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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-governmentak—in—Hai Mth—SO; alke—part—inA e—work—SQO ith the
International| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tgsk of technical committees is to prepare International Standards. Draft International Standards
adopted by [the technical committees are circulated to the member bodies for voting(OPublication as an
International| Standard requires approval by at least 75 % of the member bodies casting a‘vote.

Attention is firawn to the possibility that some of the elements of this document¢may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 7626-1 |was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and condlition
monitoring.

This second edition cancels and replaces the first edition (ISO(7626-1:1986), which has been techn|cally
revised.

ISO 7626 cpnsists of the following parts, under the general title Mechanical vibration and shogk —
Experimentgl determination of mechanical mobility:

— Part 1: Basic terms and definitions, and transducer specifications
— Part 2: Measurements using single-point translation excitation with an attached vibration exciter

— Part 5: Measurements using impactexcitation with an exciter which is not attached to the structure

iv © 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=a19a6d3f9efa2f84a759f691eec76a3f

INTERNATIONAL STANDARD

ISO 7626-1:2011(E)

Mechanical vibration and shock — Experimental determination
of mechanical mobility —

Part 1:
Basic terms and definitions, and transducer specifications
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Scope

part of ISO 7626 defines basic terms and specifies the calibration tests, enyironmental tests
surements necessary to determine the suitability of impedance heads; force transducers
bnse transducers for use in measuring mechanical mobility. Primarily, it provides guide
tion, calibration and evaluation of the transducers and instruments-for their suitability in ma
surements. Procedures for carrying out mobility measurements-in. various circumstances are
equent parts of this International Standard.

part of ISO 7626 is limited to information which is basic to various types of driving-point
lity, accelerance and dynamic compliance measuremeénts. Measurements of the blocked im
ealt with.

Normative references

ences, only the edition cited applies. For undated references, the latest edition of the
ment (including any amendments) applies.

P041:2009, Mechanical.vibration,shock and condition monitoring — Vocabulary
347 (all parts), Methiods for the calibration of vibration and shock pick-ups
16063 (all parts), Methods for the calibration of vibration and shock transducers

50263,Seales and sizes for plotting frequency characteristics and polar diagrams

following referenced documents(are indispensable for the application of this document.

and physical
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3 Terms, definitions, and symbols

3.1 Terms and definitions

For the purpose of this document, the terms and definitions given in ISO 2041 and the following apply.

NOTE As this part of ISO 7626 deals with mechanical mobility, the notes to the definitions below provide more detail
than is given in ISO 2041.

3141

frequency-response function
frequency-dépendent ratio of the motion-response Fourier transform to the Fourier transform of the excit
force of a linpar system

ation

NOTE 1 Ekcitation can be harmonic, random or transient functions of time. The frequency-response function dogs not
depend on the¢ type of excitation function if the tested structure can be considered as 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 can be/used for estimating
the response| of the system to any other type of excitation. Phasors and their equivalents fofi random and transient

excitation are|discussed in Annex B.

NOTE 2  Linearity of the system is a condition which, in practice, is met only approximately, depending on the tyjpe of
system and gn the magnitude of the input. Care has to be taken to avoid non-linear éffects, particularly when applying
impulse excitation. Structures which are known to be non-linear (e.g. certain riveted'structures) should not be tested with
impulse excitation and great care is required when using random excitation for testing such structures.

NOTE 3 tion may be expressed in terms of velocity, acceleration or.displacement; the corresponding frequ
response furlction designations are mobility (sometimes called mechanical admittance), accelerance (some
unfortunately falled inertance; this term should be avoided because it'is\n’ conflict with the common definition of ac
inertance and also contrary to the implication carried by the term inertance) and dynamic compliance (sometimes

Bncy-
fimes
ustic
alled

receptance),
the motion re
these functio
corresponding

NOTE4 F

a) driving g
evaluatid
formula€l

transfer
evaluatid

b)

NOTES A

3.1.2
mobility
mechanical

espectively. These are summarized in Table 1. Each;of these frequency-response functions is the pha

sponse at a point on a structure due to a unit force (0r moment) excitation. The magnitude and the ph3

ns are frequency dependent. Typical magnitude graphs for accelerance and for dynamic compli
to the mobility graph shown in Figure 1, are shown in Figures 2 and 3, respectively.

equency response functions can be further differentiated as

oint response function, where 4he: excitation and response are measured at the same location fg
n of the frequency-response function, e.g. the use of an impedance head for the measurements (i =
in Table 1);

response function, where the excitation and response are not measured at the same location fg
n of the frequency-fesponse function (i = j in the formulae in Table 1).

