
values are widgly used in North Amefica* Being made up of a number of sinusoidal wave forms, these do not necessarily have an|exact
mathematical relationship with thedr.m’s. values. They may also depend to some extent on the instrument used.
9 Other fotating.components
Accessory rqtating components which may affect fan-vibration levels include drive sheaves, belts, coupling,
and motor/dtiverdevices—\\henafanis—orderedfromthemanufacturerina-bareconditien—{-e—neldrive

Tarc—C (o 1o

and/or motor supplied and/or installed by the manufacturer), it is not always practical for the manufacturer to
perform a final assembly test run for vibration levels. Therefore, though the impeller may have been balanced
by the manufacturer, the customer is not assured of a smooth-running assembled fan until the drive and/or
driver are connected to the fan shaft and the unit is tested for start-up vibration levels.

It is common for assembled fans to require trim balancing to reduce the vibration level to the start-up level.
The final assembly test run is recommended for all new BV-3, BV-4 and BV-5 fan installations before
commissioning for service. This will establish a baseline for future predictive maintenance efforts.

The fan manufacturer cannot be responsible for the effects of vibration of drive components added after the

factory test run. For additional information on the balance quality or vibration of components, refer to the
appropriate references given in Clause 2.

16 © 1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=379f647220881c0cfb8d2660c5c3b160

ISO 14694:2003(E)

10 Instruments and calibration

10.1 Instruments

Instruments and balancing machines used shall meet the requirements of the task and be within current
calibration. See Clause 8 of 1SO 1940-1:1986. The calibration period for the instrument should be that
recommended by the instrument manufacturer. Instruments shall be in good condition and suitable for the
intended function for the complete duration of the test.

Personnel operating instruments shall be familiar with the instruments and shall possess enough experience
to detect a possible malfunction or degradation of the instrument performance. When instruments require
corrective measures or calibration, they shall be removed from service until corrective action istaken.

10.2| Calibration
All instruments shall be calibrated against a known standard. The complexity of the'calibration mjay vary from

a physical inspection to a complete calibration. Traceable use of a calibrated weight to determine residual
unbalance such as described in 8.3 of ISO 1940-1:1986 is one accepted method of calibrating ingtrumentation.

11 Documentation

11.1| Balance
Written certification of the balance achieved for an individual rotor shall be provided upon request when
negofiated. In such cases, it is recommended that the following information be inclided in the
balar|ce-certification report:

a) balance-machine manufacturer, model number;

b) @verhung or between centres;

c) balance method, single plane, two-ptane;

d) ass of rotating assembly;

e) sidual unbalance in €ach correction plane;

f) llowable residualtunbalance in each correction plane;
g) Balance quality.grade required;

h) acceptance criteria: pass/fail;

i) alance certificate, if required.

Keeping a written record on an individual rotor is not always practical. When this is the case, the
manufacturer’s records or standard operating procedures shall be sufficient evidence of balance achievement.

11.2 Fan vibration

Written certification of the vibration level achieved for an individual fan shall be provided upon request when
negotiated. In such cases, it is recommended that the following information be included in the vibration
certification report:

a) instrumentation used;

b) attachment of transducer;
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c) fan operating point (volume flow rate, pressure, power);
d) fan operating speed;
e) flexible or rigid mount;
f)  description of measurements:
1) position and axis,

2) units of measure used and reference levels,

3) frequency, bandwidth, filter-in or filter-out.
g) allowablg vibration level(s);
h) measurgd vibration level(s);
i) acceptance criteria: pass/fail;
j)  vibration certificate if requested.

Keeping a written record on an individual fan is not always practical. When¢his is the case, the manufactyrer’s
records or standard operating procedures shall be sufficient evidence of vibration level achievement.

11.3 Certifjcates

Figure 5 givgs an example of a Balance Vibration Certificate.ult is for illustrative purposes only and any |other
certificate wtlich includes the necessary information outlined4n 11.1 and/or 11.2 is acceptable.

