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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

organization

s, 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

electrotechn
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ical standardization.
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World Trade
.org/iso/ford

es of ISO documents should be noted. This document was drafted in accordanee with the

irawn to the possibility that some of the elements of this document may-be the subject of

4. ISO shall not be held responsible for identifying any or all such patent-rights. Details of
ights identified during the development of the document will be in the Introduction and/or

t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the convenience of users and dogs not
endorsement.

ination of the voluntary nature of standards, the meaning of ISO specific termps and
related to conformity assessment, as well as information about ISO's adherence o the
Organization (WTO) principles in the TechnicalBarriers to Trade (TBT) see www.iso
word.html.
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condition mo

This fourth 4
revised.

The main ch

— changes

— correcti¢n of the formula i1r3.1.58 (2.1.58 in the previous edition);

— addition

Any feedbacl
complete list

nt was prepared by Technical Committee*ISO/TC 108, Mechanical vibration, shodk and
hitoring.

dition cancels and replaces the thitd edition (ISO 2041:2009), which has been technjically

inges compared to the previous edition are as follows:

in format to conform to‘the ISO/IEC Directives, Part 2: 2018;

of Figure 4 and Figure 5.

c or questions on this document should be directed to the user’s national standards bpdy. A
ing of these bodies can be found at www.iso.org/members.html.
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Mechanical vibration, shock and condition monitoring —
Vocabulary

1 Scope

This document defines terms and expressions unique to the areas of mechanical vibration, shock and

condi

lonmonitoring
5

2 N
Therg

3 1

[SO and IEC maintain terminological databases for use in standardization at the following

q

]

]

3.1

3.1.1
displ
relat
(vibr4
with
Note 1
in pos
both g

Note
refere

Note 3

— 0
f1

$0 Online browsing platform: available at https://www.i§é.0Tg/obp

]1
L

ormative references

are no normative references in this document.

erms and definitions

C Electropedia: available at http://www.electropedia.org/

General terms

hcement

ve displacement
tion and shock) time varying quantity that specifies the change in position of a poi
‘espect to a reference frame

to entry: The reference frame\is usually a set of axes within which a set of coordinates defiy

an represent the displacement.

nce frame otherthan the primary reference frame designated in a given case.

to entry: Displacement can be:

equency), or

— Tr

addresses:

nt on a body

es the change

ition of a point on a body./ngeneral, a rotation displacement vector, a translation displacement vector, or

P to entry: A displacement is designated as a relative displacement if it is measured with respect to a

scillatoryin which case simple harmonic components can be defined by the displacement amplitude (and

hndom inwhich casethe rogt-mean- square ﬁ'mc\ dlcnlnr‘nmnnf fnnﬂ band-width and nrnhf

bility density

dlstrlbutlon) can be used to define the probablllty that the dlsplacement will have values within any
given range.

Note 4 to entry: Displacements of short time are defined as transient displacements. Non-oscillatory
displacements are defined as sustained displacements, if of long duration, or as displacement pulses, if of short

durati

3.1.2
veloc

on.

ity

relative velocity
(vibration and shock) rate of change of displacement

Note 1 to entry: In general, velocity is time-dependent.
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Note 2 to entry: The reference frame is usually a set of axes within which a set of coordinates defines the rate of
change of displacement of a point on a body. In general, a rotation velocity vector, a translation velocity vector, or
both can represent the velocity.

Note 3 to entry: A velocity is designated as a 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 vector difference between the velocities of the two points.

Note 4 to entry: Velocity can be:

frequency), or

oscillatory, in which case simple harmonic components can be defined by the velocity amplitude (and

random,
distribut

Note 5 to entr
defined as sug

3.1.3

acceleratiorn
relative acc
(vibration an

Note 1 to entr]

Note 2 to entr
change of velg
or both and th

Note 3 to en
reference fra
between two

Note 4 to entj
average and T
square values

Note 5 to entr

oscillator]
frequenc

random,
used to d

Note 6 to ent]
accelerations
duration.

in which case the root-mean-square (rms) velocity (and band-width and probability,d|
on) can be used to define the probability that the velocity will have values within any given

y: Velocities of short time duration are defined as transient velocities. Non-oscillatory velocit
tained velocities, if of long duration.

pleration
d shock) rate of change of velocity

y: In general, acceleration is time-dependent.

y: The reference frame is usually a set of axes within whichya set of coordinates defines the
city of a point on a body. In general, a rotation acceleratign'vector, a translation acceleration Y
e Coriolis acceleration can represent the acceleration

ry: An acceleration is designated as a relativezacceleration if it is measured with resped
e other than the inertial reference frame designated in a given case. The relative accele
boints is the vector difference between the adcelerations of the two points.

y: In the case of time-dependent accelerations, various self-explanatory modifiers, such as
ms (root-mean-square), are often Gsed. The time intervals over which the average or root
are taken should be indicated ar implied.

y: Acceleration can be:

y, in which case simplé harmonic components can be defined by the acceleration amplitud|
), or

n which case the)fms acceleration (and band-width and probability density distribution)
efine the probability that the acceleration will have values within any given range.

ry: Accelerations of short time duration are defined as transient accelerations. Non-oscil
are defined as sustained accelerations, if of long duration, or as acceleration pulses, if of

ensity
ange.

es are

rate of
rector,

tto a
ration

peak,
mean-

e (and

an be

latory
short

3.1.4
standard ac

9gn
standard acc

celeration due to gravity

eleration of free fall

unit, 9,806 65 metres per second-squared (9,806 65 m/s2)

Note 1 to entry: The value was adopted in the International Service of Weights and Measures in 1901 (Resolution
of the 3rd CGPM) as the standard for acceleration due to gravity.

Note 2 to entry: This “standard value” (gn = 9,806 65 m/s2 = 980,665 cm/s2 approximately 386,089 in/s?2
approximately 32,174 0 ft/s2) should be used for reduction to standard gravity of measurements made in any
location on Earth.

Note 3 to entr

y: Frequently, the magnitude of acceleration is expressed in units of gy.
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Note 4 to entry: The actual acceleration produced by the force of gravity at or below the surface of the Earth varies
with the latitude and elevation of the point of observation. This variable is often expressed using the symbol g.
Caution should be exercised if this is done so as not to create an ambiguity with this use and the standard symbol
for the unit of the gram.

Note 5 to entry: Historically, this value of g, was the conventional reference for calculating the now obsolete unit
kilogram force.

3.1.5
force
dynamic influence that changes a body from a state of rest to one of motion or changes its velocity

N = . AL 1] 1 L L h H 1 adendel 1 | Hpn bt
Ote LU THU Y. ATUTTT LUUIU dISU LIHAITgT a DUU Y S5 SIZT UL SIIdpPUT 1T LIIT UUU Yy TTOISLS TTITULIUIL.

Note 2 to entry: Force is expressed in newtons. One newton is the force required to give a mass of one kilogram
an acdeleration of one metre per second squared.

3.1.6
restoring force
reactjve force caused by the elastic property of a structure when it is bejng deformed

3.1.7
jerk
rate df change of acceleration

3.1.8
inertjal reference system
inertjal reference frame

coordinate system or frame which is fixed in space or“moves at a constant velocity withgut rotational
motign and thus, not accelerating

3.19
inertjal force
react]ve force exerted by a mass when.itis’being accelerated

3.1.1

oscillation
variation, usually with time, of the magnitude of a quantity with respect to a specified reference when
the mfagnitude is alternately,greater and smaller than the specified reference

Note 1 to entry: See vibration (3.2.1).

Note 2 to entry: Variations with time such as shock processes or creeping motions are also conpsidered to be
oscilldtions in a more general sense of the word.

3.1.1
envirjonment
all external conditions influencing a system at any given moment

Note 1 to entry: See induced environment (3.1.12) and natural environment (3.1.13).

3.1.12
induced environment
conditions external to a system generated as a result of the operation of the system

3.1.13

natural environment

conditions generated by the forces of nature and the effects of which are experienced by a system when
it is at rest as well as when it is in operation

© ISO 2018 - All rights reserved 3
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3.1.14

preconditioning
climatic and/or mechanical and/or electrical treatment procedure which may be specified for a
particular system so that it attains a defined state

3.1.15

conditioning
climatic and/or mechanical and/or electrical conditions to which a system is subjected in order to
determine the effect of such conditions upon it

3.1.16
excitation

stimulus
external forg

3.1.17
response

<system> oufput quantity of a system

ljility
lity function

3.1.18

transmissi
tranmissibi
dimensionle

Note 1 to entr]

3.1.19
overshoot
maximum tr

Note 1 to entl
input, such th
exceeds the v3

Note 2 to ent
overshoot. Th

3.1.20
undershoot
minimum tr4

Note 1 to ent
input, such th
than the valug

Note 2 to ent
undershoot. T

e (or other input) applied to a system that causes the system to respond in some-way]

s complex ratio of the response of a system in forced vibration to the excitation

y: The ratio may be one of forces, displacements, velocities Or*accelerations.

hnsient response that exceeds the desired response

y: If the output of a system is changed from a steady value A to a steady value B by varyi
at B is greater than A, the response is.said to overshoot when the maximum transient res
1lue B.

'y: The difference between the maxXimum transient response and the value B is the value
s is usually expressed as a pexcentage.

Insient response thabfalls below the desired response

y: If the output.of a system is changed from a steady value A to a steady value B by varyi
ht B is less than A, the response is said to undershoot when the minimum transient response
B.

y: The~difference between the minimum transient response and the value B is the value
his issusually expressed as a percentage.

ng the
ponse

of the

ng the
is less

of the

3.1.21
system

set of interrelated elements considered in a defined context as a whole and separated from their
environment

3.1.22

linear system
system in which the magnitude of the response is proportional to the magnitude of the excitation

Note 1 to entry: This definition implies that the principle of superposition can be applied to the relationship
between the output response and the input excitation.
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3.1.23
mechanical system
system comprising elements of mass, stiffness and damping

3.1.24
foundation
structure that supports a mechanical system

Note 1 to entry: It can be fixed in a specified reference frame or it can undergo a motion.

