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Foreword

2:2015(E)

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.
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Introduction

General introduction to the ISO 7626- series on mobility measurement

Dynamic characteristics of structures can be determined as a function of frequency from mobility
measurements or measurements of the related frequency-response functions, known as accelerance and
dynamic compliance. Each of these frequency-response functions is the phasor of the motion response
at a point on a structure due to a unit force (or moment) excitation. The magnitude and the phase of

these functions are frequency-dependent.
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acceleration and displacement, respectively, instead of in terms of velocity. In ordg
b various parts of ISO 7626, only the term “mobility” is used. It is understood that all
and requirements described are also applicable to the determination of accelerance
mpliance.

ications for mobility measurements are for:

ing the dynamic response of structures to known or assumed input excitation;

determfining the modal properties of a structure (natural frequencies,"damping ratios and n
shapes];

i

ing the dynamic interaction of interconnected structures;

g the validity and improving the accuracy of mathematical models of structures;

determjining dynamic properties (i.e. the complex modulus of elasticity) of materials in pui

ite forms.

pplications, a complete description of the dynamic characteristics can be required y
nts of translational forces and motions+along three mutually perpendicular axes as w¢
nts of moments and rotational metions about these three axes. This set of measurem
b x 6 mobility matrix for each loCation of interest. For N locations on a structure, the sy
overall mobility matrix of size’6N x 6N.

ractical applications, it is_not necessary to know the entire 6N x 6N matrix. Often

measure the driving-point mobility and a few transfer mobilities by exciting with a for
ht in a single direction’and measuring the translational response motions at key poinf
"e. In other applieations, only rotational mobilities might be of interest.

mobility is defined as the frequency-response function formed by the ratio of the ph
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slational orrrotational response velocity to the phasor of the applied force or mognent

f the response is measured with an accelerometer, conversion to velocity is requirg

obtain the mobjlity: Alternatively, the ratio of acceleration to force, known as accelerance, can be

to characte

rize'a structure. In other cases, dynamic compliance, the ratio of displacement to force

be used.

d to
sed
can

NOTE

Historically, frequency-response functions of structures have often been expressed in terms of the

reciprocal of one of the above-named dynamic characteristics. The arithmetic reciprocal of mechanical mobility
has often been called mechanical impedance. It should be noted, however, that this is misleading because the
arithmetic reciprocal of mobility does not, in general, represent any of the elements of the impedance matrix of
a structure. Rather, conversion of mobility to impedance requires an inversion of the full mobility matrix. This
point is elaborated upon in ISO 7626-1.

Mobility test data cannot be used directly as part of an impedance model of the structure. In order to
achieve compatibility of the data and the model, the impedance matrix of the model is converted to
mobility or vice versa (see ISO 7626-1 for limitations).
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Introduction to this part of ISO 7626

For many applications of mechanical mobility data, it is sufficient to determine the driving-point
mobility and a few transfer mobilities by exciting the structure at a single location in a single direction
and measuring the translational response motions at key points on the structure. The translational
excitation force can be applied either by vibration exciters attached to the structure under test or by
devices that are not attached.

Categorization of excitation devices as “attached” or “unattached” has significance in terms of the ease
of moving the excitation point to a new position. It is much easier, for example, to change the location of
an impulse applied by an instrumented hammer than it is to relocate an attached vibration exciter to a

new
This
imp¢

pointon the STIUCtUre. Both Methods of excitation mave appiications to witich they are
part of ISO 7626 deals with measurements using a single attached exciter; measurenie
ict excitation without the use of attached exciters are covered by ISO 7626-5.

best suited.
hts made by
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INTERNATIONAL STANDARD ISO 7626-2:2015(E)

Mechanical vibration and shock — Experimental
determination of mechanical mobility —

Part 2:
Measurements using single-point translation excitation

This|part of ISO 7626 specifies procedures for measuring linear mechanical mobility and other frequency-
response functions of structures, such as buildings, machines and vehicles, using a gingle-point
tranglational vibration exciter attached to the structure under test for thé duration of the mgasurement.

It is [applicable to measurements of mobility, accelerance, or dynaniic compliance, either afs a driving-
measurement or as a transfer measurement. It also appliesto the determination of th¢ arithmetic
iprocals of those ratios, such as free effective mass. Although'excitation is applied at a 4ingle point,
therp is no limit on the number of points at which simultanediis measurements of the motign response
may[be made. Multiple-response measurements are required, for example, for modal analydes.

2 Normative references

The [following documents, in whole or in part;“are normatively referenced in this documpent and are
indigpensable for its application. For dated)references, only the edition cited applies. Hor undated
references, the latest edition of the referencéd document (including any amendments) appligs.

ISO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary

ISO [7626-1, Mechanical vibration\and shock — Experimental determination of mechanical|mobility —
Part|1: Basic terms and definjtions, and transducer specifications

3 [erms and definitions

For the purposesofithis document, the terms and definitions given in ISO 7626-1 and ISO 2p41 and the
following applyt

Note Asthis part of ISO 7626 deals with mechanical mobility, the notes to the definitions b¢low provide
morg detail than is given in ISO 2041.

