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Foreword

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

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

A proper selection of vibration generating system, when purchasing new test equipment or updating
existing equipment for the purposes of a specific test or when choosing between the equipment
proposed by a test laboratory or even selecting a laboratory which offers its service to carry out such
a test, is very important. When making this type of selection, several factors should be considered
simultaneously, as follows:

Thif document deals only with equipment intended to be used for dynamic structural t
seldction procedures are predominantly designed to meet the requiremients of this testing
spe

If the equipment is expected to be used for different types_ ef<tests, all possible applicati

be
bot

simultaneously. In this document, it is presumed that asystem can be selected if it enable

the

confrol system should be used. The selection of a control system is not considered in this do

Vib

the type of the testto be carried out (e.g. environmental testing, normal and /or accelerated, dynamic

structural testing, diagnosis, calibration, etc.);

the motions to be generated during the test;

single or combined test, for example, dynamic plus climatic, etc.);

the objects to be tested and their mounting.

hccounted for when selecting. Thus, if the vibration génerator is acquired to be appl
h environmental and dynamic structural testing, ISO~10813-1 and this document shoy

test object up to a specified level. To generate an.€xcitation without undesired motions

ation generating systems are complex machines, so the correct selection always demanc

the test conditions (e.g. single or multiple excitations, one mode of vibration or combined vibration,

bsting, and
. However,

Cific test conditions and the specific object to be tested can significantly influence the selection.

pns should
ied during
Id be used
S to swing
a suitable
fument.

s a certain

degree of engineering judgement. Consequently, the purchaser, when selecting the vibfation test

equiipment, can resort to the help of a third party. In such a case, this document can help the p

asc

can|also use this document to assess the market environment.

©IS

brtain if the solution proposed by theithird party is acceptable or not. Designers and mar

irchaser to
ufacturers
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Scope

5 document provides guidance to select a vibration generator that will be used.to evaluatg
bonses of a test structure or to study how vibration grows/decreases along-the struct
[ctural dynamics tests can be carried out under field or laboratory conditions (see the |
1084 6[41(21[6][7] series).

5 document describes the selection procedure in terms of the force“developed by a singl
erator. Meanwhile, to move massive structures such as dams of bridges, an assembly d
prators is usually applied. Properly phased generators produce in total the same force ag
h single vibration generator (see 6.2.6).

Hance also can be applied for the selection of equipment to be used for modal testing to
iral frequencies, modal shapes and damping in a structure; however, for such a test, m
h covered by this document usually need to be considered.

5 document deals only with translational egxeitation. For equipment applied to genersa
ation, see Reference [8].

Normative references

following documents are referred to in the text in such a way that some or all of th
stitutes requirements of this ‘document. For dated references, only the edition cited 4
ated references, the latest-edition of the referenced document (including any amendmen

2041, Mechanical vibration, shock and condition monitoring — Vocabulary

7626-1, Mechanical vibration and shock — Experimental determination of mechanical
E 1: Basic termsand definitions, and transducer specifications

10846-%, Acoustics and vibration — Laboratory measurement of vibro-acoustic transfer p
ient eleiients — Part 1: Principles and guidelines

165261, Vibration and shock generating systems — Vocabulary

frequency
ure. These
50 7626 or

e vibration
f vibration
calculated

determine
pre factors

te angular

Pir content
pplies. For
[s) applies.

mobility —

roperties of

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2041, ISO 7626-1, ISO 10846-1
and ISO 15261 apply.

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

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

[EC Electropedia: available at http://www.electropedia.org/
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4 Dynamic structural testing

4.1 General

Dynamic structural testing is performed to evaluate such characteristics of a structure as

— frequency responses over a wide range of frequencies,

— modal

characteristics (mode shapes, natural frequencies, damping ratios, etc.),

— amplification/attenuation of vibration along the structure.