3.1.25
seismic system

syste
with

Note 1
damp

Note 2

m consisting of a mechanical system attached to a reference base by one or more flexi
lamping normally included

ng.

to entry: The natural frequencies of the mass as supported by the flexible-elements are rel

seism]c systems associated with displacement or velocity transducers, and are,relatively high fq
transducers, as compared with the range of frequencies to be measured.

Note 3 to entry: When the natural frequency of the seismic system iSAdow relative to the frequ
interept, the mass of the seismic system may be considered to be at restover this range of frequend
3.1.26

equivalent system

system that can be substituted for another system for:the purpose of analysis

Note 1 to entry: Many types of equivalence are common in vibration and shock technology:

a) aftorsional system equivalent to a translational system;

b) anelectrical or acoustical system equivalént to a mechanical system, etc.;

c¢) efuivalent stiffness;

d) efjuivalent damping.

3.1.2¢

degrees of freedom

DOF

minithum number 6f)generalized coordinates required to define completely the config
mechhnical system

Note 1 to entrys. This applies to mechanical systems, not to be confused with statistical degrees of
3.1.28

discrete’system

ble elements,

to entry: Seismic systems are usually idealized as single-degree-of-freedom systemis.with linear (viscous)

htively low for
r acceleration

lency range of
ies.

uration of a

reedom.

lumped parameter system
mechanical system in which the mass, stiffness and/or damping elements are discretely located

3.1.29
single-degree-of-freedom system

SDOF

system requiring only one coordinate to define completely its configuration at any instant

3.1.30

multi-degree-of-freedom system
system for which two or more coordinates are required to define completely the configuration of the
system at any instant

© ISO 2018 - All rights reserved
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3.1.31
continuous

018(E)

system

mechanical system in which the mass, stiffness and/or damping properties are spatially distributed
rather than discretely located

Note 1 to entry: The configuration of a continuous system is specified by a function of a continuous spatial
variable, or variables, in contrast to a discrete or lumped parameter system that requires only a finite number of
coordinates to specify its configuration.

3.1.32

centre of gravity
point through which the resultant of the weights of the component particles of a body passes without

resulting in 4§ moment given any orientation of that body with respect to a gravitational field

Note 1 to entrjy: If the field is uniform, the centre of gravity coincides with the centre of mass (3.1.33):

3.1.33

centre of mass
point of a body with reference to a Cartesian coordinate system where the first moment of the o
mass is equal to the first moments of mass of all points of that body

Note 1 to entr]

3.1.34

y: This is the point at which an object is in balance in a uniform gravitational field.

principal axes of inertia

three mutua
inertiaofas

Note 1 to enty]
axes and cent

Note 2 to entr]
(of the three s
balance axis o

3.1.35

moment of i
sum (integra
the square o

3.1.36

product of i
sum (integra
their distanc

3.1.37
stiffness
ratio of cha
deformation

Note 1 to entr

3.1.38
compliance

ly perpendicular axes intersecting each other at a given point about which the produ
blid body are zero

Fal principal moments of inertia.

y: In balancing, the term “principal inertiaaxis” is used to designate the one central princip
lich axes) most nearly coincident with the-shaft axis of the rotor and is sometimes referred to
r the mass axis.

nertia
1) of the product of the masses of the individual particles (elements of mass) of a bod
their perpendiculardistances from the axis of rotation

hertia
1) of the prodiict of the masses of the individual particles (elements of mass) of a bod
es from twio mutually perpendicular planes

o of forvonn (A +oain) 0 4 n tranclatianal (o

verall

cts of

y: If the point is the centre of mass of the body, theiaxes and moments are called central principal

hl axis
as the

y and

y and

mo-changn 1
TSC—UT 1TOTCC— (U coTrqutc)— co— o1 TS~ cratrgT— i crarnsracotar (Y

of an elastic element

y: See also dynamic stiffness (3.1.58).

reciprocal of stiffness

Note 1 to entr

y: See also dynamic compliance (3.1.57).

onal)
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3.1.39

neutral surface

neutral surface of a beam in simple flexure
surface in which there is no strain

Note 1 to entry: It should be stated whether or not the neutral surface is a result of the flexure alone, or whether
it is a result of the flexure and other superimposed loads.

3.1.40
neutral axis
neutral axis of a beam in simple flexure

line o

r plane in a beam where the longitudinal stress, tensile or compressive is zero

3.14
trang
math
invar

Note 1

|
fer function

bmatical representation of the relationship between the input and output”of a
ant system

to entry: A transfer function is usually a complex function defined as the ratio of the Laplace

the output to the input of a linear time-invariant system.

Note
(3.1.11

3.1.4]
comp
excitd

Note 1
calcul
syster]

Note 7
wavef]

3.1.4
comp

to entry: It is usually given as a function of frequency, and is usually a complex function
(), transmissibility (3.1.18) and transfer impedance (3.1.50).

p

lex excitation
tion expressed as a complex quantity with amplitude and phase angle

htions. The actual excitation and response arethe real parts of the complex excitation and r
h is linear, the concept is valid because superpesition holds in such a situation.

to entry: This term should not be confused with excitation by a complex vibration, or vibrat
brm. The use of the term “complex vibration” in this sense is deprecated.

B
lex response

response of a system expressed-as a complex quantity with amplitude and phase angle fro

excitd
Note 1

3.1.4
modd
vibra
natun

3.1.4

tion
to entry: See the notes under complex excitation (3.1.42).

i
1 analysis

ion analysis method that characterizes a complicated, linear system by its modes of
al freguencies, modal damping and mode shapes

linear time-

transforms of

. See response

to entry: The concepts of complex excitations and.tesponses were evolved historically in ordler to simplify

bsponse. If the

on of complex

m a specified

vibration, i.e.

D

modal matrix
linear transformation matrix which consists of the eigen vectors or modal vectors of a system

Note 1 to entry: It renders the system both inertially and elastically uncoupled, i.e. the modal mass and modal
stiffness matrices are transformed into diagonal matrices.

3.1.46
modal stiffness
stiffness element associated with a specified mode of vibration
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3.1.47
modal density
number of modes with respect to a given bandwidth

Note 1 to entry: Modal density is a measure widely used in structural dynamics as a diagnostic tool in assessing
vibration power flow in complex, structural systems. It can play a crucial role in determining changes in vibration
power flow that may be a precursor to fatigue failure in some part of the structure, or a metric used in structural
condition monitoring evaluations. In addition to these applications, it is a parameter required by the Statistical
Energy Analysis method for evaluating the high-frequency response of complex structures and in selecting
appropriate vibration-control methods and devices.

3.1.48

mechanical impedance

complex ratip of force to velocity at a specified point and degree-of-freedom in a mechanical systdm
Note 1 to entyjy: The force and velocity may be taken at the same or different points and degrees-of‘freedom in
the system unjdergoing simple harmonic motion.

Note 2 to enfry: In the case of torsional mechanical impedance, the terms “force” and “velocity” shopld be
replaced by “tprque” and “angular velocity”, respectively.

Note 3 to entrjy: In general, the term “impedance” applies to linear systems only.

Note 4 to entiy: The concept is extended to nonlinear systems where the terih{incremental impedance” is used
to describe a §imilar quantity.

3.1.49

direct mechanical impedance

driving point mechanical impedance

complex ratip of the force to velocity taken at the same;point or degree-of-freedom in a mechanical
system during simple harmonic motion

Note 1 to entrjy: See the notes under mechanical impedgnce (3.1.48).

3.1.50

transfer impedance

transfer mechanical impedance

complex ratip of the force applied at point i, in a specified degree-of-freedom in a mechanical system, to
the velocity gt another point j in a.specified direction or degree-of-freedom in the same system, during
simple harmpnic motion

Note 1 to entrfy: See the notesunder mechanical impedance (3.1.48).

3.1.51

free impeddnce

ratio of the applied,excitation complex force to the resulting complex velocity with all other connégction
points of the|sysStem free, i.e. having zero restraining forces

Note 1 to entry: Historically, often no distinction has been made between blocked impedance and free impedance.
Caution should, therefore, be exercised in interpreting published data.

Note 2 to entry: Free impedance is the arithmetic reciprocal of a single element of the mobility matrix. While
experimentally determined free impedances could be assembled into a matrix, this matrix would be quite
different from the blocked impedance matrix resulting from mathematical modelling of the structure and,
therefore, would not conform to the requirements for using mechanical impedance in an overall theoretical
analysis of the system.
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3.1.52

blocked impedance
impedance at the input when all output degrees of freedom are connected to aload of infinite mechanical
impedance

Note 1 to entry: Blocked impedance is the frequency-response function formed by the ratio of the phasor of the
blocking or driving-point force response at point i, to the phasor of the applied excitation velocity at point j, with
all other measurement points on the structure “blocked”, i.e. constrained to have zero velocity. All forces and
moments required to fully constrain all points of interest on the structure need to be measured in order to obtain
a valid blocked impedance matrix.

Note 2 to entry: Any changes in the number of measurement points or their location will change the blocked

impe

Note 3
using

ances at all measurement points.

to entry: The primary usefulness of blocked impedance is in the mathematical modelling
umped mass, stiffness and damping elements or finite element techniques. When combining

such mathematical models with experimental mobility data, it is necessary to convext the anal

imped

3.1.5
frequ
FRF

frequ
excite

Note 1

ance matrix into a mobility matrix or vice versa.