31
frequency-response function
frequency dependent ratio of complex motion response to complex excitation force for a linear system

Note 1 to entry: Excitation may be harmonic, random or transient functions of time. The frequency-response
function does not depend on the type of excitation function if the tested structure can be considered a linear
system in a certain range of the excitation or response. In such a case, the test results obtained with one type of
excitation may be used for estimating the response of the system to any other type of excitation. Phasors and their
equivalents for random and transient excitation are discussed in Annex B.

Note 2 to entry: Linearity of the system is a condition which, in practice, is met only approximately, depending on
the type of system and on the magnitude of the input. Care has to be taken to avoid nonlinear effects, particularly
when applying impulse excitation. Structures which are known to be nonlinear (e.g. structures with fluid
elements) should not be tested with impulse excitation and great care is required when using random excitation
for testing of such structures.

© IS0 2015 - All rights reserved 1
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Note 3 to entry: Motion may be expressed in terms of velocity, acceleration or displacement; the corresponding
frequency response function designations are mobility, accelerance and dynamic compliance, respectively. In
some publications, these quantities are alternately referred to (in whole or in part) as mechanical admittance,
inertance and receptance, respectively. These alternate terms are avoided herein, and are provided only for

reference.

[SOURCE: ISO 2041:2009, 1.53, modified]

3.2
mobility
mechanica

1 mobility

complex ratia of the velacity taken ata pointin a mechanical system to the excitation force taken at the

same or oth

Note 1 to en
at pointj wi
other thant

Note 2 to ent
and “degree;-

Note 3 to en
either arect

Note 4 to en
rectilinear o

Note 5 to enffry: Mechanical mobility is an element of the inverse of mechanical impedance matrix.

[SOURCE: I§

3.3
driving-po
Yjj
frequency-y
force applig
freely with
structure iy

[SOURCE: I§

34
transfer m
Yij
frequency-1
force applig
any constrg
intended ap

er point in the system

[ry: Mobility is the ratio of the complex velocity-response at point i to the complex excitation

h all other measurement points on the structure allowed to respond freely without any-constr]
ry: The term “point”, as used here, designates both a location and a direction. The-terms “coordi
of-freedom” have also been used with the same meaning as “point”.

[ry: The velocity response can be either translational or rotational, and\the excitation force c3

linear force or a moment.

he, the units of the mobility term are m/(N - s) in the SI system:

0 2041:2009, 1.54, modified]

int mobility
esponse function formed by the complex velocity-response at pointj to the complex excit3
d at the same point with all othecmeasurement points on the structure allowed to resj

ut any constraint other than.those constraints which represent the normal support o
its intended application

0 2041:2009, Note tp-1.55, modified]

pbility

esponsefuriction formed by the complex velocity-response at pointito the complex excit3
d at peinty with all points on the structure, other than j, allowed to respond freely wit

plication

ose constraints which represent the normal support of the structure in its intendédsapplication.

force
nints

hate”

In be

Lry: If the velocity response measured is a translational one and/if the excitation force appliedl is a

ition
pond
f the

ition
hout

int other than those constraints which represent the normal support of the structure in its

[SOURCE: ISO 2041:2009, 1.56, modified]

3.5

frequency range of interest
span between the lowest frequency to the highest frequency at which mobility data are to be obtained
in a given test series

[SOURCE: ISO 7626-1:2011, 3.1.5, modified]

4 Overa

11 configuration of the measurement system

Individual components of the system used for mobility measurements carried out in accordance with

this part of

2

ISO 7626 shall be selected to suit each particular application.

© ISO 2015 - All rights res
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However, all such systems should include certain basic components arranged as shown in Figure 1.
Requirements for the characteristics and usage of those components are given in the relevant clauses.

N O U W

5

5.1

Mob

force transducer

Support of the structure under test

General

susp

Figure 1.2 Block diagram of mobility measurement system

lity\ measurements are performed on structures either in an ungrounded condi
ended) or in a grounded condition (attached to one or more supports), depending on f{

I\ | o |
3 =|4/ > 5
e
]
| )
S 1 L
12 ‘ g ‘\
— 8
B el
Y \
9
13
1
———2
basic feature 8 structure under test
pptional feature 9 motion response transducer(s)
signal generator 10 signal conditioners
pbower amplifier 11 monitoring oscilloscope
yibration exciter 12 analyser
Hrive rod 13 plotter or other output device

tfion (freely

he purpose

of the test. The restraints on the structure induced by the application of the vibration exciter are dealt
with in 6.4.

5.2

Grounded measurements

The support of the test structure shall be representative of its support in typical applications unless it
has been specified otherwise. A description of the support should be included in the test report.