Knowledgs

design

calculd

Level of ex
testing (se
this level §
at frequen
non-linear
conditions

In alabora
is defined
excitation

Under field
structure.
rotational

4.2 Exci

ISO 7626-2
dynamic st

In case of
ISO 7626-5

5 Vibra

5.1 Main types of equipment

of the dynamic behaviour of structures allows for the, for example:
of low-vibration mechanical systems (buildings, machinery, transport and their eleménts),
tion of isolation systems and means used to reduce vibration.

citation during the structural testing is not so important as compared\with environme
b [SO 10813-1) provided that linear behaviour of the test structure iSymaintained. Howe
hould be sufficient to produce the response of the test structureé-<far above the noise f
Cies where the mechanical impedance of the structure reachesiits maximum values. F
structure, vibration should be excited at the same level as observed under actual opera

ory environment, the test structure can be freely suspended or rigidly supported, which¢
may be used.

conditions, the vibration generator may be-iised either coupled or uncoupled to the

motions) in a transverse direction.

fation types

and ISO 7626-5 define variolls possible types of vibration and shock excitation applicablg
ructural testing.

linear behaviour of the-test structure, any type of excitation specified by ISO 7626-2
can be used. In thé-econtrary case, only sine vibration should be generated during the teg

tion generators

and

htal
ver,
oor
Dr a
[ing

ver

in a relevant specification (see, for example, ISO 7626-2). Single-point or multi-point fgrce

test

Generally, the coupling should be rigid in\the direction of excitation but flexible (to allow

for

and

A vibratiorn

generator is an executive device of a vibration generating system designed to produce spme

force or kinematic excitation of a test structure. Excitation parameters depend on the purposes and

conditions

of the test.

Electrodynamic, electromagnetic, piezoelectric and magnetostrictive vibration generators are the
most common types of equipment used for dynamic structural testing. To resolve some problems in
generating vibration at low frequencies, pneumatic, hydraulic and mechanical vibration generators may
be preferred.

© ISO 2019 - All rights reserved
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Principal characteristics of vibration generators

Among other measurable parameters of vibration generators used in dynamic structural testing, the
following ones are of principal interest when selecting the test equipment:

rated force;
permissible static load;

frequency range;

Ang
test
spe
tha

5.3

5.3

An
bet
cur

Limitvalues for disnlacement velacityu
TVt ot OG> piet HHerc—v-er Tey—crirer

harmonic distortions;
spurious motions;
resonance frequencies.

ther key characteristic of the vibration generator is the manner in whieh it can be fast
structure, whether it requires external mechanical constraints ok not. In addition, tc
cified force excitation, the driving-point impedance of the vibratien generator should
N the ones of the test structure.

Features of different vibration generators

1 Electrodynamic generator

electrodynamic vibration generator is a dewvice that transforms electric energy of
veen a static magnetic field and an alternating current conductor into mechanical n
rent conductor is usually designed as a coil connected to a test table and placed in a cird

bned to the
provide a
be far less

nteraction
otion. The
ular gap of

an iron circuit with a magnetic bias induced by a direct current coil or by a permanent magnet.

Thd
mal

And
fred
out

In n
wit
stif
The

Inst
con

electrodynamic generator produces a force proportional to the excitation current. Th
xes this type of equipment rather.donvenient for use in the broadest range of tests.

ther advantage of the electrodynamic generator is that it enables excitation in a broz
uencies (up to 15 000Hz) and that its input electrical impedance can be easily matg
but impedance of the power amplifier over the operating band.

host of electrodynamiic generator designs, the iron circuit is rigidly secured in the case ¢

s property

d range of
hed to the

nd the coil

h the rigidly cafinected table is mounted in the case by means of flexible membranes of npn-uniform

ness, for exdmple, elastic in the axial direction and rigid in a transverse direction.
principle.characteristics of typical electrodynamic generators are given in ISO 10813-1.

allation and fastening of electrodynamic vibration generators depend on the test pt
ditions. The electrodynamic vibration generator cannot withstand a considerable s

rpose and
tatic load.

Therefore, if the test structure needs to experience a static deformation during the testing, such a
deformation should be provided by means of a separate device.

5.3.

2 Electromagnetic vibration generator

An electromagnetic vibration generator is a device designed to drive a test structure through the
interaction between an electromagnetic field and a ferromagnetic body. The vibratory force grows in a
quadratic correlation with the exciting current. To linearize the process, polarization of magnetic flow
in the vibration generator iron circuit is applied by means of, for example, a permanent magnet field.
The electromagnetic vibration generator can be designed as either a one-gap or two-gap (differential)
device. The two-gap generator allows harmonic distortions much less than the one-gap device.
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While preparing the test, the constant force of the electromagnetic interaction as well as the mass
of generator’s armature should be considered, particularly when testing light-weight and/or flexible
structures. In these cases, it is recommended to use some unloading device and compensation of a
negative stiffness caused by the constant electromagnetic force.