B
ency-response function

ency-dependent ratio of the motion-response Fourier transform to the Fourier tran
tion force of a linear system

to entry: Excitation can be harmonic, random or transient functions of time. The test results

one tylpe of excitation can thus be used for predicting the respornse of the system to any other type

Note 2
frequg
effect

3.1.5
mobi
mech
comp
anoth

Note ]
at poi
other

Note 2

Note ]
either

Note 4

to entry: Motion may be expressed in terms of velocity, acceleration or displacement; the
ncy-response function designations are mobility, accelerance and dynamic compliance
ve (i.e. apparent) mass and dynamic stiffness, respectively (see Table 1).

1
ity

anical mobility

ex ratio of the velocity, taken at a point in a mechanical system, to the force, taken a
er point in the system

to entry: Mobility is the ratio of the complex velocity-response at point i to the complex e;
it j with all other measurement points on the structure allowed to respond freely without a
than those constraints'which represent the normal support of the structure in its intended a

to entry: The'term “point” designates both a location and a direction.

to entryt The velocity response can be either translational or rotational, and the excitatio
arectilinear force or a moment.

to-entry: If the velocity response measured is a translational one and if the excitation for

of a structure
or comparing
ytical blocked

sform of the
obtained with
of excitation.

orresponding
r impedance,

[ the same or

kcitation force
ly constraints
pplication.

h force can be

ce applied is a

1)

rectili

£l ik £l Tilitoy & HIRN LLN
TCaT OTIC e O CS OT CraC IO UTITC Yy COT T v it O T/ IV 5+

Note 5 to entry: Mechanical mobility is the matrix inverse of mechanical impedance.
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3.1.55

018(E)

direct mobility

direct mech

anical mobility

driving point mobility
driving point mechanical mobility
complex ratio of velocity and force taken at the same point in a mechanical system

Note 1 to entry: Driving-point mobility is the frequency-response function formed by the ratio, in metres per
newton second, of the velocity-response complex amplitude at point j to the excitation force complex amplitude
applied at the same point with all other measurement points on the structure allowed to respond freely without
any constraints other than those constraints which represent the normal support of the structure in its intended

application.

3.1.56

transfer mopility

transfer me
mechanical 1

3.1.57

chanical mobility

dynamic comnpliance

frequency-de
spectral den

3.1.58

dynamic sti
dynamic ela
dynamic sp1
complex rati
same or anot

Note 1 to entr
temperature d

Note 2 to ent
characterized

d?x
m—-+
de?

where F = Fy {

is equal to

5ity, of the force

ffness
stic constant
ing constant

her point in the system
r other conditions.

by the equation

‘d—x+kx:F
dt

iwtand x = xoelwt

+ 2ig

L ke mw? + ioc = k 1[3
20

w]
2

hobility where the velocity and the force are considered at different points.of the sysfem

pendent ratio of the spectrum, or spectral density, of the displacement to the spectrym, or

p of the force, taken at a point in a mechanical system, to the displacement, taken pat the

y: The dynamic stiffness may be dependent@pon the strain (amplitude and frequency), straih-rate,

'y: The complex dynamic stiffness] k¥ of a linear translational single-degree-of-freedom gystem

10

is the linear (viscous) damping coefficient;
is the base of natural logarithms;

is the force amplitude;

Ny

is the elastic (spring) constant;

is the mass;
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t is the time;
X is the displacement;
X0 is the displacement amplitude;

c is the damping ratio;

w is the angular frequency;

ISO 2041:2018(E)

cl) is the natural angular frequency.
e
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Figure 1 — Mobility plot
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Figure 2 — Accelera%b@nagnitude plot corresponding to the mobility graph plotted in Figure 1
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Figure 3 — Dynamie'compliance magnitude plot corresponding to the mobility graph plotted in
Figure 1

3.1.59
dynamic mass
complex ratio of force to acceleration

3.1.60

accelerance

frequency-dependent ratio of the spectrum, or spectral density, of the acceleration to the spectrum, or
spectral density, of the force

3.1.61
spectrum
description of a quantity as a function of frequency or wavelength
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3.1.62
level
<quantity> logarithm of the ratio of a quantity to a reference of the same kind

Note 1 to entry: The levels are normally defined in terms of base 10 logarithm. Otherwise, the base of the
logarithm is specified.

Note 2 to entry: Examples of kinds of levels in common use are electric-power level, sound-pressure level, and
voltage level.

Note 3 to entry: The level of sound-pressure, voltage or other field quantity, F, is normally:

[ 20
A\

1 /8 pVA PR
5 T710)
The level of electric-power or another power quantity, P, is normally:
P=101g (P/Po)

Note 4 to entry: A difference in the levels of two like quantities g1 and g is described by the [same formula
becaupe, by the rules of logarithms, the reference quantity is automatically dividédyout as follows:

lcgrq_l - logrq_z =10grq_1
4o do qz

Note § to entry: In vibration terminology, the term “level” is sometifues used to denote amplitude, pverage value,
root-miean-square value or ratios of these values. These uses are deprecated.

3.1.68
bel
unit df level when the base of the logarithm is 10

Note 1 to entry: Use of the bel is restricted to levels of quantities proportional to power. See also the notes under
level (B.1.62) and decibel (3.1.64).

3.1.64
decibel
dB
one t¢nth of a bel

Note 1 to entry: The magnitude of a level in decibels is 10 times the logarithm to the base 10 of the fratio of power
quantjties, i.e., sound energy)density

2
=101gX—2
Xy

~

or the|ratioffield quantities, i.e., displacement

L—?n]gi

X

Note 2 to entry: Examples of quantities that qualify as power quantities are sound-pressure squared, particle-
velocity squared, sound intensity, sound-energy density and voltage squared. However, it is common practice to
shorten this to sound-pressure level because ordinarily no ambiguity results from so doing.

3.2 Terms for vibration

3.21
vibration
mechanical oscillations about an equilibrium point

Note 1 to entry: The oscillations may be periodic or random.
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Note 2 to entry: See oscillation (3.1.10).

3.2.2
periodic vib

ration

vibration where the values of the vibration parameter recur within certain time intervals of equal
duration of the independent variable time

Note 1 to entry: A periodic quantity, y, which is a function of time, t, can be expressed as:

y=ft) =f{t £ nT)
where
n isan|integer;
t is the¢ independent variable time;
T isth¢ period.

Note 2 to entr]

3.2.3
simple har
sinusoidal
periodic vibr
of the indepse

Note 1 to entr]

Y = Yo sir
where

y isth

yo isth

w isth

t isth

@o isth

Note 2 to enty
which is a mu

the term “coniplex vibration” in this context is deprecated.

y: A quasi-periodic vibration is a vibration which deviates only slightly frem.a periodic vibra

onic vibration

ibration

tion where the values of the vibration parameters can bedescribed as sinusoidal fun
ndent time variable

y: Simple harmonic motion can be described as:

(0t +¢,)

e simple harmonic vibration;

b amplitude;

e angular frequency;

b independent variabletime;

e initial phaseangle of the vibration.

y: A perigdijc vibration consisting of the sum of more than one sinusoid, each having a fred
tiple of-the fundamental frequency, is often referred to as a multi-sinusoidal vibration. The

fion.

Ctions

uency
use of

Note 3 to ent

Fy A qn:qqi-cinnqnida] vibration has the appearance of a sinnsoid_but varies relatively slo

frequency and/or in amplitude.

3.2.4

random vibration

stochasticv

ibration

vibration where the instantaneous value cannot be predicted

ly in

Note 1 to entry: The probability that the magnitude of a random vibration is within a given range can be described
by a probability distribution function.

3.2.5

angular vibration
vibration associated with the three rotational degrees of freedom of a point on a body

16
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3.2.6
torsional vibration
periodic vibration caused by an object twisting about its own axis

Note 1 to entry: See angular vibration (3.2.5).

Note 2 to entry: This term is commonly used when referring to the rotation of shafts in the plane of the shaft
cross-section.

3.2.7
angular displacement
displacement of a body, characterized by one of its rotational degrees of freedom

3.2.8
angular velocity
veloc]ty of a body, characterized by one of its rotational degrees of freedom

3.29
angular acceleration
accelgration of a body, characterized by one of its rotational degrees of ffeedom

3.2.10
non-ytationary vibration
vibration with time-dependent statistical properties

3.2.11
statignary vibration
vibration that has statistical characteristics that do not change with time

Note 1 to entry: The amplitude does not increase or décrease with time.
Note 7 to entry: The vibration can be deterministic’or random.

3.2.1p
noise
undegired signal, generally of a random nature, the spectrum of which does not exhibit clgarly defined
frequency components

Note 1 to entry: Noise can agise ffom many sources, including loose electrical connections, ground loops, poorly
mounted sensors and tribeelectric effects.

Note 2 to entry: If ambiguity exists as to the nature of the noise, a term such as “acoustic noise’| or “electrical
noise’|should be uséd-

3.2.18
rand¢m neise

stochastic noise

noiselforwhich the instantaneous value cannot be predicted

Note 1 to entry: See random vibration (3.2.4) and the accompanying note.

3.2.14

Gaussian random vibration

Gaussian stochastic vibration

random vibration whose instantaneous magnitudes have a Gaussian distribution

3.2.15

white random vibration

white stochastic vibration

vibration that has equal energy for any frequency band of constant width over the spectrum of interest
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3.2.16

pink random vibration
pink stochastic vibration
vibration that has a constant energy within a bandwidth proportional to the centre frequency of the band

Note 1 to entry: The energy spectrum of pink vibration as determined by an octave bandwidth (or any fractional
part of an octave bandwidth) filter has a constant value.