5.3

Ungrounded measurements

A compliant suspension of the test structure shall be used. The magnitude of driving-point mobility
of the suspension at each point of attachment to the structure under test should be at least 10 times

© ISO 2015 - All rights reserved
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greater than that of the structure at the same attachment point, within the frequency range of interest.
Details of the suspension system used shall be included in the test report.

In the absence of quantitative information, design of the suspension is largely a matter of judgment
depending on the frequency range of interest. As a minimum requirement, all resonance frequencies of
the rigid-body modes of the suspended structure shall be less than half the lowest frequency of interest.

Items commonly used to provide compliant suspension include shock cords and resilient pads of
material such as foam and rubber. Since some suspension systems have mass but little damping, care
shall be taken to ensure that the frequencies of the suspension resonances are well away from the
modal frequencies ofthe test structure 1tse1f The masses of any suspensmn components such as hooks
and turnbufkie ' el free
effective mass of the structure at each frequency of interest.

sion
ts of
fure.
rase,

Preliminary testing should be performed to identify locations for the attachment of the:suspen
with the mlinimum possible effect on the intended measurements. Suspension near nodal poin
the structufe under test will minimize the interaction of the suspension system with-the struc
Suspension|cables should run normal to the direction of excitation, if practical, and-even in this

transverse tring vibrations of suspension cables can affect the data.

CAUTION - the

suspensior

— Attention should also be paid to any added damping of:the structure due to
| system.

6 Excitation

6.1 Gendral

The selectipn of appropriate excitation depends on the particulars of the measurement application.

Factors to

amplitude
the capabili
Fast Fourie
determinat
range of int
used to exc
methods. Fe

6.2 Excit

consider when selecting the appropriate\excitation include the frequency-response
haracteristics of the exciter to be used,.desired signal-to-noise ratio, available test time
fies of the available analyser and signal-generation equipment. Prior to the advent of mo
F Transform (FFT) analysers, thesmost common waveforms were sinusoidal. This allg
on of aresponse at a single frequency, requiring a process of stepping through the frequ
brest one frequency at a timeyWith modern FFT analysers, more complex waveforms cg
te wider frequency bandsto produce frequency response functions via Fourier proceg
atures of various types.of waveforms and exciters are provided in 6.2 and 6.3.

ation wavefornis

6.2.1 General

Applicable
part of ISO
waveforms
waveforms

6.2.2 Dis

pxcitation*waveforms include, but are not limited to, those described in 6.2.2 to 6.2.5.
7626 ‘reflects technology in wide use during its drafting and is not inclusive of all pos

that'may be used. Comparative advantages and disadvantages of the different type¢

and
and
dern
wed
ency
n be
sing

This
sible
bs of

al 1. h Y £ 41
dIIU SLTUCLUrces dre ulscusscl I ReICTCIICe &1,

cretely dwelled sinusoidal excitation

The excitation for a given measurement consists of a set of individual discrete-frequency sinusoidal
signals, applied sequentially. The frequencies of the signals are incrementally spaced over the frequency
range of interest; requirements for selecting the frequency increment are given in 9.2.2. At each
frequency, the excitation is applied over a small interval of time. The length of the time interval shall be
sufficiently long to achieve steady-state response of those natural vibration modes of the structure that
are excited at the particular frequency and to achieve proper processing of the signal.
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6.2.3 Slowly swept sinusoidal excitation

The excitation for a given measurement is a sinusoidal signal continuously swept in frequency from the
lower to the upper limit of the frequency range of interest. The rate at which the frequency is swept shall
be slow enough to achieve quasi-steady-state response of the structure; requirements for selecting the
sweep rate are given in 9.2.3. Over a small interval of time, the energy of excitation is concentrated in

the small frequency band swept during that interval.

6.2.4 Stationary random excitation

The waveform of stationary random excitation has no explicit mathematical representation, but does

have
sped
the €
with

6.2.5

6.2.]

Add
mod|
used
Thes
the 1

6.2.]

The
shap
digit

6.2.]

A pe
dow
oscil
sign

6.2.]

A su
prog
sine

certain statistical properties. The spectrum of the excitation signal shall be speci
tral density of the exciting force. Recommendations for shaping the spectral densityto
xcitation in the frequency range of interestare given in 9.4.3. All vibration modes having
in this frequency range are excited simultaneously.

b Other excitation waveforms

5.1 General

tional types of waveforms, described in 6.2.5.2 to 6.2.5.5, also-simultaneously excite 3
es within a frequency band of interest. The methods of sighal processing and excita

e waveforms are repetitive and are recommended when synchronous time-domain J
esponse waveform is necessary to measure properly~the motion response of the struct

b.2 Pseudo-random excitation

excitation signal is synthesized digitally~in the frequency domain to attain a desire
e. An inverse Fourier transformation*of the spectrum may be performed to generat
al signals which are then converted-to-analogue electrical signals to drive the vibratior

b.3  Periodic-chirp excitation

riodic chirp is a rapid repetitive sweep of a sinusoidal signal in which the frequency is
n between selected frequency limits. The signal may be generated either digitally or
lator and should be-syrchronized with the signal processor for waveform averaging to
hl-to-noise ratio,

b.4  Periadic-impulse excitation

itably shaped impulse function, usually generated digitally, is periodically repeated
essonshould be synchronized with the signal generator. The impulse function shape (ty
or.decaying step functions) shall be chosen to meet the excitation frequency requirems

fied by the
Concentrate
frequencies

11 vibration
fion control

in conjunction with these waveforms are similar to those'used with stationary-random excitation.

veraging of
ure.

d spectrum
e repetitive
exciter.

swept up or
by a sweep
mprove the

The signal
pically half-
nts.