The main advantage of the electromagnetic generator lies in its efficiency and reliability. However, high

distortions and a limited operation range confine the scope of its use.

5.3.3 Piezoelectric vibration generator

A piezoele
as affectec
magnitude
piezoelecti

A specific
kinematic

that it can
directed e3
an amplifie

5.3.4 Mg

The opera
deformatid

Like the piezoelectric generator, the magnetostrictive geng€rator is capable to produce broadb

kinematic
with a rela

B

work under very high static loads (up to 2 000 kg/cm?) and is capable-of producing
citations. The disadvantages are associated with some technologicalproblems in desigipi
r that can effectively transmit a broadband signal to the piezoelectric generator.

gnetostrictive vibration generator

n of a ferromagnetic body when it is magnetized.

pxcitation (up to 1 kHz) of heavy and complexmechanical structures. Also, it can be dr
Lively cheap power amplifier. Significant power consumption is its disadvantage.

5.3.5 Hydraulic vibration generator

A hydrauli
pressure o

The basic 3
high m
low trg
large
— simple

The basic d

C vibration generator is a device-that produces excitation of the test object by pulsing
[ fluid in the hydraulic system controlled by one (or several) servovalve(s).

dvantages of the hydraulicvibration generator are the following:
agnitudes of displacements (up to 200 mm) and forces (up to 10 MN);
nsverse vibration'of the actuator (vibration table);

ermissible static loading (up to several tons);

and reliable design.

isaflvantages are the following:

ion of a magnetostrictive vibration generator is based<on the magnetostrictive effect

L

and
ven

the

— highle

— rather

narrow frequency range not exceeding, as a rule, 200 Hz.

The principle characteristics of typical hydraulic vibration generators are given in ISO 10813-1.

5.3.6 Mechanical vibration generator

A mechanical vibration generator transforms energy of a mechanical driving device. According to their
operation, mechanical vibration generators are divided into direct-drive and reaction-type generators.

The basic advantages of mechanical vibration generators are as follows:

— high efficiency;

4
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simple and reliable design.

The basic disadvantages are the following:

limited frequency range (usually 5 Hz to 100 Hz);
high non-linear distortions;

capability to excite sine vibration only.

The principle characteristics of mechanical vibration generators are given in ISO 10813-1.

5.3

Aty
maj
imp
ford

The

ran

To 6

6

6.1

The
med

of e
acc
ove

In i

and

be

fred

the

If a

intq
vibt

6.2

7 Impactor

pical hammer-type impactor consists of a rigid mass with a force sensor on one side of th
s and a flexible tip on the other side. The force sensor may be replaced with an acceleron
actor mass oscillates as a rigid body then the output signal of accelerometer i5 proporti
e applied to the test subject.

hammer provides forces up to 105 N over the frequency range from 2Hz to 10 000 Hz. The
be of excitation can be adjusted by means of tips (see ISO 7626-5).

Selection procedure

General

selection of test equipment depends first girtits functionality, reasonable practicality
lsurement tasks to be carried out, including requirements related to size, mounting, acce
kcitation, etc. The test equipment shouldalso guarantee the response to be measured to
iracy. This means that the equipment should be capable of generating sufficiently hig
I the whole frequency range of interest within specified tolerances (on direction, distort

[s turn, the minimum level wof excitation depends on background vibration of the tes

bignificantly higher than ,the background vibration at every point of measurement ar
Juency of interest. Thevoutput signal of the vibration transducer should be significantly &
electrical noise.

vibration genérator enables the production of a constant force over the whole frequen
rest, then the force depends on the mechanical impedance Z(f) of the test structure and

ation velocity v(f) [see Formula (1) below].

Procedure

e impactor
neter. If the
onal to the

frequency

xcite large massive objects, a large mass either suspended on cables or free-falling downwajrds is used.

for specific
S to points
a specified
 vibration
ons, etc.).