3.2.17

narrow-band random vibration
narrow-band stochastic vibration
random vibration having its frequency components within a narrow band only

Note 1 to enti
involved. It is

Note 2 to ent
amplitude and

Note 3 to entr]

3.2.18

broad-band
broad-band
random vibr

Note 1 to ent
involved. It is

Note 2 to entr]

3.2.19
dominant fn
frequency at

3.2.20
steady-state
continuous v

3.2.21
transient vi
vibration, ty

Note 1 to entr]

3.2.22
forced vibr4g

y: The definition of what is meant by “narrow” is a relative matter depending upon the pf
lisually equal to or less than one-third octave.

ry: The waveform of a narrow-band random vibration has the appearance ofl'a sine wat
phase of which vary in an unpredictable manner.

y: See random vibration (3.2.4).

random vibration
stochastic vibration
htion having its frequency components distributed over a‘broad frequency band

'y: The definition of what is meant by “broad” is a relative matter depending upon the pr
isually one octave or greater.

y: See random vibration (3.2.4).

equency
which a maximum value occurs inan amplitude spectrum

vibration
ibration that has on average reached equilibrium

bration
bically of short/duration, that decays with time

y: This term\is-basically associated with mechanical shock (3.3.1).

tioh

vibration of {

oblem

re, the

oblem

| system due to an external time-dependent force

Note 1 to entry: The vibration (for linear systems) has the same frequencies as the excitation.

3.2.23

free vibration
vibration of a system that occurs after the removal of excitation or restraint

Note 1 to entry: A linear system vibrates as a linear combination of natural modes.

18
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3.2.24
non-linear vibration
vibration of a system which has a non-linear response and can only be described by non-linear

differ

ential equations

Note 1 to entry: In a nonlinear system, the relationship between cause and effect is no longer proportional and
the principle of superposition does not hold for their solution.

3.2.25
longitudinal vibration
vibration along the longitudinal axis in an elastic body

3.2.2
self-i
self-¢
vibra
excitd

3.2.2
ambi

all-encompassing vibration associated with a given environment ustally a composite vi

many

3.2.2
extra
total

Note 1

3.2.2

aperiodic vibration

vibra

3.2.3
jump
phen

excita

3.2.3
cycle
comp

repeating itself idéntically

Note 1

3.2.3

b
hduced vibration

xcited vibration

ion of a mechanical system resulting from conversion, within the system, of.energy
tion

7
ent vibration

surrounding sources

B
neous vibration
ibration other than the vibration of principal interest

to entry: Ambient vibration contributes to the magnitude of extraneous vibration.

D

ion that is not periodic

D

menon where the vibration:iesponse changes suddenly due to a small change in fre
tion force

il
noun
ete range of states or values through which a periodic phenomenon or function g

to entry:\See cycle, verb (3.2.111).

D

fundamental period

o oscillatory

bration from

quency of an

asses before

period

smallest interval of time for which a periodic function repeats itself

Note 1 to entry: If no ambiguity is likely, the fundamental period is called the period.

Note 2 to entry: See periodic vibration (3.2.2).

3.2.33
frequency
reciprocal of the period

Note 1 to entry: The unit of frequency is the hertz (Hz), which corresponds to one cycle per second.

© ISO 2018 - All rights reserved
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3.2.34

fundamental frequency
frequency which may be equal to the lowest natural frequency of an undamped linear vibration system

or identified

as the base frequency of which there exists harmonic or sub harmonic components

Note 1 to entry: The normal mode of vibration associated with the lowest natural frequency is known as the
fundamental mode.

Note 2 to entry: See natural frequency (3.2.88).

3.2.35
harmonic

DEPRECATE
harmonic vili

Note 1 to ent
called the (n

3.2.36

:overtone
ration, the frequency of which is an integral multiple of the fundamental frequeney

y: The term “overtone” has frequently been used in place of harmonic, the nth harmonic
1)th overtone.

sub harmonlic

harmonic vili
the quantity

3.2.37
harmonic e

ration, the frequency of which is an integral sub-multiple of thefundamental freque
to which it is related

ccitation

sinusoidal excitation

3.2.38
beats

periodic vari
of slightly di

Note 1 to entr]

3.2.39
beat freque
absolute valu

3.2.40

ation in the magnitude of an oscillation resudting from the combination of two oscill
ferent frequencies

y: The beat occurs at the different frequency.

ncy
e of the difference in frequency of two oscillations of slightly different frequencies

angular frequency

pulsatance
product of th

Note 1 to entr]

3.2.41
phase angle

e frequency ef‘\a/sinusoidal quantity and the factor 2

y: The unitof angular frequency is the radian (rad) with respect to time.

being

ncy of

itions

1

s

angle of a comn

3.2.42

Blasz 3 BAB wibickh o rack 1rz o clifr o0 4o D Girx macey oz
TPTCATCSPOTISCWITNTCIT CITaT aCTCTTZC S SITIT U T tricata grv CIr it CqucTIcy

phase difference

phase angle

difference

difference between the respective phases of two harmonic vibrations of the same frequency or, in the
case of sinusoidal vibrations, between their phase angles measured from the same origin

3.2.43
amplitude
magnitude, s

20

ize or value of a quantity
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3.2.44

peak value

peak magnitude

positive peak value

negative peak value

maximum value of a vibration during a specified time interval

Note 1 to entry: A peak value vibration is usually taken as the maximum deviation of that vibration from the
mean value. A positive peak value is the maximum positive deviation and a negative peak value is the maximum
negative deviation.

3.2.45

peakito-peak value
<vibrption> difference between the maximum positive and maximum negative values df a vibration
durinig a specified interval

Note 1 to entry: The magnitude is dependent upon the measurement system response-oririse time (3.3.18).

3.2.4p
excursion

total excursion

<vibrption> peak-to-peak displacement

3.2.4y
crest|factor
<vibrption> ratio of the peak value to the rms value

Note 1 to entry: The value of the crest factor of a sine wave'is J2.

3.2.48
form|factor
<vibrption> ratio of the rms value to the meéan value for one-half cycle between two su¢cessive zero
cross|ngs

Note ] to entry: The form factor for asinusoid is TE/(Z\/E ) =1,111.

3.2.49
instaptaneous value
valuelof a variable quantity-at a given instant

3.2.5D
maximax
maximum value that is of greatest magnitude when a function contains more than one majximum value
withih a series'of given intervals of the independent variable

3.2.51
vibratien severity
value, or set of values, such as a maximum value, average or rms value, or other parameters that are
descriptive of the vibration, referring to instantaneous values or to average values

Note 1 to entry: Vibration severity is a generic term, which in the past has been used in relation to vibration
velocity. However, it is now more generally used as descriptive of other measurement units such as displacement
acceleration, etc.

Note 2 to entry: Vibration severity of a machine is defined as the maximum value of the vibration measured at a
number of different points on that machine, such as shafts, bearings or other parts of a machine structure.

Note 3 to entry: The duration of a vibration is sometimes included as a parameter descriptive of vibration
severity. This usage is deprecated.
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3.2.52

elliptical vibration
vibration in which the locus of a vibrating point is elliptical in form

3.2.53

rectilinear vibration
linear vibration
vibration in which the locus of a vibration point is a straight line

3.2.54

circular vibration

vibration in

Note 1 to entr]

3.2.55

translationg

motion of a
characterize

Note 1 to ent
function of tin

3.2.56

rotational nmpotion

motion of a k
rotation abo

Note 1 to ent]
function of tin

3.2.57

node

point, line o
amplitude

3.2.58

antinode
point, line or
field has a pd

3.2.59

mode of vib
<system und
pattern of a §

vhich the locus of a vibrating point is circular in form

y: This is a special case of elliptical vibration.

I motion
point on a body that represents a linear change in its spatial céordinates, u
d by a local set of coordinates in the x-y-z directions

y: For the case of translational vibration, changes in its spatial coordinates are monitore
he.

ody that represents a change in its three local rotational or angular coordinates, i.e
It the x-axis, y-axis and z-axis

ry: For the case of rotational vibration, changestin its angular coordinates are monitore
he.

" surface in a mechanical system;where some characteristic of the wave field has

surface in a mechanical system where the magnitude of some characteristic of the
ak value

Fation
ergoingibration under harmonic excitation> characteristic, simple harmonic vib
ystem undergoing harmonic excitation

Note 1 to entr]

sually

d as a

pure

d as a

Zero

wave

Fation

y<Two or more modes may exist concurrently in a multi-degree-of-freedom system.

3.2.60

natural mode of vibration
mode of vibration assumed by a system when vibrating freely at a natural frequency

Note 1 to entry: If the system has zero damping, the natural modes are the same as the normal modes. See
undamped natural mode (3.2.66).

Note 2 to entry: This is also called the eigenmode or eigen mode.

Note 3 to entry: Natural mode of vibration is a product of mode of vibration and harmonic function having a
natural frequency, damping, mode shape and modal mass.

Note 4 to entry: The number of natural modes of vibration of a system is the same as the number of degrees of

freedom.

22
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3.2.61
fundamental natural mode of vibration
mode of vibration of a system having the lowest natural frequency

Note 1 to entry: See fundamental frequency (3.2.34).

3.2.62
mode shape

shape of a natural mode of vibration of a mechanical system, given by the maximum change in position,
usually normalized to a specified deflection magnitude at a specified point, of its neutral surface (or

neutral axis) from its mean value

Note 1 to entry: The mean value is the mean for the given mode of vibration only.

3.2.6
mod3l number
integér characterizing modes in a multi-degree-of-freedom system

3.2.6

coupled modes

modefs of vibration that influence one another because of energy transfer from one mod
through damping

Note 1 to entry: An energy transfer results from the neighbouring natural frequencies.

3.2.6p
uncofipled modes

modep of vibration that are independent from one another because there is no energy tran
mode|to another

Note 1 to entry: No energy transfer between the modes is observed.

3.2.6p
undamped natural mode
naturl mode of an undamped mechanical system

Note 1 to entry: The motion of a syStem consists of the summation of the contribution of each of the
normgl modes.

» o«

Note P to entry: The terms—“natural mode”, “characteristic mode” and “eigen mode” (or “eig
synonymous with “norntal®mode for undamped systems.