6.2.5.5 Periodic-random excitation

Aperiodic-random excitation combines the features of stationary random and pseudo-random excitation
in that it satisfies the conditions for a periodic signal and yet changes with time so that it excites the
structure in arandom manner; this is done by using different pseudo-random excitation for each average.

6.3 Vibration exciters

Devices commonly attached to the structure under test to apply input forces having desired waveforms
include electrodynamic, electrohydraulic, piezoelectric, and rotating eccentric mass vibration exciters.
The frequency ranges of general applicability for each type of exciter are shown in Figure 2.

© ISO 2015 - All rights reserved
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The basic requirement of a vibration exciter is that it shall provide a sufficient force and displacement
capability so that mobility measurement can be made over the entire frequency range of interest with an
adequate signal-to-noise ratio. A vibration exciter with higher force output might be required to apply
adequate broad-band random excitation to a given structure than is needed for sinusoidal excitation.
Exciters with lower force output may be used if a band limiting of the random noise is selected or if time-
domain averaging of the excitation and response signal wave-forms is used (see 6.2.5).

NOTE The coherence function can be used as a measure of the adequacy of the vibration exciter in relation to
background and electronic noise.

The excitation-force input to a structure gives rise to a reaction force which is provided either by the

exciter sup ; 13 a)
and 3 b). If necessary, an additional mass should be attached to the exciter. An incorrect set-upwhich
would allow transmission of exciter reaction forces to the structure via a path other than through the
force transducer, i.e. through a common base on which both the exciter and the structureare/mounted,
is illustratefd in Figure 3 c).
[ TT1 I IIIIIII| T T TTTTI T T TTTTI I IIIIIII|
1
2
- 7
3 e
L
4
L 111 I IIIIIII| )1 LIl [ R [ R
1 10 100 1000 10 000
Frequency, Hz
Key
1 piezoeldctric 3 electrohydraulic
2 electrodynamic 4 eccentric rotating mass
Figure 2 — Frequency ranges of typical vibration exciters
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1 \%
O—
Z\JD[

a) Reaction by external support b) Reaction by exciter inertig

I
1
) Il ll
-
c¢) Reaction by excited structure: undesirable

Key
1  structure suspension 3 exciter suspension
2 exciter support

Figure 3 — Reactions of exciter
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6.4 Avoidance of spurious forces and moments

6.4.1 General

For translational mobility measurements, it is required that the excitation force be applied only along
the intended direction at the points of interest on a structure.

Any spurious moment or force (other than that along the intended direction) will cause errors in the
resulting mobility data. The driving point and all measurement points on the structure shall be free to
respond by moving in any direction without restraint. Dynamic interactions between the structure and
the motion and force transducers as well as between the structure and the exciter shall be avoided. In
order to enqure that spurious forces and moments be avoided the factors dealt with in 6.4.2 to 6.4¢4 $hall
be taken info consideration.

6.4.2 Transducer mass loading

Spurious fofrces are generated at each transducer attachment point as a result of th€ acceleratign of
the transdycer mass. Measurement errors caused by mass loading shall be minimized by sele¢ting
transducerg having the smallest mass consistent with sensitivity requirements. When measyring
driving-poiht mobility, such loading by a force transducer can be electronically*¢compensated to a ceftain
extent (see [1.3).

6.4.3 Transducer rotational inertia loading

Spurious mloments are generated at each transducer attachment point as a result of the rotatjonal
acceleration of the transducer, especially impedance heads which may have a large rotational ingrtia.
Such spuriqus moments shall be minimized by selecting.transducers having low moments of ingertia

oments and cross-axis forces are\generated at the exciter attachment point by restraints
imposed on|the rotational and lateral driving<point responses of the structure under test. For exarmple,
clamping c¢nstraints introduced by thevexciter/impedance head assembly could adversely affect the
nt of low-order modes in test structures. The use of area-reducing cones may be requir¢d to
approximate more closely a point driving force.

NOTE1  Afea-reducing cones.¢an further increase the likelihood of introducing a spurious moment if cajreful
consideratiop is not given to their*use.

Avoidance of exciter attachment restraints is often the most difficult problem encountered when ysing
fixed vibratlion exciters'to measure the mobility of lightweight structures.