[ structure

electrical noise in the measurement circuit. Vibration generated by the test equipmlent should

d at every
ligher than

Ly range of
h minimum

6.2.1 The measurement task, including the test structure, characteristics to be evaluated and frequency
range of interest, is specified.

6.2.

©IS

2 Data concerning the test structure is collected, including:
the type of the structure (framed structure, machine, isolator, foundation, etc.);

the size and mass;

the test conditions (field or laboratory measurement, part of the structure to be tested, access to
excitation and measurement points, vibration generator mounting, compatibility of the vibration

generator and the test structure interfaces, etc.);

02019 - All rights reserved
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— the background vibration.

6.2.3 Factors such as directivity of excitation, transverse motions, distortions, etc. which can affect the
measurement result are evaluated and limited.

NOTE The influence of some factors can be reduced by means of repetitive tests and averaging. For example,
if the test specification assumes the structure is to be impacted by a hammer several times, then the excitation
directivity can be improved to be within +5° from a specified axis. Such a limit on the directivity provides an
error of the measured mechanical impedance magnitude to be less than 1 %.

nerator is calculated in terms of root mean square (RMS) values of acceleration apys ‘il (),
s min () or displacement spys min(f)-

Generally,
backgroung

ibration developed by the vibration generator should be three to ten times higher than|the
vibration at every frequency of interest.

NOTE 1  Iif acceleration of the background vibration is uniformly spaced over the frequency range of intgrest
then velocity vpys min (f) and displacement spyg i, (f) reach their maximums at the lower limit of the range

NOTE 2 1{igh level of uniformly distributed background acceleration impedes application of vibrdtion
generators yinable to develop significant displacements at low frequencies such ag)piezoelectric ones.

6.2.5 The¢ mechanical impedance Z(f) of the test structure over thé frequency range of interegt is
roughly esfimated on the basis of physical modelling, prototype testing, handbook data, and so on. Spme
recommenflations on the rough estimation of Z(f) are given in Ahhex A for some types of structures.

NOTE Annex A establishes a simple way to evaluate impedances from mass-spring-damper models. There
are more cdmplicated methods of a rough estimation of Z(f)for specific structures, for example, using HEM-
models211Y,

6.2.6 The vibratory force Fpyg nin(f) is given by Formula (1):

Frus mfin (f) =VRMs,min () Z(f) )

where

VRMs,m|n (f) is the minimum velocity to be developed by the vibration generator during the testjng;

Z(f) is the mechanical impedance of the test structure, driving point or transfer depending
on theté€sting purpose;

f is-the frequency.

The frequengey f ., at which Fgyg iy (f) reaches its maximum F,,, i.e. F, 5 = Frys min(fmax) 1S fixed.

If several vibration generators are applied to excite the test structure then they are to develop the same
vibratory force Fgys min(f) as calculated according to Formula (1), i.e.

N
2
Frus min (f)= ZFn;RMS,min (f) (2)
n=1
where
Fp.rms,min(f) is the force developed by the nth vibration generator;

N is the number of vibration generators applied during the testing.

6 © IS0 2019 - All rights reserved
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6.2.7 The vibration generator is selected according to criteria related to:
a) testconditions and generator’s performance (see 6.2.1 to 6.2.3);
b) vibration parameters in terms of:

— vibratory force F,,, at the frequency f, ., and forces Fpys i, (f) over the whole frequency range
of interest;

— minimum acceleration agy iy (f), velocity viys min(f) and displacement sg g min (f)-

Exgmplpc of the selection of a vibration generator prpnr‘]ino on the measurement task are given in
(=]

Annex B.

6.2{8 The vibration transducer is selected.