3.2.6
damped natural'mode
naturfal mode of'a damped mechanical system

3.2.6

e to another

Lfer from one

participating

enmode”) are

wavelirain

succession of a limited number of waves, usually nearly periodic, travelling at the same (or nearly the

same) velocity

3.2.69
wavelength

<periodic wave> distance in the direction of propagation of a sinusoidal wave between two successive

points where at a given instant in time the phase differs by 2

[SOURCE: ISO 80000-3:2006, 3-17]
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3.2.70
compressional wave
wave of compressive or tensile stresses propagated in an elastic medium

Note 1 to entry: A compressional wave is normally a longitudinal wave (3.2.71).

3.2.71
longitudinal wave
wave in which the particle displacement is in the direction of propagation

3.2.72
shear wave
wave of shealr stresses propagated in an elastic medium

Note 1 to entrjy: A shear wave is normally a transverse wave (3.2.73).
Note 2 to entrfy: A shear wave causes no changes in volume.

3.2.73
transverse wyave
wave in whidh the particle displacement is perpendicular to the direction of wave propagation

3.2.74

surface wa
Rayleigh wave
wave associdted with the free boundary (or interface between twe.media) of a solid such that a surface
or interface particle describes an ellipse whose major axis is narmal to the surface and whose cenptre is
at the undisturbed surface

Note 1 to entfy: At maximum particle displacement away frem the solid surface, the motion of the particle is
opposite to thpt of the wave.

3.2.75
wave front
locus of points of a progressive wave having the same phase at a given instant

Note 1 to entrfy: A wave front for a surface'wave is a continuous line.

3.2.76
plane wave
wave in whigh the wave fronts-are parallel planes

3.2.77
spherical wave
wave in whidh the wave fronts are concentric spheres

3.2.78
standing wave
wave having a fixed amplitude distribution in space

Note 1 to entry: A standing wave can be considered to be the result of superposition of opposing progressive
waves of the same frequency and kind.

Note 2 to entry: Standing waves are characterized by nodes and antinodes that are fixed in position.

Note 3 to entry: A partial standing wave can be considered to be the result of superposition of opposing
progressive waves of the same frequency.

3.2.79
audio frequency
any frequency contained in a normally audible sound

Note 1 to entry: Audio frequencies generally lie between 20 Hz and 20 000 Hz.
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3.2.80

resonance

state of a system in forced oscillation when any change, however small, in the frequency of excitation
causes a decrease in a response of the system

Note 1 to entry: If the phase angle between the excitation force and output vibration displacement can be
measured, the resonance occurs at the frequency when the phase angle between the excitation force and
vibration velocity is zero degree.

3.2.81
resonance frequency
frequency at which resonance exists

Note 1 to entry: Resonance frequencies may depend upon the measured variables, for example vele¢ity resonance
may orcur at a different frequency from that of displacement resonance (see Table 2).

Note 2 to entry: To avoid confusion, the type of resonance needs to be indicated, for example velog¢ity resonance
frequgncy (see Table 2).

3.2.8p
antirpsonance
state |of a system in forced oscillation at a point when any change, iowever small, in the|frequency of
excitdtion causes an increase in a response at this point

3.2.88
antirpsonance frequency
frequpncy at which antiresonance occurs

Note [ to entry: Antiresonance frequencies may depefd upon the measured variable, for exgmple velocity
antiresonance may occur at a different frequency fronithat of displacement antiresonance.

Note P to entry: To avoid confusion, the type.6f antiresonance needs to be indicated, for exgqmple velocity
antiresonance frequency.

3.2.8¢
fixedtbase natural frequency
naturpl frequency that a systemwould have if the foundation to which the equipment is attached is
rigid and of infinite mass

Note 1 to entry: The equatjon-given in Table 2 and the natural frequencies shown are for fixed-bas¢ conditions.

3.2.8p
resonance speed

critidal speed

characteristic.speed at which resonances of a system are excited

Note ] to"entry: Resonance speed of a rotating system is a speed of the rotating system that coiresponds to a
resonance frequency (it may also include multiples and submultiples of the resonance frequency) of the system, for
example speed in revolutions with respect to time equals the resonance frequency in cycles with respect to time.

Note 2 to entry: Where there are several rotating systems, there are several corresponding sets of resonance
speeds, one for each mode of the overall system.

3.2.86

subharmonic response

subharmonic resonance response

response of a mechanical system exhibiting some of the characteristics of resonance with a period that
is an integer multiple of the period of excitation
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3.2.87
damping
dissipation of energy with time or distance

Note 1 to entry: In the context of vibration and shock, damping is the progressive reduction of the amplitude
with time.

3.2.88
natural frequency
<mechanical system> frequency of free vibration of an undamped linear vibration system

[k

Note 1 to entry-Fortheequationmof motiomrgiverrim fabte 2 the maturatfrequency is \m.
TYm

3.2.89
damped natural frequency
frequency offfree vibration of a damped linear system

Note 1 to entrfy: See Table 2.

3.2.90
linear damping

viscous danjping
damping whiich occurs due to a force which is proportional to and-in the opposite direction {o the
velocity

Note 1 to entrfy: An element that generates linear (viscous) damping is,often referred to as a dashpot (3.2.94).

3.2.91
equivalent linear damping

equivalent viscous damping
value of linegr (viscous) damping, assumed for the purpose of analysis of a vibratory motion, such that
the dissipatipn of energy per cycle at resonanceis-the same for the assumed as well as for the gctual
damping forge

3.2.92
linear damping coefficient
viscous danjping coefficient
ratio of damping force to velocity

Note 1 to entrjy: See linear (viscaus)damping (3.2.90).

3.2.93
hysteresis damping
structural damping
energy losse$ within a structure that are caused by internal friction within the structure

Note 1 to entriyzByna

: ping
and internal friction.

Note 2 to entry: Represented by a damping force 90 degrees out of phase with the restoring force. Static hysteresis
is nonlinear with stress-strain laws that are insensitive to time, stress rate and strain rate, and includes plastic
and plastic flow.

Note 3 to entry: These losses are independent of the frequency of oscillation but are proportional to the vibration
amplitude squared.

3.2.94
dashpot
resistance element in a mechanical system associated with linear (viscous) damping in linear systems

Note 1 to entry: This resistance force is proportional to the velocity but more correctly contains a dynamic force
term proportional to the square of velocity.
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3.2.95

critical damping

critical linear damping

critical viscous damping

<single-degree-of-freedom system> amount of damping which corresponds to the limiting condition
between an oscillatory and a non-oscillatory transient state of free vibration

Note 1 to entry: The critical damping coefficient, c, is equal to ¢, =2vmk =2mw, for the single-degree-of-

freedom system represented by the equation given in Table 2, where wy is the natural frequency (angular). See
natural frequency (3.2.88).

"}

3.2.9
damping ratio
ratio pf the actual damping coefficient to the critical damping coefficient

Note ] to entry: The fraction of critical damping may also be expressed in terms of percentage [of the critical
damping.

Note 7 to entry: See linear (viscous) damping coefficient (3.2.92) and critical damping (3.2.95).

3.2.97
logarjithmic decrement
naturil logarithm of the ratio of any two successive maximum values of a vibration in a single-degree-
of-freedom system at a damped natural frequency

3.2.98
non-linear damping
dampjing due to a force or moment which is not proportional to and is in the opposite direction to the
veloclty

3.2.99
Q factor
quantity characterizing the amplification.of a vibration at resonance

Note 1 to entry: The quantity Q is equalto one-half of the reciprocal of the damping ratio, Q =c,/2¢.

3.2.100

vibration generator
vibr%ion machine
vibration exciter
machjne that is specifieally designed for, and is capable of, generating vibrations and of imparting these
vibrations to othet/structures or devices

Note 1 to entry:Equipment to be tested may be attached to a table on the generator or the generatdr may be used
to exc|te equipment by means of studs without the use of a table.

3.2.10%1
vibration generator system
vibration generator and associated equipment necessary for its operation

3.2.102

electrodynamic vibration generator

electrodynamic vibration machine

vibration generator that derives its vibratory force from the interaction of a magnetic field of constant
value, and a coil of wire contained in it that is excited by a suitable alternating current

Note 1 to entry: The moving element of an electrodynamic vibration generator includes the vibration table, the
moving coil and all the parts of the generator that are intended to participate in the vibration.
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3.2.103

electromagnetic vibration generator

electromagnetic vibration machine

vibration generator that derives its vibratory force from the interaction of electromagnets and magnetic
materials

3.2.104

mechanical direct-drive vibration generator
direct-drive vibration generator

vibration generator in which the vibration table is forced, by a positive linkage, to undergo a
displacement amplitude of vibration that remains essentially constant regardless of the load or
frequency ofeperation

3.2.105
hydraulic v:lPration generator
vibration geferator that derives its vibratory force from the application of a liquid pressure thrqugh a
suitable drive arrangement

3.2.106
mechanical[reaction vibration generator
unbalanced|mass vibration generator

vibration genjerator in which the forces exciting the vibration are generatéd by rotating or reciprog¢ating
unbalanced masses

3.2.107
resonance Vlibration generator
vibration genjerator that contains a vibration system that is eXcited at its resonance frequency

3.2.108
piezoelectric vibration generator
vibration genjerator that has a piezoelectric transducer as its force-generating element

3.2.109
magnetostrfctive vibration generator
vibration gerjerator that has a magnetosttictive transducer as its force-generating element

3.2.110
deadweight
pure mass
lumped mags
mass having|the characteristics of a perfectly rigid mass over the frequency region of concern

3.2.111
cycle, verb
repetitively ¢perate a device through a range of a controlled variable such as frequency

Note 1 to ent . SCC b_)’bl’c, ITUUII (3-2-d1)-

3.2.112
cycle period
duration to cycle a device through all the controlled variables in the control range

3.2.113

cycle range

range defined by the minimum and maximum values of the controlled variable, such as frequency,
between which the device is cycled

3.2.114

sweep

(vibration generator system) the process of traversing continuously through a range of values of an
independent variable, usually frequency
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3.2.115
sweep rate
rate of change of the independent variable, usually frequency

EXAMPLE The sweep rate can be described as: df/dt where fis frequency and t is time.