18 © 1SO 2003 — All rights reserved
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Certificate of balance/vibration

Work order No. Customer order No.
Fan type Customer
Description Fan serial No.
Drawing No. Specification
Impeller diameter

Impeller rotation speed r/min

Electrical supply \% [0} Hz

This is to certify that the above item has been balanced to within the permitted residual unbalance which complies with

grad G Uf iSC 1940'1 dlld ;b ;ll abbUlu‘dllbU Wltil tiIU IUqu;IUIIIUIItb Uf :SO 14694 dll\]I :SO 14695
For pgsition of transducers see sketch.
Balance Filtered readings Filter bandwidth Hz
Trangducer position Velocity mm/s L] Rotational Hz ) Balange grade
Peak [] Frequency r/min ]

A

B

To copvert from r.m.s. to peak-to-peak value, multiply by 1,4141/4

To copvert from r.m.s. to peak value multiply by 0,707

V peak-to- x60 000
To obtain displacement in um peak = —Peak-to-peak -
2X xr/min
Sketch
Vibration (Overall readings)
Mgde Transducer position
1 2 3 4

All reqdings aredvibrational displacement/velocity/acceleration

Units pre ym-peak-to-peak mm/s r.m.s. m/s2 r.m.s.

mm/s peak m/s? peak

V4g reference tevett0—Smrs g5 Teference fevett0-8mfs2

| Fan mounting | Free I:I Rubber A/V I:l Spring A/V I:I Suspended I:I
[EQUIPMENT | Transducers | |

Analyser | |

Tested by | | Sign for and on behalf of | |
Date | |

Figure 5 — Example of report form for balancing and vibration
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Annex A
(informative)

Relationship of vibration displacement, velocity and acceleration for
sinusoidal motion

5
2
Key
1 displacement
2 period (armount of time to complete one cycle)
3 rms
4 peak velogity (when displacement = 0)
5 peak accdleration (when displacementis-at peak)
6 peak-to-pgak displacement

Figure A1

Generally, there is no simple relationship between broad-band acceleration, velocity and displacement; por is
there betwegn peak (65p), peak-to-peak (p-p) root mean square (r.m.s.) and average values of vibration.
However, when thewvibration is totally or predominantly at a single frequency (e.g. due to residual unbalaince)
or it is measyred¢“filter-in”, then the following relationships exist, independent of the system of units involyed:

v _ "peak 4 _ Apeak D _ Dpeak-to-peak
rms. = NA rms. = rms. =
2 V2 2x+2

The following relationships also exist, expressed in the Sl system of units:

Displacement Dpeak-to-peak: In millimetres;

Velocity Voeak: in millimetres per second;

Acceleration Apeaks in metres per second squared (1 g = 9,806 65 m/s2);
Frequency f, in Hertz;
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Relationship equations

EXAMPLE 0,10 mm, peak-to-peak, at 1 800 r/min (30 Hz)

Vpeak

= T':'f'Dpeak—to—peak Vpeak = TE><(30)><(0,10) = 9,42 mm/s

2 (1 £)? Dpeak-to-peak 2x(1x30)2x(0,10)

ISO 14694:2003(E)