Vibfation transducer and conditioning devices of the measurement circuit should be seleqted on the
assymption that the transducer output U, ..;, for the minimum velocity vgygisi, (f) is at legst three to
ten times higher than the internal circuit noise U,. Given U ;,, the transdueer’s sensitivity 5(f) can be
caldulated from Formula (3):

S(f):Ugmin (f)/VRMs,min (f) 3)

© IS0 2019 - All rights reserved 7
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Annex A
(informative)

Prognosis of mechanical impedance for some types of structures

A.1 General

This anney provides envelopes of magnitude of mechanical impedances for some types of structulres.
These envelopes lie above real curves of mechanical impedances, obtained as a result of eXtenpive
studies (sge, for example, Reference [8]), so as to involve some margin of safety. Thus, the enve

curve associated with some structure can be dissimilar to an actual mechanical impedance curvs
that structpre. Nevertheless, such an envelope allows to obtain a somewhat overestimxated value of 4

Envelopes for driving-point and transfer impedances of isolators are consideredin A.2. Clauses A.3,
and A.5 ddal only with driving-point impedances of coupled or single machines, damped frames
foundation|s, respectively.

Intrinsically, isolators possess input and output points (input and_eutput flanges) that are use
define a transfer frequency-response function, while such points{on’ other structures are unkn

beforehan

Structure |
point/tran
prevail in t
a lower lim
frames (se
its feet or f

At middle
The curve
attributed
with the s
impedance

Further in
properties

and should be defined following test specifications.

pbehaviour differs in different frequency regions. At/ low frequencies, the change of driv
fer impedance as a function of the frequency fdepends on whether elastic or inertial fo
he mechanical system. In the former case, Z(f)} decreases as 1/f and reaches a maxim
it of the frequency range. Typical examples-of such a system are isolators (see A.2), da
b A.4) and foundations (see A.5). In the case of a rigidly mounted machine which is excited
rame (see A.3), Z(f) increases as f.

‘requencies, the structure behaves like a multiple mass system with springs and damp
of input mechanical impedance exhibits a train of peaks and valleys that usually cary
to natural oscillations of the system and its elements. In this case, valleys are associg
ystem resonances while-peaks correspond to the system antiresonances. The mechan
Z(f) has maximums at antiresonance frequencies.

rease in the frequency leads the driving-point impedance to become dependent on the w
in the excitation point. The vibration magnitude is governed by the sizes and elastic mo

of a structyral elementthat is directly excited. If the machine under test is mounted on its feet or el3

supports, g

NOTE1 |
are separat

metal supporting plate serves as such an element.

requency regions where the test structure demonstrates essentially different dynamic behay
bd_by.corner frequencies in the figures in Clauses A.2 to A.5.

np

ope
for

0.

A4
and

to
wn

ng-
'ces
at
ed
via

er'sS.

be
ted
ical

ave
duli
stic

iour

Practically, when testing machines, it is rather difficult to provide the boundary conditions necessary
to measure blocked impedances that form the complete matrix of impedances (see ISO 7626-1). Thus

Clause A.3

NOTE 2

deals with free impedances.

numerous research worksl(8l,

A.2 Isolators

Numerical coefficients in the formulae of this annex are empirical ones. They were obtained following

The maximum value of the driving-point impedance Z;; (Z,,) and transfer impedance Z;, (Z,;) of an
isolator loaded by mass m (see Figure A.1) can be evaluated using Figure A.2.

© ISO 2019 - All rights reserved
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S o
AMMMIMDMOIOIOIOIOCOIOOIOOOIOINN

1 |machine (loading mass)

Key]

2 |vibration isolator

NOTE m is the mass of the load per isolator.

Figure A.1 — Isolators loaded by a machine mass

Z
7~
/
~
/
/
/
fe f

Key

Z |mechanical impedance (driving-point or transfer) ---  driving-pointimpedance Z;, (Z,,)
f|frequency —— transfer impedance Z;, (Z,;)

fo |corner frequency

NOTE The‘envelopes decrease as 1,5C/2mfright up to the corner frequency f_ (see Table A.1).

Figure A.2 — Envelopes of the driving-point and transfer impedances for a vibration isolator

Given the static stiffness C of the isolator in the direction of the applied excitation, the natural
frequency f, of the loaded isolator oscillations can be calculated from Formula (A.1):

1 |C
fo — (A1)

“2n\m

Then the corner frequency f, (see Figure A.2) can be taken from Table A.1.

© IS0 2019 - All rights reserved 9
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Table A.1 — Relationship between the natural frequency of oscillation and corner frequency
aloaded isolator (see Figure A.1)

for

fo 2to5 5to6 7to 11 12 to 17 18 to 30 >30

fe 163 250 315 630 800 1000

A.3 Machinery

A.3.1 Geperal

The log-log plot of a typical envelope of free driving-point impedances for a single mdcdhine
Figure A.3] or a machine system is given in Figure A.4.