3.2.116

uniform sweep rate

linear sweep rate

sweep rate for which the rate of change of the independent variable for a sweep, usually frequency, is
constant, i.e. df/dt = constant

Note 1 to entry: See sweep rate (3.2.115).

3.2.117

logariithmic sweep rate
frequency sweep rate
sweep rate for which the rate of change of frequency with respect to frequency is constant, i.e. (df/f)/
dt = cpnstant

Note 1 to entry: For a logarithmic sweep rate, the time to sweep between any two frequencies of fixed ratio is
constgnt.

Note 7 to entry: The logarithmic sweep rate should be expressed in.octaves per minute.
Note 3 to entry: See sweep rate (3.2.115).

3.2.118

crossover frequency
(vibrgtion environmental testing) frequency at which a characteristic of a vibration changes from one
relatipnship to another

EXAMPLE A crossover frequency may belthat frequency at which the vibration amplitude,|or rms value,
changps from a constant displacement value\vérsus frequency to a constant acceleration value vergus frequency.

3.2.119
isolator
suppgrt, usually resilient, the function of which is to attenuate the transmission of ghock and/or
vibration

Note 1 to entry: An isolater'may include collapsible parts, servo-mechanisms or other devices in lieu of, or in
additipn to, the resilient member.

3.2.120
vibration isolator
isolatpr designed to attenuate the transmission of vibration in a frequency range

3.2.12%
shock isolator
isolator designed to protect a system from a range of shock motions or forces

3.2.122
elastic centre
point of intersection of three principal directions of deformation in elastic mounts

Note 1 to entry: This definition applies to the case where the mount size is small compared to the size of the
machine or equipment to which it is attached.

Note 2 to entry: The principal direction of an elastic mount is the direction where the deflection occurs due to a
force input.
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3.2.123

centre-of-gravity mounting system
mounting system where, when the mounted equipment is displaced by translation from its neutral
position, there is no resultant moment about any axis through the centre of mass

Note 1 to entry: If a piece of equipment is supported by a centre-of-gravity mounting system, all translational and
rotational modes of vibration of the equipment on its mounts are decoupled.

Note 2 to entry: A centre-of-gravity mounting system is one where the centre-of-gravity of the mounted
equipment coincides with the elastic centre (3.2.122) of the mount.

3.2.124

shock absor
device for th
applied shoc

3.2.125
damper
(vibration
dissipation

3.2.126
snubber
device used
an elastic el
becomes larg

3.2.127

dynamic vih
device for re
energy to an|
opposite in p

Note 1 to ent
purpose.

Note 2 to enty
neutralizers 4

3.2.128
detuner

auxiliary vibratory system'with an amplitude-dependent frequency characteristic which modifi

vibration cha

EXAMPLE

aiplications) device used for reducing the magnitude of a shock or-vibration by e

er
e dissipation of energy in order to reduce the response of a mechanical system
K

ethods

[0 restrict the relative displacement of a mechanical system by increasing the stiffn|
bment in the system (usually abruptly and by a large factor) whenever the displact
er than a specified amount

ration absorber

ducing vibrations of a primary system overa desired frequency range by the trans
auxiliary system in resonance so tunedythat the force exerted by the auxiliary syst
hase to the force acting on the primary system

'y: Dynamic vibration absorbers may*be damped or undamped, but damping is not the pr

y: Dynamic vibration absorbers without damping elements are also known as dynamic vib
s they reflect the energy badk towards the source and do not absorb.

racteristics,0f the main system to which it is attached

An auxiliary mass controlled by a nonlinear spring.

3.3 Terms

o the

hergy

ess of
bment

fer of
em is

imary

ration

bs the

for mechanical shock

3.3.1
shock

sudden change of force, position, velocity or acceleration that excites transient disturbances in a system

Note 1 to entry: The change is normally considered sudden if its duration is short compared with the fundamental
periods of concern.

3.3.2
shock pulse

excitation event characterized by a sudden rise and/or sudden decay of a time-dependent parameter

Note 1 to entry: A descriptive mechanical term should be used, for example acceleration shock pulse.

Note 2 to entry: A shock pulse may also be characterized by its motion, force or velocity.

30
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3.3.3
shock motion
transient motion causing, or resulting from, a shock excitation

3.34
impact
single collision of two bodies

3.3.5
impulse
integral with respect to time of a force taken over the time during which the force is applied

Note 1 to entry: In shock usage, the time interval is relatively short.
Note 7 to entry: For a constant force, it is the product of the force and the time during whichythe force is applied.

Note 3 to entry: Excitation due to an instant force is referred to as impulse excitation.

bump
form pf shock that is repeated many times for test purposes

3.3.7
ideal|shock pulse
shocl pulse that is described by a simple time function

EXAMPLE See those defined in 3.3.8 to 3.3.14.

3.3.8
half-gine shock pulse
shocK pulse for which the time-history curve has'the shape of the positive (or negative) spection of one
cycle jof a sine wave

3.39
final peak sawtooth shock pulse

termjnal peak sawtooth shock pulse
shocl pulse for which the time=history curve has a triangular shape for which the motion increases
linearfly to a maximum value @nd then drops instantaneously to zero

3.3.10
initigl peak sawtooth-shock pulse
shocld pulse for which the motion rises instantaneously to a maximum value, after which it decreases
linearly to zero

3.3.11
symmetrical triangular shock pulse
shocK pudse for which the time-history curve has the shape of an isosceles triangle

3.3.12

versine shock pulse

haversine shock pulse

shock pulse for which the time-history curve has the shape of one full cycle of a versine curve beginning
at zero (sine-squared curve)

3.3.13

rectangular shock pulse

shock pulse for which the motion rises instantaneously to a given value, remains constant for the
duration of the pulse, then instantaneously drops to zero
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3.3.14
trapezoidal

shock pulse

shock pulse for which the motion rises linearly to a given value, which then remains constant during a
time interval after which it decreases to zero in a linear manner

3.3.15

nominal shock pulse
nominal pulse
specified shock pulse that is given with specified tolerances

Note 1 to entry: Nominal shock pulse is a generic term. It requires an additional modifier to make its meaning

specific, for ex

ample nominal half-sine shock pulse, or nominal sawtooth shock pulse.

Note 2 to enty
(including ar¢|

3.3.16

y: The tolerances of the nominal pulse from the ideal may be expressed in terms of pulse-y
a) or corresponding spectra.

nominal value of a shock pulse

specified val

3.3.17

duration of
duration bet|
the instant it

Note 1 to enti
as zero.

3.3.18
rise time

lie (such as peak value or duration) given with specified tolerances

shock pulse
ween the instant the motion rises above some stated fraction of the maximum valu
decays to this fraction

y: For measured pulses, the “stated fraction” is usually taken as 1/10. For ideal pulses, it is|

pulse rise time

interval of ti
maximum v4g

Note 1 to enty
large fraction

3.3.19
pulse drop-
pulse decay

me required for the value of the pulsé to rise from some specified small fraction
lue to some specified large fractioncf the maximum value

y: For measured pulses, the “specified small fraction” is usually taken as 1/10 and the “spg
as 9/10. For ideal pulses, the fractions are taken as 0 and 1 respectively.

hff time
time

interval of time required for“the value of the pulse to drop from some specified large fraction

maximum vg
Note 1 to entr]

3.3.20
shock wave

lue to some specified small fraction of the maximum value

y: See thenote to rise time (3.3.18).

hapes

e and

taken

bf the

ecified

bf the

shock time

ral L1 1 4 41 salal o) PRI | sale o1 4
ISTUT Yy (UISPIAUTIITIIL, PITtosurtc Ul ULLITT VAl IdUIT] d55UTIdLTU WILIT LT P1rupdgdtiull

shock through a medium or structure

f the

Note 1 to entry: In liquids and gases, a shock wave is usually characterized by a wave front in which the pressure
rises suddenly to a relatively large value.

3.3.21

shock testing machine
shock machine
device for subjecting a system to controlled and reproducible mechanical shock
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3.3.22

shock response spectrum
maximum response of a series of uniformly damped single-degree-of-freedom systems to an applied
shock input

Note 1 to entry: Shock response spectrum is a generic term. It requires an additional modifier to make its
meaning specific, for example acceleration or velocity or displacement shock response spectrum.

Note 2 to entry: If the amount and type of damping of the systems are not given, they are assumed to be zero.
Unless otherwise indicated, the responses are maximum absolute values irrespective of the sign and the time at
which the maximum occurs. This is often referred to as maximax shock response spectrum. If reference is made
to other types of shock response spectra, this needs to be stated.

Note 3 to entry: The shock response spectrum of a structure tested on a vibration generator syst
speciffed earthquake motion of a floor is termed as floor response spectrum.

3.4
3.4.1

Terms for transducers for shock and vibration measurement

trangducer

DEPRECATED: pick-up

devicg designed to convert energy from one form to anothersin“such a manner that
charalcteristics of the input energy appear at the output

Note 1 to entry: The output is usually electrical.

3.4.2

electfomechanical transducer

DEPR[ECATED: pick-up

transfucer that is actuated by energy from a\mechanical system (strain, force, motic
suppljes energy to an electrical system, or vigeyversa

Note 1 to entry: The principal types of transducers used in vibration and shock are:

a)
b)
9
d)

pljezoelectric accelerometer;

ezoresistive accelerometer;

=

v

rain-gauge type acceleremeéter;

o

hpacitive accelerometet.

Note 7 to entry: The principal types of velocity transducer used in vibration and shock are:

a)
b)
9
d)
e)
£)

electrodynamic transducer;

njovingcoil transducer;

em applying a

the desired

n, etc.), and

nmoving conductor transducer;

induction transducer;
laser doppler vibrometer;

variable reluctance transducer.