A = A = = 0,181
peak 1000 g peak (1000)x g g
v 9,42
D . _ 7 peak o y 010
pea ’p‘EE'k . f pca'k—pcqr\ x 30 7 mm
1000 - g - Apeak (1000)x (g)x(0,181)
Dpeatt- = 0— D peak- = . = 0,70 mm
pealf-peak 5. (TE . f)2 peak-peak 2X(TE><3O)2
1000-¢g- 4
Vpeal| = —— 8 “pesk Vpeak = (1000)~(g)~x(0.181) = 9,42 mm/s
2.1 f 2x7mtx30
2. fV 2xm(30)x(9,42)
A = A = —————— =°£0,181
Peal = 1000 - g peak (1000)x g &
The fpllowing relationships exist, expressed in the Sl system of units:
Displacement Dy s.» in millimetres;
Velogity Ve ms.» in millimetres per second;
Acceleration A m.s.» In Metres per second squared;
Fregliency £, in hertz:
Relationship equations
EXAMPLE 0,035 4(mm to 1 800 r/min (30 Hz)
Vemp =27 f - Byin s, Ve.m.s. =2xmx(30)x (0,035 4)= 6,67 mm/s
2
4% .D 2
Armk. :M Arms. = 4x(rx30)"x0,0354 =126 m/s
1000 1000
Dims. = d Drms:ﬂ:0,0354mm
2 f T 2xmx(30)
Drms. = 1099: A”E'S' rm.s. = 1000126 262 =0,0354 mm
4~(7£f) 4 x(nx30)
v =000 Arms, v, =1000x126 ¢ 67 mmis
o 2. f T 2xwx(30)
2.w-f-V, 2xmx(30)x1,26
y _ r.m.s. A = T _126m/s
r.m.s. 1000 r.m.s. 1000
© 1SO 2003 — Al rights reserved
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Annex B
(informative)

Assembly practices for balancing in a balancing machine

B.1 Directly driven fans

B.1.1 Genclral

Fan impeller:

5 which are intended to be fitted directly to the shaft of an electric motor must be-batanced t

same conveiptions to that which the electric motor has been balanced.

Electric mot
attached to
according to
requirementg
balancing wg
to be marked

B.1.2 Motdg

Fan impeller:
on a tapered

B.1.3 Motd

Fan impeller
can:
a) have the
b) be balarn

c)
fitted.

brs complying with earlier editions of IEC 60034-14 will have been ,balanced with a ful
he shaft. This International Standard has now been revised, however, and motors prod
the revised standard will be balanced with a half key on the shaft so as to comply wit
of 1ISO 8821. Such motors are to have the shaft marked with<he letter H, to indicate th

s performed using the half-key convention, and any fitments.te the motor, such as fans, are
. (See I1SO 8821 for further information on marking.)

rs balanced according to the full-key convention

5 which are to be fitted to electric motors balanced to the full-key convention should be bala
mandrel, without a key being fitted to the fan impeller.

rs balanced according to the half:key convention

5 which are to be fitted to electric‘mbtors which have been balanced to the half-key conve

keyway cut after balancing,-if the impellers have a steel hub,

be balanced on a mandrel, in which a keyway or keyways have been cut (see B.3) and with a fu

B.2 Indirjctly driven fans

D the

key

Lced

the
the
also

hced

htion

ced, on a tapered mandrel, and with the keyway in the impeller filled with a half-height key, and

| key

Wherever possible, the complete rotating assembly, including the fan wheel, shaft and pulley/coupling, should
be balanced as a unit. When this is not practical, however, the impeller shall be balanced on a mandrel
(see B.3) using the same convention as used for the shaft.

B.3 Mand

rel

Mandrels are temporary shafts used for mounting fan impellers when they are being balanced. Mandrels

should be

a) keptasl

22
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b) handled carefully at all times and checked regularly to ensure that they are still in balance, and

c) preferably of the tapered type, as this reduces the errors due to eccentricity caused by tolerances in the
dimensions of the bore and mandrel. If using tapered mandrels, the correct distances from the balance
planes to the bearings shall be employed in the computation of balance.

Should a parallel mandrel be used, then a keyway shall be cut in the mandrel and a full key fitted to transmit
torque between the mandrel and fan.