To avoid measufement errors caused by attachment restraints, the magnitudes of the lateral|and
rotational driving-point mobilities of the exciter attachment, when the exciter and attachment hardyare
are disconnkeeredfromthe strpeture shall be ot loact ton timac laroar ot oll Bagponclac ol dntaract Than
those of the corresponding elements of the driving-point mobility matrix of the structure itself.

In the absence of quantitative data for either lateral or rotational driving-point mobility, determination of
whether a particular test set-up avoids measurement errors caused by significant attachment restraints
is often a matter of judgment. The following items shall be taken into consideration:

a) the use of a free-floating voice-coil exciter as in Reference [5];

b) the design of the support system for an inertia-controlled exciter such that the reaction to the force
applied to the structure under test will not result in any rotational motion of the exciter nor in any
motion transverse to the axis of the force transducers;

c) theinstallation of a drive rod connecting the exciter to the force transducers.
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The drive rod shall be designedI[6] to provide a high stiffness in the axial direction and sufficient flexibility
in all other directions. Slender short rods are frequently used for this purpose; however, thick rods with
thin flexible sections near each end may give better results. Care shall be taken to ensure that the exciter
and drive rod are aligned with the force transducer axis.

If flexible drive rods are used, the accelerometer shall be attached directly to the structure in all cases.
The accelerometer shall not be connected to the structure via intermediate devices, such as drive rods,
the axial compliance of which would render motion-response measurements invalid [see Figure 4 a)].
The force transducer shall be arranged so that it always measures the force transmitted from the drive
rod to the structure [see Figure 4 b)]. Only with extreme caution can the force transducer be located at
the exciter end of the rod [see Figure 4 c)]. If the arrangement illustrated in Figure 4 c) is unavoidable,
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Measurement of the exciting force and resulting motion response
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j=~/—1, fis the frequency concerned, the integer exponent n = -2 for acceleration measurement to

displacement presentation, n = -1 for acceleration to velocity or velocity to displacement, n = 1 for
displacement to velocity or velocity to acceleration, and n = 2 for displacement to acceleration.

Attachment of transducers

Two methods commonly used to attach force and motion transducers to structures are threaded
studs and cement; detailed guidance on transducer attachment methods is given in ISO 5348 and

Refe

rences [7], [8] and [9].
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The excitation force shall be transmitted as directly as possible through the force transducer or
impedance head to the structure with as few intervening components as practical. If the surface of the
structure is not flat at the transducer attachment points, appropriately shaped metallic mounting pads
shall be used. A thin film of a viscous fluid (such as heavy oil or grease) between the transducer and the
mounting surface may improve the attachment coupling at high frequencies. The effects of attachment
compliance should be checked as described in ISO 7626-1. Force transducers mounted on studs shall be

tightened to the torque recommended by the transducer manufacturer.

7.3 Mass loading and mass cancellation

As outlined d
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head as defined in ISO 7626-1.
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criterion cannot be met, the following compensation procedure;commonly known as “inass

”

, may be considered. The acceleration signal at the point of)excitation is obtained
bither in an analogue circuit or digitally, by the total effectiv€ mass to be compensated
resents that part of the exciter output force which is required to accelerate the effe
to the structure for the purpose of carrying out thetest. This force signal is subtra
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analogue circuit or digitally, from the force transducersignal to obtain the net exciting force

e structure under test.

e driving-point accelerometer is used below the force transducer [see Figures 4 b) and
the accelerometer shall also be included inthé determination of the total effective mas#{

ing-point mobility measurements, the dccelerometer used for measuring the response
so provides the signal for determining the force required to accelerate the effective
sfer-mobility measurements, hgwever, a separate accelerometer at the driving point o
required in order to obtain the signal to be used for mass cancellation.
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Ices can only be mihimized by choosing transducers of low inertia. Measurement e
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the driving point is greater than 0,05 and less than 0,5.

7.4 Signal amplifiers

Typically piezoelectric force and motion transducers require charge amplifiers. Alternatively high-
impedance voltage amplifiers may be used.

NOTE1 N

NOTE 2

ewer piezoelectric transducers have built-in charge amplifiers.

Voltage amplifiers have more severe low frequency response limitations than charge amplifiers.

10

The sensitivity of a voltage amplifier tends to be affected by the impedance of the transducer cable.
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7.5 Calibrations

7.5.1 General

Requirements for basic and supplementary transducer calibrations are given in Clause 7 and Clause 8
of ISO 7626-1:2011; both are essential for determining the suitability of piezoelectric transducers for
mobility measurements. The basic calibrations of each transducer should be performed every other

year.

NOTE Calibration procedures for vibration transducers are specified in ISO 5347 and ISO 16063.

The [actual overall measurement system shall be calibrated at the beginning of each day’;
by performing the operational calibration described in 7.5.2. The operational calibration-§
chedked at the end of each test series. Additional calibrations may be performed diwing
reqyired.