Note 3 to entry: The principal types of displacement transducers are:

a)
b)
9
d)

capacitative displacement;
linear variable differential transformer;
variable reluctance transducer;

electrostatic (capacitor) transducer;
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e) eddy current transducer;
f) magnetostrictive transducer;
g) boonded-wire (foil) transducer.

3.4.3

seismic transducer

transducer consisting of a seismic system in which the differential movement between the mass and
the base of the system produces an electrical output

Note 1 to entry: Acceleration transducers operate in a frequency range below the significant natural frequency

of the seismicsystem—VYelocitrand-displacement-transducers-operateinafrequencyrange-abovethenatural

frequency of the seismic system.

344
linear transiducer
transducer fpr which the output quantity and the input quantity are linearly related #ithin a specified
set of tolerar]ces for given ranges of frequency and amplitude

3.4.5
unilateral transducer
transducer that cannot be actuated by signals at its outputs in such alUmanner as to supply r¢lated
signals at its|inputs

3.4.6
bilateral trdnsducer
transducer cppable of transmission in either direction betweghits terminations

Note 1 to entrjy: A bilateral transducer usually satisfies the principle of reciprocity.

3.4.7
sensing elethent
part of a trarjsducer that is activated by the inputexcitation and supplies the output signal

3.4.8
rectilinear fransducer
transducer designed to be sensitive to seme characteristics of a translational motion

Note 1 to entrfy: The modifier “rectilinear” is used only when it is necessary to distinguish this type of trangducer
from those sensitive to rotational'motions.

3.49
angular tra(ljtsducer
transducer designedto/measure some characteristic of a rotational motion

3.4.10
accelerometer
acceleration transducer
transducer that converts an input acceleration to an output (usually electrical) that is proportional to
the input acceleration

3.4.11

velocity transducer

transducer that converts an input velocity to an output (usually electrical) that is proportional to the
input velocity

3.4.12

displacement transducer

transducer that converts an input displacement to an output (usually electrical) that is proportional to
the input displacement
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3.4.13

vibrograph

instrument, usually self-contained and mechanical in operation, which can present an oscillographic
recording of a vibration waveform

3.4.14

vibrometer

instrument with one or more outputs (typically voltage) that are proportional to either the displacement
or velocity

3.4.15

force transducer
transfucer that converts an input force to an output (usually electrical) that is propottional to the
inputlforce

ing sinusoidal

the greatest

trangverse sensitivity

cross axis sensitivity
<rectilinear transducer> sensitivity of a transducer to excitation in a nominal direction perpendicular
to its sensitive axis

Note 1 to entry: The transverse sensitivity is usually a function of the nominal direction of the axis chosen.

3.4.23

transverse sensitivity ratio

cross axis sensitivity ratio

<rectilinear transducer> ratio of the transverse sensitivity of a transducer to its sensitivity along its
sensitive axis

Note 1 to entry: The transverse sensitivity ratio is sometimes expressed as a percentage.
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3.4.24

transducer phase shift
phase angle between the transducer output and input for sinusoidal excitation

3.4.25

transducer distortion
distortion which occurs when the output of the transducer is not proportional to the input

3.4.26

amplitude distortion
<transducer> distortion occurring when the ratio of the output of a transducer to its input at a given

frequency v

ries with the input amplitude

3.4.27

frequency djistortion

distortion on

response occurring within a given frequency range when the amplitude sehsitivity

transducer for a given amplitude of excitation is not constant over that range

3.4.28

phase disto
distortion o(
linear functi

3.4.29
run-out
measure of a

Note 1 to enty
circumferencd

Note 2 to ent
traversed. Th
uniform.

3.5 Terms

3.5.1
data
sampled me3

3.5.2

sampling
measuremer
mechanical,

Note 1 to entr]

"tion
curring when the phase angle between the output of a transdiicer and its input is
bn of frequency

shaft's deviation from a perfectly uniform radius

y: Mechanical run-out is a measure of the shaft’s deviation from a perfectly uniform radius
is traversed. This can be measured by a mechanijeal dial indicator.

Fy: Electrical run-out is a measure of the glectrical properties of a shaft as its circumferg
s is measured with a transducer that measures the electrical or magnetic properties that g

for signal processing

surements of a physical quantity

t of a vapying physical quantity at a sequence of values of time, angle, revolutions or
ndependent variable

y;-Other meanings of this term may be used in particular fields, for example in statistics.

of the

not a

as its

nce is
re not

other

3.5.3

sampling frequency
number of samples with respect to time for uniformly sampled data

3.5.4

sampling period
duration of time between two successive samples

3.5.5

sampling rate
number of samples with respect to time, angle, revolutions or other mechanical, independent variable
for uniformly sampled data

36
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3.5.6
Nyquist frequency
maximum usable frequency available in data taken at a given sampling rate

Note 1 to entry: The Nyquist frequency is fn = fs/2, where fs is the sampling frequency.

3.5.7
sampling interval
number of physical or engineering units (e.g. time, angle, revolutions) between two successive samples

3.5.8
frequency resolution
difference of frequency between two adjacent spectral lines

Note 1 to entry: This is equal to the reciprocal of the total time of a block of data that is Fourjep trahsformed.

3.59
Fourier transform
frequency description of a transient vibration

Note 1 to entry: The Fourier transform of a transient vibration x(t) is given hy:

Se

(f)= jx(t)e—szfdt

Note 4 to entry: The Fourier transform of vibration data x(t) measured over an interval T is given hy:

S

T
(fn)= [x(€)e > de
0

m . .
wherq f,, = and m is an integer.

3.5.10
Fourijer series
frequency description of a set of sampled vibration data

Note 1 to entry: The Fourier series X of vibration data x(n) sampled at times nAt where 0 <n < N - [l and At is the
time ipterval between the samples given by:

1 N-1 )
X(m)= f_ Z X(n)e-Zﬂ:lnm

S n=0

wherd

f=1/At isthe sampling frequency;

X(m) is sampled at frequencies m/(NAt);
m isaninteger (0 sms<N-1).

3.5.11

rms spectrum

amplitude spectrum used to quantify the components of sinusoidal, harmonic and non-harmonic
signals, such as vibrations from an unbalanced rotor, gears or rolling bearings

Note 1 to entry: The rms spectrum Ryy of a sampled signal x(n) with physical or engineering units U, 0 < n < N,
from a block of data measured over the interval of one period T is expressed as:
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Ru0)= -] X0)

Ry (fn)= ﬁf | X(fin)] (for 1<m s%-1}
where

C,  isthe amplitude scaling factor;

N is the number of samples in the data block;

n is tretidexottie

Ryx issampled at frequencies m/(NAt);

At isthe time interval between time samples;

m  isapinteger 0 sms<N-1).

Note 2 to entr]

3.5.12

power spect
auto-spectr
magnitude o

Note 1 to enti

y: The physical or engineering units of the rms spectrum are U rms.

ral density
hl density
f the frequency domain description of random, continueus signals

y: The power spectral density Pxyx from blocks of sampled data measured over a time inte

duration T is the following average:

P, (m)=1

Note 2 to entr]

Note 3 to ent
by the time h
“acceleration

?{%|X[m)|2} (forO <m S%—l]

y: The physical or engineering units of the power spectral density are U2/Hz.

y: Power spectral density is a generic term used regardless of the physical process repre
istory. The physical process<involved is indicated in referring to particular data, e.g. the
power spectral density” of the term “acceleration spectral density” is used instead of

spectral density when the acceleration §pectrum is to be described.

3.5.13
energy speg
magnitude o

Note 1 to ent]
includes the c

tral density
f the frequeney.description of a transient signal

ry: The efiergy spectrum eyy from a block of sampled data measured over a time intervz:
bmplete-sighal is:

val of

ented
term
power

| that

exx(m)=1

|X(m)|2 (fOrO <m Sﬂ—lw
\ 2

Note 2 to entry: If the data x(n) are measured from a random process, the average of the preceding equation is taken.

3.5.14

cross spectral density
magnitude of the frequency domain relationship between the two signals

Note 1 to entry: For signals described by the energy spectral density, the cross spectrum is the cross energy
spectral density exy,

exy[m):2X*(m)Y(m) (forO <m S%—l)

where an average is taken for random signals.
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Note 2 to entry: For random signals described by the power spectrum, the cross power spectral density is the
cross power spectral density Pyy,

ny(m)=%E{X*(m)Y(m)} [forO <m sg— 1)

3.5.15
coherence function
dimensionless measure of the relationship between two signals in the frequency domain

Note 1 to entry: For signals described by energy spectral density, the coherence function yyy is:

2
e )]
y("n"eXXOn)eMVOn)

=
T

[forOSm Sg—lj

Note 4 to entry: For signals described by power spectral density, the coherence functiomyyy is:

ey tm)”
Py (m) Py, (m)

4

y (M)

=

[forO <m S%—l)

Note 3 to entry: The value of the coherence function ranges between 0.dund 1.

3.5.1¢
statigtical degrees of freedom
numbler of independent variables in a statistical estimate of a probability

Note 1 to entry: The number of degrees of freedom determihes the statistical accuracy of an estimate.

3.5.1Y
aliasing error
aliasing

false [representation of the spectral enéergy caused by the mixing of spectral components above the
Nyquist frequency with those spectraleomponents below the Nyquist frequency

3.5.18
windpw function
windpw

pre-defined mathematicalyfunction that multiplies a data block and improves some charfcteristics of
the friequency description

Note 1 to entry: If.a window function is used, an amplitude scaling constant shall be used.

Note 4 to entrys A'window function is used for reducing the errors in processing weighted data points.

factor
constant derived from window function that corrects the amplitude of the frequency description of a
narrowband signal

Note 1 to entry: Amplitude scaling factor can be described as:

Note 2 to entry: where w(n) is the window function.