Alternatively, two keyways, spaced at 180°, may be cut in the mandrel so that a method known as a reversal
test can be used The fan is flrst checked for balance using one fuII key and one half key to fill the other
keywgry d again. The
differential value of the two unbalance measurements represents reS|duaI unbalance in the mandrel and the
univgrsal joint drive shaft. Half the difference between the two measurements represents unbalance in the fan
rotor
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Annex C
(informative)

Sources of vibrations

C.1 General

There are m

Ny sources of vibration within any fan installation and some of the frequencies which aoccu

be directly gttributable to the nature of the installation. This Annex can only deal with the more: eor

sources of vi

bration which can occur on most fans. As a general rule, any looseness in the support syste

cause deterigration in the vibration behaviour. Informative values are given in Table C.1.

C.2 Unba

This is the m
rotational sp
or inclined t
summation (
combination

The shaft ca
and fixed cq
temperatures
mistreatmen
(see C.3).

During servig
a hostile env

The effects

ance

ajor source of vibration in fans and is characterized by the frequency.of vibration equivalent
bed (1 r/s) of the machine. It is caused by the centre of the axis/of rotating mass being ecc
b the axis of rotation and this may be the result of irregulaf distribution of rotating mass

pf these. Vibration as a result of out of balance will be predominantly in the radial direction.

h become temporarily bent due to uneven heating, either as a result of friction between ro
mponents, by electrical effects (see C.6), or in the case of a static fan, due to unevs
. Permanent bends can occur as a result of;~changes in material properties, as a res|
, or in the case of a separately mounted fanvand motor, as a result of a misaligned cot

e, an impeller could become unbalanc¢ed due to the uneven build-up of airborne contaminar
ronment, unbalance could be due(tostuneven erosion or corrosion of the impeller.

unbalance should be determined, remedial work carried out and repeatable behaviour established, befor

balancing is

C.3 Misal

This can ocd

indertaken.

gnment

ur when thedrive motor and the fan are separately mounted and coupled together by drive

or a (flexiblg¢) coupling! Misalignment is sometimes characterized by a frequency of vibration coin

typically with
when a para

oncerand twice the rotational speed (1 and 2 x r/s). It will be predominantly in the radial dire

f tolerances causing the impeller to be eccentric on its “shaft, the shaft being bent, of

lel.Offset occurs, but when there is an angular offset, it may be dominant in an axial direction|.

may
hmon
m will

o the
Bentric
, the

any

ating
n air
ult of
pling

ts. In

bf out of balance can be overcome by trim balancing at suitable planes, but the source ¢f the

B any

belts
iding
ction,

The misalignment of shafts mounted in series, results in an angled joint through which the shafts rotate. When
rigid couplings are employed, alternating forces are introduced into the system, resulting in fatigue loads on
the shafts and the couplings. The use of flexible couplings will significantly reduce these loads.

C.4 Aerodynamic excitation

Excitation can be caused by interaction between the impeller and stationary obstructions such as guide vanes,
the cut off (centrifugal fans), motor or bearing supports, inadequate running clearances or poorly designed
upstream or downstream airways. The essential feature is that some regular pattern, repeating each
revolution of the impeller, is imposed on the otherwise random force fluctuations between the impeller blades
and the air. Vibrations will be observed at multiples of the blade-passing frequency, i.e. the product of the
rotational speed, in revolutions per second (r/s), and the blade number.
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Aerodynamic stall, caused by air separation from blade surfaces and subsequent wake shedding, produces a
broad-band vibration which will change in magnitude and shape with varying fan load.

Rotating aerodynamic stall is characterized by asynchronous and particularly sub-synchronous (less than
1 x r/s) frequencies which will be unstable and not a function of rotational speed. High vibrations will be
evident on the fan casing and any ducting.

Surge can occur when there is a significant mismatch in the system requirements compared to the fan
capability. Its occurrence will result in impulsive inputs to the fan supports and there will be strong acoustic
evidence that it is happening.

When blade vibrations occur as a result of any of the above effects, it will probably be necessary to investigate
them[Using separate transducers rather than the vibration pick-ups 1n the normal posItions.