7.5. Operational calibration

Operational calibrations shall be performed by measuring either the miobility or the acce
freely suspended rigid calibration block of known mass. All components.ofthe measurement s
be connected in the same manner as they will be in the test series. The'measured frequency 1
the qalibration block shall agree within +5 % of its known correctwvalue, for example with the
of the accelerance 1/m or with the magnitude of the mobility;1/(2 f m), where m is the k
of tHe calibration block. The same attachment hardware thatis to be used in the measure
shall| be used for the operational calibration so that any~érror caused by the attachment
may|be detected (see ISO 7626-1). The mass of the calibration block shall be selected so that
is representative of the range of mobilities involvediin the measurement series. If necess

opetfational calibrations shall be performed withlappropriate calibration blocks to cover t

mobijlities involved.
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Figure 4 — Connection of drive rod and transducers
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8 Processing of the transducer signals
8.1 Determination of the frequency-response function

8.1.1 General

The motion and force signals shall be processed by an analyser which filters the signals (and performs
mass cancellation, if required) and determines the ratio of their magnitudes as well as the phase angle
between the signals, both as functions of frequency. The analyser should also perform the mathematical
operations which may be required for converting the measured frequency-response function to another
type (for example, converting accelerance to mobility] (Se€ 7.IJ. Processing requirements pertaining to
the various|excitation waveforms described in 6.2 are specified in 8.1.2 and 8.1.3.

8.1.2 Sinpsoidal excitation

The magnitpde of the frequency-response function shall be determined by analogueridigital means as
the ratio offthe amplitudes of the two sinusoidal signals. The phase of the frequency-response fungtion
shall be detprmined by measuring the difference between the phase angles of the two signals.

8.1.3 Random excitation

Transducer|signals generated with random, periodic random, pseudo-random, periodic chirp or impgulse
excitation should be processed using digital Fourier transform analysers. As described in ISO 7626-1,
the frequerjcy-response function may be obtained by suitable«computations such as the ratio of the
cross-spectfal density between the motion response and tlie excitation force divided by the quto-
spectral density of the excitation force. Estimates of those spectra shall be computed by disdrete
Fourier trapsformation of the properly time-domain wéighted excitation and response signals|(see
8.4.3). A suffficient number of spectra shall be averaged'te'achieve that, at each resonance frequency, the
normalized|random error in the computed driving-peint mobility is less than 5 % (see Annex A). At |east
the same nymber of spectra shall be averaged when computing the corresponding transfer mobilitfes.

NOTE1 When measuring transfer mobilities, it ' might not be possible to achieve the level of random ¢rror
specified abqve, especially when the response is measured ata pointand in a direction where the transfer mobility
has a small njagnitude. Little is gained in such'cases by increasing the number of spectra that are averaged, belyond
those requirgd to meet the above criterion)for the corresponding driving-point mobility test.

NOTE 2  To-channel Fourier analysers can obtain only a single frequency-response function in a given
measuremerjt run. Analysers withhadditional response channels can be used if simultaneous measurement of
several freqyency-response functions is desired.

8.2 Filtering

8.2.1 Sinpsoidal excitation

=kesponse a Lon abs pe alaala ed g on avalNa Alaala¥ala¥ala a e alaalala and

excitation signals corresponding to the excitation frequency. Suitable filters or synchronous digital
sampling shall be used for minimizing noise and harmonics without altering the phase between the
excitation and response signals.

NOTE Tracking filters are traditionally used for this purpose. Tracking filters are phase-matched, narrow
passband analogue devices which use a heterodyne process to adjust automatically to the excitation frequency.
Alternatively, digital signal processing devices can be used to synchronize the data sampling function with the
frequency of excitation signal.

8.2.2 Random excitation

Filtering to remove noise and harmonics from the excitation and response signals is not feasible when
random excitation is used. The signal-to-noise ratio can be enhanced by using band limiting techniques,
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however. Suitable filters should be used to limit the excitation bandwidth as described in 9.4.3. Phase-
matched, anti-aliasing filters having sharp high-frequency roll-off rates are always required when using
digital analysers to avoid errors caused by signal components having frequencies above the highest
frequency of the analysis range.

8.3 Avoidance of saturation

Systematic checks on gain settings to avoid saturation of the signal amplifiers are vitally important
to ensure the validity of the measurement. The overload indicator of an analyser responds only to
saturation which occurs within, but not prior to, the analyser. As shown in Figure 1, an oscilloscope
should be used to monitor the cignalc at suitable stages prior to the :m:\lycpr unless the preamp]ifiers

are ¢quipped with overload indicators.

NOTE Saturation can be detected visually by the clipped appearance of the waveform(as-it appears on the
oscilloscope.

8.4 | Frequency resolution

8.4.1 General

The [resolution shall be fine enough to resolve all the eigen frequeneies of the test structur¢ within the
freqpency range of the interest and to evaluate the modal damping adequately. The sampling frequency
shal| be at least ten times higher than the frequencies of intetest.