Hapted from IS@, 2041:2009, 1.53.

sor of
se of
ance,

r the
n the

r the

mobility

Yy

complex ratio of the velocity, taken at point i in the mechanical system, to the excitation force, taken at the

same or ano

NOTE 1

ther point in the system

Mobility is the ratio of the complex velocity-response at point i to the complex excitation force at point j 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.

NOTE 2

NOTE 3

The term “point” designates both a location and a direction.

rectilinear force or a moment.

The velocity response can be either translational or rotational, and the excitation force can be either a

© 1S0O 2011 — All rights reserved
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ng or driving-
points on the

be measured
hce [16]) are,

tdances at all

using lumped
mathematical
nto a mobility

NOTE 4 If the velocity response measured is a translational one and if the excitation force applied is a rectilinear one,
the units of the mobility term are m/(N-s) in the Sl system. A typical graph is shown in Figure 1.

NOTE 5  Mechanical mobility is the matrix inverse of mechanical impedance.

NOTE 6 Adapted from ISO 2041:2009, 1.54.

313

blocked impedance

Zj

impedance at the input when all output degrees of freedom are connected to a load of infinite mechanical
impgtance

NOTE 1 Blocked impedance is the frequency-response function formed by the complex ratio of thé blocki
point|force response at point i to the applied excitation velocity at point j, with all other measurement
strucfure blocked, i.e. constrained to have zero velocity.

NOTE 2  All forces and moments necessary to constrain fully all points of interest on the(structure need to
in orfler to obtain a valid blocked impedance matrix. Blocked impedance measurements (see Refere
therefore, seldom made and are not dealt with in the various parts of this International ‘Standard.

NOTE 3  Any change in the number of measurement points or their locatiopichanges the blocked imp4
meaqurement points.

NOTE 4  The primary usefulness of blocked impedance is in the mathematical modelling of a structure
masg, stiffness and damping elements or finite element techniques;\When combining or comparing such
modgls with experimental mobility data, it is necessary to convert the’analytical blocked impedance matrix
matrik, or vice versa, as discussed in Annex A.

NOTE S5  Adapted from ISO 2041:2009, 1.52.

3.1.4

free impedance

VA

ratio|of the applied excitation complex force to the resulting complex velocity with all other connec

the s

NOT
shou

NOT
deter|
impe
requi

NOT

3.1.5

ystem free, i.e. having zero restraining forces

1 Historically, often no distinction has been made between blocked impedance and free imped

d, therefore, be exercised in.interpreting published data.

F 2 Free impedance’is the arithmetic reciprocal of a single element of the mobility matrix. While ¢
Mmined free impedances could be assembled into a matrix, this matrix would be quite different fron
jance matrix resulting from mathematical modelling of the structure and, therefore, would not cq
ements for using mechanical impedance in an overall theoretical analysis of the system.

F 3 Adapted from ISO 2041:2009, 1.51.

ion points of

hnce. Caution

xperimentally
h the blocked
nform to the

freqt

$

L]

span between the lowest frequency to the highest frequency at which mobility data are to be obtained in a
given test series
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Table 1 — Equivalent definitions to be used for various kinds of frequency-response functions related
to mechanical mobility

Motion expressed as

Motion expressed as

Motion expressed as

velocity acceleration displacement
Term Mobility? AcceleranceP Dynamic compliance®
Symbol Y =vilFj alF; Xl Fj
Unit m/(N-s) m/(N-s2) = kg1 m/N
Boundary conditions Fr=0k=j Fi=0;k=j Fi,=0;k=j
See Figure—t Figure2 Figure3
Comment Boundary conditions are easy to achieve experimentally.
Term Blocked impedance Blocked effective mass Dynamig stifffiess
Symbol Zij=Fylv, Fila; Filx;
Unit N-s/m N-s2/m = kg N/m
Boundary conditions vi=0;k=j ap=0;k#j x,=0;k#j

Comment Boundary conditions are very difficult or impossible to achieve experimentally (see also A.2).
Term Free impedance (freiﬁeef?g(\:/teivzams:ss) Free dynamic stiffnesp
Symbol Filvi=11Y; Fila; Filx;

Unit N-s/m N-s2/mi=kg N/m

Boundary conditions Fr=0;k#j EB(=0;k=j Fr=0;k=j

Comment

Boundary conditions are easy to achieve, but results shall be used with great cautiof

in-system modelling.

a

b

Mobility is|sometimes called mechanical admittance.

definition of acpustic inertance and also contrary to the implication carried by the word inertance.