C.5 |Oil whirl

Oil whirl can occur principally on pressure-lubricated sleeve or journal-type bearings_and has a

frequency just below half-rotational speed unless the machine is operating above its first criti
which case the oil whirl will be observed at the first critical speed and is sonfetimes then known
whirl for oil whip.

C.6 |Electrical sources

UneV

In th¢ case of induction motors, the appearance of a frequency corresponding to the number
timeq the rotational speed, in revolutions per second (r/s), signifies effects emanating from the
while| conversely, a frequency corresponding to the number of stator bars times rotation
revolptions per second (r/s), signifies effects emanating from the rotor bars.

It is g

electrical supply is removed.

Disturbances from belt drives

are, in general, two types jof vibration problems associated with belt drives, namely: the re|
belts|to other disturbing forees, and vibration due to actual problems with the belts.

The former is the most-carmmon occurrence when, although the belts are vibrating, they are me
to some other disturbing’force, hence replacement of the belts will not cure the problem. Typical

characteristic
cal speed, in
as resonant

en heating of the electrical rotor can lead to bending which:then results in out-of-balance effects (1 x r/s).

of rotor bars
stator bars,
bl speed, in

haracteristic of many vibrations induced by electrical sources that they disappear immediately when the

Action of the

rely reacting
sources are

excegsive unbalancge-in the drive system, eccentric pulleys, misalignment and mechanical loosg¢ness. Thus,

an analysis shouldbe made to determine the source of the vibration before the belts are replaced.

If the| beltssare reacting to some disturbing force, the frequency of the belt vibration will probably
as the disturbing frequency. When this is the case, a stroboscopic light can be used to identify

be the same
the source,

since at'the vibrational frequency, the source will appear stationary.

On multibelt drives, the source of the vibration can be excessively amplified if the belts are not of equal
tension.

Occurrences when the belts are the source of the vibration will be due to physical defects of the belts such as
cracks, hard spots, soft spots, lumps on the belt faces, pieces broken off, etc. With V belts, variation in width
will cause the belt to ride up and down in the pulley grooves, creating vibration through variation in belt
tension.

When the belts are actually the source of the vibration, the frequency at which this occurs will usually be
some multiple (1, 2, 3 or 4 s) times the belt revolutions per unit time. The particular frequency will depend on
the nature of the problem as well as the number of pulleys and idlers.

In some cases, the vibration amplitude will be unsteady. This is particularly true of multiple belt drives.
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ISO 14694:2003(E)

D.1 Force

Annex D
(informative)

Equation of vibration

s causing vibration

The fan and
resolving ma

Every fan wil
a) Mass m
of the te

its parts may be likened to a spring-mass system and an understanding of this fact is use
ny vibrational problems. It is also of importance in revealing the causes of resonance.

have three basic properties.

measured, in kilograms. The force due to the mass of the system is an inertia force or a me
hdency of the body to remain at rest.

b) Damping C is the damping force per unit velocity of a system. It is a measure of the slowing do

vibration

c) Stiffness

s, and is given in newtons second per millimetre.

k is a measure of the force required to deflect part of the fan/through unit distance, express

Ful in

asure

vn of

ed in

orce

newtons per millimetre.
The combingd effects of these restraining forces determine howa%an will respond to a given vibratory
e.g. unbalange. Thus we may state that:
mé, +Chy +key = My rsin(or + ¢) = Mw?esin(wt =¢;)
or
~me, @1 sinwt + Ce, wsin(wt + 7/2) + ke, = Mua)zrsin(a)t —$) = Mo ?esin(wt — ¢)
where
e = Djsplacement of centre”of gravity from centre of rotation m;
ep = Displacement ofypatt due to vibratory force m;
M = Mass of rotating parts kg;
M, = Mass of'residual unbalance kg;
r = Distance of unbalance from rotating centre m;
¢ = Phase angle between exciting force and actual vibration rad;
® = Angular velocity rad-s;
m = Total mass or mass being considered kg.
or
Inertia force + Damping force + Stiffness force = Vibratory force
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