8.4.2 Sinusoidal excitation

For [slowly swept and discretely dwelled sinuseidal excitations adequate resolution of resonance
freqpencies requires that the time rate of change of the excitation frequency be sufficiently slpw (see 9.2).

8.4.3 Random excitation

For the excitation waveforms described in 6.2.4 and 6.2.5, adequate frequency resolutipn requires
sufficiently small frequency increments in the discrete-frequency Fourier transform analysis. The
freqpency increments (line spacing), in hertz, shall be determined from consideration of the modal
dendity and modal damping-of the structure under test. Furthermore, time-domain weighting of the
signpls using the Hanning‘er other suitable time-weighting function should be used tp maximize
freqpency resolution (see.Reference [10]).

NOTE1  For structures that have light mechanical damping, the required number of samples of dligitized data
(i.e. the sample “block/size”) is large if the spectra of the excitation and response signals are computed for the
entirje frequencyizange of interest (i.e. by a “baseband” Fourier analysis). Alternatively, a Fourier anglysis limited
to a gelected ffequency band (zoom), or a combination of both, may be used. In either case, the totaljtime (record
length) required, in seconds, will be the reciprocal of the required frequency increment (resolution)} in hertz.

NOTE 2~ " Random excitation can be considered a time series of impulse functions (Duhamel’s approach). It is
easil i i i ult of earlier
excitation; the response is thus not corresponding (coherent) to the excitation. Near the end of the data block
there is still excitation, but the response is truncated, depending on the ratio of the decay time and the total
time for sampling the data block and the place of the “excitation impulse” in the block; this again produces a
bad coherence. The better part of the coherent excitation and response data is found in the middle of the data
blocks. The application of Hanning windows is sometimes recommended to improve the coherence of mobility
data; however, it remains a compromise inherent to random excitation for mobility measurements.

8.4.4 Periodic excitation

Periodic random, chirp and impulse excitations do not suffer from the problems described in 8.4.3.
Since periodic excitation produces a head-to-tail connection of the subsequent data blocks, the starting
transients shift over to the next block and, after a certain time, each data block includes all the response
data. In principle, no averaging is necessary. In some cases, the coherence function may be used to
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provide an estimate of the extraneous noise and, thus, provide guidance in selecting the appropriate
signal-averaging parameters (see Annex A).

9 Control of the excitation

9.1 General

Control of the excitation time is necessary to achieve adequate frequency resolution; control of the
excitation amplitude is usually necessary to achieve an adequate dynamic range.

9.2 Time

9.2.1 General
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Table 1 — Maximum error in measurements of the magnitude of the motion response of a
structure at resonance when using discretely dwelled sinusoidal excitation

Ratio of dwelled frequency increment | Maximum error in the measurement of the magnitude of the
to true half-power bandwidth of a response peak
structural mode % dB
Greater than 1 More than 29,3 More than 3
1 29.3 3
1/2 10,6 1
1/3 51 0,5
1/4 3 0,3
1/5 19 0,2
1/6 1,4 0,1
1/7 1 0,1
1/8 0,7 01
NOTE Theerrorsgivenin thistable were calculated by means of a formula published in Reference [11]; howeVer, additional
termfs were carried in the computations to improve the accuracy.

9.2.3 Slowly swept sinusoidal excitation

If slgwly swept sinusoidal excitation is used, the frequency shall be varied either asalinear orflogarithmic
fundtion of time. The sweep rate shall always be chosen so that, in the frequency range within #10 % of
a regonance frequency, the measured magnitudeof the motion response of the structure isfwithin 5 %
of tl—le true value.

For linearly swept excitation, the maximumi sweep rate, (df/df)max, in hertz per minute, shall be as given
by Fprmula (2):

df /dt) iy <54(f,)% / Q2 2)

For Jogarithmically swept excitation, the maximum sweep rate, (df/dt)max, in octaves per ninute, shall
be af given by Formula‘(3):

Af /) max <B16 f/Q° (3)

In tHese twe-x€lationships,

fi is the estimated resonance frequency;

Q is the estimated dynamic amplification (quality) factor of the structural mode of concern at the
resonance frequency.

NOTE The two relationships given in Formulae (2) and (3) are taken from Reference [11] and are intended to
ensure that essentially steady-state measurements are obtained.

9.3 Time required for random excitation

The excitation shall be applied and the motion response measured for a duration long enough to permit
averaging the number of spectra specified in 8.1.3.

The number of spectra to be averaged is a function of the signal-to-noise ratio of the measurement
system. The coherence function between the excitation force signal and the motion-response signal

© IS0 2015 - All rights reserved 17


https://standardsiso.com/api/?name=19cbfdc43a5cfc595b093c5e4a69b72b

ISO 7626-2:2015(E)

shall be used to determine the minimum number of spectra that have to be averaged to ensure that the
normalized random error is less than 5 % (see A.1).

The excitation time, in seconds, required for obtaining each spectrum is the reciprocal of the frequency
increment, in hertz, of the discrete Fourier transform (see notes to 8.4.3).