The upper estimate of mechanical impedances for different frequency regions showmin Figure A.4

be determined from Formulae (A.2) to (A.4):

Zy(f)E2nfm Q
Z
22:_11(7f1) (
z,(f)F2.30* JEp (
where

f  isthe frequency;

m is the mass of the machine or machine system;

h is the thickness of the plate in.the excitation point;
E isthe Young’s modulus of the plate;

p is the density of the plate;

n is the loss factor‘ofithe material.

value at t
machine a

e antiresonance frequency f;. The corner frequencies f; and f, depend on the kind of|
d theexcitation point (see A.3.2 and A.3.3).

Z3(f)is plaﬁted in Eigure A.4 as the straight line through points Z;(f;) and Z,(f;), and Z, is the envelope

see

can

\.2)

\.3)

h.4)

the

NOTE [0 sOme extent of ldna]1’7nhnn an antiresonance on the Hrnnnrr nnln‘l‘ lmnndnnr‘n Curve correspd

nds

to resonance oscillations of a certain element of the mechanical system. The less osc1llat10n losses, the hlgher
the antiresonance peak. The peak Z, at the frequency f; corresponds to the so-called ring frequency of the

machine shell.

10 © IS0 2019 - All rights reserved
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Key
F |applied force I; machine’s foot length
I, |machine’s‘shell length h; foot plate thickness
h, |mathine’s shell thickness b; machine’s foot width
r; |machine’s shell radius

Figure A.3 — Sketch of a machine
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Key

A mech
f frequ
fi.f> corne
A.3.2 Siy
A3.2.1 EH

In this casq

fr f2

Anical impedance
ency
r frequencies

Figure A.4 — Typical envelope of the driving point impedances for machines

Igle machines

xcitation through the shell

, the corner frequencies f; and f, are obtained from Formulae (A.5) and (A.6):

0f2h, |E
=== (4-5)
"1 Ps
0,03 |E
fo=-4—|—~ (p.6)
h\ ps

where

h, and|r; are the thickness and the radius of the machine’s shell, respectively (see Figure A.3);

E andlp; are the Youhg’'s modulus and density of the shell material, respectively.
A.3.2.2 Excitatioh through a foot
In this cage{the antiresonance frequency f; is determined from Formula (A.5) and another cofner
frequench 7 tsobtaimredfromFormuta r|A.7‘|.

h, |E
f,=0,65-1 |~PL (A7)
by \ ppi

where

hy is the thickness of the foot plate (see Figure A.3);

by is the width of the foot plate (the distance between the internal fixed edge and the

external free edge of the plate); see Figure A.3;
E, andp, are the Young's modulus and density of the foot material, respectively.

12
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A.3.3 Coupled machines

A.3.3.1 Force applied to a machine

In this case, f; = min{f,,, f,}, where f, is determined from Formula (A.5) and f, = 40 Hz. The frequency f,
is determined from Formula (A.6).

NOTE The antiresonance frequency f; equals either the frequency of the first machine shell resonance or the
frequency of the first machine assembly resonance, whichever is lower. Examples seem to indicate that the latter
falls into the one-third octave band with the centre frequency of 40 Hz.

A.3|3.2 Force applied to the common base plate

In this case, f; = 40 Hz and the frequency f, is obtained from Formula (A.7), in whic¢h the[base plate
parpmeters are substituted.

A.4 Damped frames mounted on isolators

Maximums of driving-point impedances of a loaded damped frame (see-Figure A.5) can bg¢ evaluated
usinmg the log-log plot in Figure A.6.

The envelope curve consists of four straight lines corresponding to four frequency regions pumerated

with Roman numbers from I to IV in Figure A.6. Upper estimates Zg) (f), Zgl) (f) and ng (f) ofthe

driying-point impedance for the frequency regions I, [l'and IV, respectively, can be calculated from
Formulae (A.8) to (A.10):

z) (f)=% (A.8)
zg (f)=2nfm, (A9)
z{V) (F)=46 i, JEpg, (A.10)

whére

f  isthe frequency;
C isthe'total static stiffness of the isolators;

m, ., is-the total mass of the frame and machine;

h isthe thickness of the frame base p]:\fn;

E. isthe Young’s modulus of the frame material;

P is the density of the frame material.