(¢}

Dynamic ¢gompliance is also called receptance.

Accelerance is unfortunately sometimes called inertance: Inertance is not acceptable because it is in conflict with the comimon

© 1S0O 2011 — All rights reserved
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Figure 1 — Typical graph of plotted mobility test results
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Figure 2 — Accelerance graph corresponding to the mobility graph plotted in Figure 1
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Figure 3 — Dynamic compliance graph corresponding to the mobility graph plotted in Figure 1
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3.2 Symbols
Symbol Quantity Sl unit
a acceleration m/s?
alF; accelerance m/(N-s2)
U transducer output \
f frequency Hz
F force N
k stiffness N/m
m mass kg
S sensitivity V/(unit of input variable)
v velocity m/s
X displacement m
xl-/Fj dynamic compliance m/N
Y mobility m/(N-s)
Z free impedance N-s/m
blocked impedance N-s/m

4 Fundamentals and general relationships

Dynamic characteristics of structures can ‘bé determined as a function of frequency from mability
measurements or measurements of related - frequency-response functions like accelerance and dynamic
compliance [see Table 1). Accelerance-and dynamic compliance differ from mobility (see 3.1.2) only in that
the motion résponse is expressed in terms of acceleration or displacement, respectively, instead of in terms of
velocity. In @rder to simplify the various parts of this International Standard, mostly only the term mobiljity is
used. All tedt procedures and requirements specified in this International Standard are also applicable tp the
determination of accelerance and dynamic compliance.

Typical applications for miebility measurements are for:

a) predicting the dynamic response of structures to known or assumed input excitation;

b) determining the modal properties of a structure (natural frequencies, mode shapes and damping ratigs);

c) predicting the dynamic interaction of interconnected structures;
d) checking the validity and improving the accuracy of mathematical models and structures;

e) determining dynamic properties (i.e. the complex modulus of elasticity) of materials in pure or composite
forms.

For some applications, a complete description of the dynamic characteristics may be required using
measurements of translational forces and motions along three mutually perpendicular axes as well as
measurements of moments and rotational motions about these three axes. This set of measurements results
in a 6 x 6 mobility matrix for each location of interest. For N locations on a structure, the system thus has an
overall mobility matrix of size 6N x 6N.

8 © 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=a19a6d3f9efa2f84a759f691eec76a3f

ISO 7626-1:2011(E)

For most practical applications, it is not necessary to know the entire 6V x 6N matrix. Often, it is sufficient to
measure the driving-point mobility and a few transfer mobilities by exciting with a force at a single point in a
single direction and measuring the translational response motions at key points on the structure. In other
applications, only rotational mobilities may be of interest.

Since mechanical mobility is defined as the frequency-response function formed by the ratio of the phasor of
the translational or rotational response velocity to the phasor of the applied force or moment excitation, when
measuring with an accelerometer, conversion to velocity is required to obtain the mobility. Alternatively,
accelerance, the ratio of acceleration to force, may be used to characterize a structure. In other cases,
dynamic compliance, the ratio of displacement to force, may be used.

NOTE Historicatty, frequency-resporsefunctions of structurestrave oftemrbeemexpressed-imterms of the reciprocal
of ong of the above-named dynamic characteristics. The arithmetic reciprocal of mechanical mobility has oftgn been called
mecHhanical impedance. This is misleading because the arithmetic reciprocal of mobility does not, im~gengral, represent
any df the elements of the impedance matrix of a structure. This point is elaborated upon in Annex A.

Mobflity test data cannot be used directly as part of an impedance model of the structure. In ordgr to achieve
compatibility of the data and the model, the impedance matrix of the model shall be”converted to mobility or
vice persa (see A.3 for limitations).

Befofe carrying out mobility measurements, it is necessary to evaluate the’characteristics of the force and
motipn response transducers to be used in order to ensure that accurate-amplitude and phase infprmation can
be obtained over the entire frequency range of interest.