3.5.20

effective noise bandwidth

bandwidth between frequency lines for a windowed signal, to be used to quantify the frequency
description of a noise
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3.5.21

time history
sequence of values of a physical or engineering quantity as a function of time

3.5.22
sidelobes

spurious peaks in the frequency domain caused by the use of a finite time window with the Fourier

transform

3.5.23

spectral leakage
broadening of a peak in the frequency domain caused by window function with the Fourier trans

orm

3.5.24
leakage err
error in freq

3.5.25

DI
iency spectrum caused by a mismatch of the recording time to the frequency. of inter

deterministlic vibration

vibration for]

Note 1 to entn
from another

3.5.26
ensemble
set
collection of

3.5.27
number of 1
number of sy

3.5.28
record leng
<time histor

3.5.29
stationary g
ensemble of

3.5.30

ergodic pro
stationary p
averages ove

which the instantaneous value at a certain time can be predicted

y: The vibration can be produced as a response to a known inputy sueh as an impact, or pre
measured quantity, such as shaft position.

time histories

nes
ectral lines that are displayed

Ch
es> number of data points eemprising a contiguous set of sampled data points

rocess
ime histories such that their statistical properties are constant with respect to time

Cess
rocess that possesses statistical properties that permit averages over time to r¢
r ensemble

Note 1 to ent}

est

dicted

place

y+It follows that these time averages from any time history are then equal to the corresp

nding

statistical ave

3.5.31

rages over the ensemble.

random process
stochastic process
ensemble of time histories that is characterized through statistical properties

3.5.32

autocorrelation function
average of the product of the data’s value at one time with its value at another time

Note 1 to entry: The autocorrelation function ryyx of random vibration x(t) is the average E:

ree (6, T)=

40

E{x(t)x(t-7)}

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=8f321da5e3ae903ca3146b65b257ef61

ISO 2041:2018(E)

Note 2 to entry: If the vibration is stationary, the autocorrelation is a function only of the time difference 7. If
the vibration is ergodic, the average can be taken over time. If it is non-ergodic, averages shall be taken over
statistically independent samples.

3.5.33

cross-correlation function

average of the product of the values of two physical or engineering quantities at different times for two
sets of data x(t) and y(t), the mean of the product of the value of one set of data at one time and the value
of the other set of data at another time

Note 1 to entry: The cross-correlation function ry, of random vibrations x(t) and y(t) is the average E:

-

(ETI=E{XO 1)}

Note 7 to entry: See Note 2 to entry for autocorrelation function (3.5.32).

3.5.3¢
nornjalized autocorrelation function
ratio pf the autocorrelation function to its value with zero time delay

Note 1 to entry: The normalized autocorrelation coefficient pyy is:

Ty (,T)
Pl (£, 7)==
[~ ryx(t,0)

3.5.3p
nornlalized cross-correlation coefficient
ratio |of the cross-correlation function to the square root of the product of autocorrelations at zero
time ¢lelay

Note 1 to entry: The cross-correlation coefficient {oyy is:

Iy (£,7)

P 0, 60

Note 7 to entry: At any delay 7, theTross-correlation coefficient satisfies -1 < pyy, (1) < 1.

3.5.3p
effective bandwidth
<spedified band pass filter> bandwidth of an ideal filter which has a flat response in its gassband and
transmits the samé.power as the specified filter when the two filters receive the sam¢g white-noise
input|signal

Note 1 to entry: The effective bandwidth may be measured by dividing the mean-square responge of the filter
to wh'Fe-noise excitation by the product of the excitation spectral density and the square of the maximum
transmission.

3.5.37
signal bandwidth
interval over frequency between the upper and lower frequencies of interest

3.5.38
confidence level
value of the probability associated with a confidence interval or a statistical interval estimator

3.5.39
probability
expression of the likelihood of occurrence of a vibration event

Note 1 to entry: The probability of occurrence of a particular event is generally estimated as the ratio of the
number of occurrences of the particular event to the total number of occurrences of all types of events considered.
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Note 2 to entry: For a stationary random vibration, the probability that the magnitude will be within a given
magnitude range is taken to be equal to the ratio of the time that the vibration is within that range to the total
time of observation.

Note 3 to entry: A large number of events or a long observation time shall be involved in the probability
determinations.

Note 4 to entry: A unit probability means that the occurrence of a particular event is certain. Zero probability
means that it will not occur.

Note 5 to entry: The probability that the magnitude of a vibration will be within a given range is equal to the
integral of the probability density function of that vibration integrated over the given range. See probability
density functiqun{3.5.41)

3.5.40
probability density
(vibration theory) ratio, at a specified vibration magnitude, of the probability that“the vibration
magnitude will be within a given incremental range, to the size of the incremental range, 4s the
increment size approaches zero

Note 1 to entrjy: The probability density of vibration quantity x is:

P(A
p(xy) = [lim FA%m)
N, >0 AX,,
or
dA(x
p(x)= 1%
dx
where

p(xm) idthe probability density at x;;;

—

Axpm 4 an incremental range of magnitude.beginning at a magnitude x,;
P(Axy;y) i the probability that the vibpation magnitude will have a value between x;; and x;; + Axp,.

Note 2 to entry: The probability density, p(x), is the derivative of the cumulative probability distribution function,
P(x), with respect to x (see 3.5.41).

Note 3 to entrfy: In general,

P(ec)=14nd P(—0)=0

and

[ pLodx = [ dPG)=[P() - P(—<)] =1

3.541
probability density function
(vibration theory) expression of the probability density associated with a stated vibration

Note 1 to entry: The functions p(x) given under probability density, normal distribution and Rayleigh distribution
are probability density functions.

Note 2 to entry: The probability density distribution curve is a graphical representation of the probability density
function. The total area under the probability density curve is equal to unity.
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3.5.42
confidence interval with confidence level 100(1-a) %
interval bounded by a lower and upper statistical limit

3.5.43

Bode plot

pair of rectangular plots, one displaying the amplitude of the vibration on the vertical axis with
appropriate units and frequency on the horizontal axis with appropriate units, and the other displaying
the phase of the vibration on the vertical axis with units of degrees and frequency on the horizontal
axis with the same units as those in the amplitude plot

0,015 4

Y1 0,010 ~
0,005 4

0,000

| | | |
0 25 50 75 100 125 150 175 200

100 H
Y2 .

-100 -

| | |
0 25 50 75 100 125 150 175 200

Key
Y1 displacement
Y2 |angle (°)

X frequency (Hz)

Figure 4 — Bode plot
Note 1 to entry"The plots are placed so that the horizontal frequency axes are aligned to clearly display related
phaseland amplitude behaviour.
Note 3 ta_entry: In machinery assessment, a special case of the Bode plot is sometimes used whichfuses speed as

the horizontal axis and plots corresponding vibration features such as magnitude and phase. One such use is to
plot the filtered 1x turning speed vibration magnitude and phase as the machine RPM changes.

3.5.44

Nyquist plot

square plot that displays the amplitude and phase of a vibration over a range of frequencies with the
imaginary components of the vibration are displayed on the vertical axis and the real components on
the horizontal axis
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Figure 5 — Nyquist plot

Note 1 to entrfy: Frequency is implicitly displayed along the length of the resulting curve.
Note 2 to entrfy: Square Nyquist plots clearly display:the phase angle along the curve.

Note 3 to enfry: The Nyquist plot is particilarly useful for displaying transfer functions, such as trpnsfer
compliance.

3.5.45
orbit plot
plot displaying two perpendieular displacements of a rotating shaft over one rotation

Note 1 to entrjy: The displacéments are sometimes measured with proximity sensors.
Note 2 to entrjy: A thirdsénsor is used to establish a phase reference to the angular position of the shaft.

Note 3 to entrjy; T he average shaft centerline plot and orbit plot indicate shaft dynamics that reveal malfunctions
before failure

3.5.46
average shaft centreline plot
plot displaying the average shaft position for several frequencies

Note 1 to entry: The average shaft centerline at each frequency is determined from the orbit plot.

3.5.47

cascade plot

waterfall plot

diagram that provides a simple comparison of several frequency analyses

Note 1 to entry: It is a three-dimensional form of spectra display that clearly shows vibration signal changes

related to another parameter (such as rotational speed, load, temperature, time) taken for specified parameter
values, such as time.
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3.6 Terms for condition monitoring and diagnostics

3.6.1
ball pass frequency, inner

fBPFI
frequency of the inner race (BPFI), which appears when all the rolling elements pass on a defect on the
inner race

Note 1 to entry: The frequency generated is:

N B
fBpFI :;|fo - fil (1+; COS(P]

wherd

fBpF1 is the ball pass frequency, inner, expressed in hertz (Hz);

fo is the outer race rotational frequency (Hz) or rotational speed (r/s);
fi is the inner race rotational frequency (Hz) or rotational speed (r/s);
N is the number of balls or rollers;

B is the diameter of ball or roller;

P is the pitch diameter of rollers or balls;

[0) is the contact angle.

3.6.2
ball gass frequency, outer

fBPFO
frequency of the outer race (BPFO), which-appears when all the rolling elements pass on a defect on the
outer|race

Note 1 to entry: The frequency generated when the outer race is stationary is:

—,

N B
PFO :E|fo - fil (1—5 COS(”)
wherd

fHpro is the hall pass frequency, outer, expressed in hertz (Hz);

14 is'the outer race rotational frequency (Hz) or rotational speed (r/s);
fi is the inner race rotational frequency (Hz) or rotational speed (r/s);
N is the number of balls or rollers;
B is the diameter of ball or roller;
P is the pitch diameter of rollers or balls;
1) is the contact angle.

3.6.3

ball spin frequency

fBSF

frequency (BSF), which is the circular frequency of each rolling element as it spins

Note 1 to entry: The ball spin frequency is:
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