© IS0 2019 - All rights reserved 13
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machinge By frame width
frame I, distance between strengthening ribs
isolatoy hg.  thickness of the base plate
frame length
Figure A.5 — Sketch of aloaded damped frame
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10 100 1000 10000

mechanical impedance
frequency
,f,  corner frequencies

Figure A.6 — Typical envelope of driving point impedances of the loaded frame

straight lines Zg)(f) and Zgl)(f) are met-at the point which corresponds to the natural

(1)

juency fo, and the straight line Z (f) which is the upper estimate of the impedange over the

juency region III, connects points 1 and 3 in Figure A.6, where point 1 corresponds to Zg“) (fl ) and

(A.11)

it 3 corresponds to ng)(fz). The corner frequencies fj, f; and f, can be calcujated from
mulae (A.11) to (A.13):

1 /C
fo= 2m\ m,

f1=0,650 Eielir

mg Lfr
fr—t zh_r LS
Ier \/pfr
where

(A.12)

(A.13)

a is adimensionless factor depending on the ratio 6 between the frame length L;. and width By,

6 = L¢ /B¢, as shown in Figure A.7;
Ji is the second moment of the frame profile along the axis Y [see Figure A.5 a)];

l¢. is the average distance between strengthening ribs of the frame [see Figure A.5 b)].

© IS0 2019 - All rights reserved
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2,4

2,2
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1

Figure A.7 — Relationship between the factor « and;the frame dimension ratio L /By,

In the vicir
lies higher

Figure A.6]

A fr max

The drivin

L1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 19 2 2,1 22§

ity of the antiresonance frequency f; (approximately between 0,7f; and 1,3f;), the envelope
than specified by Formulae (A.9) and (AxI0) and reaches a peak value Z .. (point P in

which can be evaluated from Formula<fA.14):
2mfym,
=7 = Al14
frmax(fl) 0,15 ( )
p-point impedance of an unloaded suspended frame can be evaluated using the same envelope

curve as shown in Figure A.6. However, in this case, the natural frequency f, becomes less than 1{Hz,

and the fir

A.5 Mad

Maximum
structure |
facility (se

5t part of the curvewhich corresponds to the region I should be removed from the plot.

hine’s base plate

possibleivalues of driving-point impedances of a steel plate that works as an intermedjiate
etween.a rigidly mounted machine and a blocked heavy foundation of a building or transport
e Eigure A.8) can be evaluated using the log-log plot in Figure A.9.

16
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DJ TTONC VIEW

Key

1  machine 4  strengthening rib

2 base plate |  distance between strengthening ribs
3 heavy foundation h  thickness of the base plate

Figure A.8 — Sketch of a loaded base plate

© IS0 2019 - All rights reserved 17


https://standardsiso.com/api/?name=eb2297f5ff4a40f77d5ff620bf14f26c

ISO 10813-2:2019(E)

50 I
Key

Z  mechanpical impedance
f  frequerjcy, Hz
f>  corner frequency

Figurje A.9 — Typical envelope of driving point impedances of thesmachine’s base plate

The enveldpe of driving-point impedances Z(f) at frequencies higher’'than 50 Hz can be determined

from Formpla (A.15):
f7246h2a/Ep, f<f

46n*JEp, f>f,

f isthe frequency;
h is the thickness of the base plate;
E  isthe Young’s modulus of the base plate material;

p isthe density of the:base plate material;

f, is the corner frequency which can be calculated approximately from Formula (A.16):

h [E
fr=1p— =~
1*N\'p

(Al15)

(Al16)

where [ is the average distance between strengthening ribs of the base plate [see Figure A.8 b)].

NOTE At frequencies over 50 Hz, the driving-point impedance Z(f) depends on the mechanical properties of
the base plate itself. At lower frequencies, the properties of the heavy foundation also need to be considered. It
would be safe to assume for the envelope at frequencies below 50 Hz that it equals the driving-point impedance

Z(f) at the frequency of 50 Hz.

18
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