9.4 Dynamic range

9.4.1 General

The mobility—a damped structures typically covers a ma ude range of more than 105: 1
(100 dB) oyer the frequency range of interest. Each data channel, in addition to having a makigum
working voltage above which saturation occurs, has a minimum voltage below which electronic joise
and, for digjtal systems, noise associated with the digitizing process becomes significant in.compaiison
with the signal. (This is referred to as the noise floor.) For accurate measurements, the centrol of the
excitation shall be such that the voltages in both channels remain within those bounds-Guidelines for
excitation dmplitude control to achieve adequate dynamic range for mobility meastirements using the

various types of excitation waveform are given in 9.4.2 and 9.4.3.

9.4.2 Sinpsoidal excitation

With a constant excitation force amplitude, the maximum dynamic 4£ange that can be achieved for a
mobility mgasurement is the dynamic range of the response signal ¢hiannel of the measurement system
(typically %proximately 300:1 or 50 dB). In order to increase-the attainable range, the excitgtion

amplitude should be reduced in the vicinity of each resonance frequency (response peak) and increpsed
in the vicinjity of each anti-resonance frequency (response dip). The limitation of attainable dynamic
range as a rjesult of the use of constant-amplitude excitation is illustrated in Figure 5 a), c), and e). With
constant-amplitude excitation, the maximum measured, motion-response magnitude is less than the
true maximum motion response because of amplifier saturation. Likewise, the measurement of the
true motion response at structural anti-resonanees is limited by electronic noise. The improvement
in dynamic|range obtainable by proper control*of the amplitude of the exciting force is illustrated in

Figure 5 b),|d), and f).

9.4.3 Random excitation

The concept of excitation control described in 9.4.2 and illustrated in Figure 5 b), d), and f) should|also
be used whien the excitation force' has one of the random waveforms described in 6.2.4 or 6.2.5.|As a
minimum, fhe excitation spectrum shall be truncated sharply at the maximum frequency of int¢rest
to eliminatg excitation andresponse signals above the maximum frequency of interest. If band-limited
analysis is ysed to increasethe frequency resolution of the measurements, the excitation shall be linpited
by bandpass (or by high- and low-pass) filters to the frequency band selected for the high-resolytion
measurements (see'84.3).

10 Tests for'valid data

When mobility data are measured with random excitation of the vibration exciter, the procedure
described in A.1 may be used to estimate the minimum number of spectra that need to be averaged to
achieve a specified level of confidence in the results. Additional tests, applicable to all types of excitation,
are described in A.2 to A.4. The additional tests provide useful information on linearity, reciprocity, and
the general validity of the test results.
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If the data are plotted on pre-printed mobility graph paper (see ISO 7626-1), proper alignment of the
graph paper with the plotter should be verified, using a procedure appropriate for the plotter being
used.

b) Variable amplitude‘excitation

d) Variable amplitude excitation

4 :
e) Constant amplitude excitation f) Variable amplitude excitatlion
Key
1 [requency 5 true force amplitude or auto-spectral density
2 maximum working level 6 true motion amplitude or auto-spefctral density
3 OiSe ffooT 7 TEdSUTred {TeqUETCy TeSPOITSe magnitude
4  attainable dynamic range

Figure 5 — Illustration of increase in attainable dynamic range through use of variable
amplitude excitation rather than constant amplitude excitation

11 Modal parameter identification

The purpose of many mobility tests is to identify the modal parameters of the structure under test.
Interpretation of mobility data for that purpose is beyond the scope of this part of ISO 7626; general
principles are discussed, however, in Annex C.
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Annex A
(normative)

Tests for validity of measurement results

A.1 Coherence

When non-dinusoidal excitation (see 6.2.4 and 6.2.5) is used, the coherence function, y 2(f), betweel

force signal
the comput
estimate of

ed frequency-response function. At least two ensembles shall be averaged to obtain a ug
the coherence function.

Mathematidally, the coherence function, y 2(f), is defined as the ratio of the squaré'ofthe magnitu

the cross-p

pwer spectrum between the excitation force (input) and the motion résponse of the strug

(output), diyided by the product of the input power spectrum times the outputpower spectrum, as g

in Formula

r2(f)=
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Gy (F)|
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By definitidn, the value of the coherence function is 0 < y 2(fJ°« 1. A typical coherence function pl
illustrated in Figure A.1.
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Figure A.1 — Typical coherence function plot

ly lower values of the coherence function are indications of the following problems.

a) Notchesin the coherence function at the resonance and anti-resonance frequencies of the structure
under test are an indication that either

1) the frequency resolution is inadequate (i.e. the analysis bandwidth is excessive, as discussed in
Reference [12]), or

Inadequate frequency resolution causes bias errors in the computed frequency-response function.
The guidance given in 8.4.3 should be considered for methods of improving the frequency resolution.

2) inadequate time-domain weighting is used in the analyser (see 8.4.3), or
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