5 PBasic requirements for force and motion measurement transducers

5.1 | General

The pasic characteristics of all measurement transducers which are important in acquiring adequate mobility
datalare as follows.

a) [fransducers shall have sufficient sensitivity and low noise in order to obtain a signal-to-nois¢ ratio of the
measurement chain which is adequate to cover the dynamic range of the mobility of the strycture. Since
ightly damped structures require’ a larger dynamic range than structures with considerahjle damping,
ransducer noise is of particular'concern when testing lightly damped structures.

b) |f the frequency-response function of the measurement transducer is not compensated by syitable signal
brocessing, the natdral frequency of the transducer shall be far enough below or above the frequency
range of interest that'no unacceptable phase shift occurs.

¢) [ransducerssensitivity shall be stable with time and have negligible direct current drift.

d) [ransducers shall be insensitive to extraneous environmental effects, such as temperatufe, humidity,
magnetic fields, electrical fields, acoustical fields, strain and cross-axis inputs.

e) Transducer mass and Totationatinertia statt-be—smatt—so—asto—avoiddymamic toadingof the structure
under test, or at least small enough so that a correction can be made for the loading.

Low susceptibility of the measurement system to the effects of electrical ground loops and other extraneous
signals is also important.

5.2 Requirements for motion measurement transducers

5.21 Although motion measurement transducers require the characteristics outlined in 5.1, certain of these
characteristics are more important than others. Motion transducers used in mechanical mobility
measurements are most commonly accelerometers; however, displacement or velocity transducers are
sometimes used. The major characteristics to be considered in transducer selection are outlined in 5.2.2 to
5.2.5.

© 1SO 2011 — All rights reserved 9
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5.2.2 The motion transducer should be of low mass (or non-contacting) design so as to minimize structural
loading of the structure under test.

5.2.3 The attachment of the transducer to the structure under test should be stiff in the direction of the
primary measurement axis of the transducer (see 1SO 5348[2]).

5.2.4 The attachment should have a sufficiently small contact area to prevent stiffening or damping of the
structure by the transducer or its mounting fixture.

5.2.5 When applying impulse excitation, zero drift of piezoelectric accelerometers due to the pyro-electric
effect is likely to occur and this limits the accuracy of the measurement at low frequencies. Other types of

motion tran
can provide

5.3 Requ

5.3.1 Som

measureme;m

have to be

5.3.2 The
should be s
details).

5.3.3 The
involving thi
resonances
processing.

5.3.4 The
Transducers

5.4 Requ

541 Adsg
mobility mea
outlined in 5
borne in min

542 The

he solution to this problem.

rements for force measurement transducers

e of the characteristics outlined in 5.1 are more important than others in the selection of a
ade, the items outlined in 5.3.2 to 5.3.4 shall be considered as being of prime importance.
effective end mass (mass between the force-sensing element of the‘fransducer and the strug

mall enough to minimize extraneous inertial signals related ta’,such mass (see 8.4 for fu

stiffness of the force transducer and its components should be selected so that no resona
5 stiffness occur within the frequency range of interest. As a compromise, the effect of
on the signal from the force-sensing element should be compensated for by suitable §

static preload shall be adequate for the range. of excitation forces required by the test applica
with built-in preload are available to minimiize this problem.

jrements for impedance heads and attachments to the structure under test

vice which combines an accelerometer and a force transducer in one assembly for the purpo
surement is called impedance head. The design is a compromise based on the character
2 and 5.3. However, certain characteristics of prime importance, given in 5.4.2 to 5.4.5, shou
d.

total compliance.between the structure and the internal accelerometer should be small, bec]

a large compliance causes)errors in acceleration measurements.

NOTE T
head. The af

ne total compliance is the sum of the attachment compliance and the internal compliance of the imped

compliance ¢

achment compliance includes the localized die effect compliance of the structure under test. The
n bé measured as described in Annex C.

ters)

force

t transducer to be used for mechanical mobility measurements. Since compromises in design

ture)
rther

nces
such
ignal

tion.

se of
stics
d be

ause

ance
total

5.4.3 The €effective end mass (mass between the force-sensing element of the tfransducer and the structure)
should be small in relation to the free effective mass of the structure under test.

5.4.4 The moment of inertia of the impedance head, relative to an axis in the plane of attachment, should
be small enough to minimize structural loading due to rotational motion about that axis.

NOTE

given in ISO 7626-2.

5.4.5

transducer to the applied force.

10

Further guidelines for avoiding loading of the structure under test by the attachment of impedance heads are

In the design of an impedance head, care is required to avoid cross-sensitivity of the acceleration

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=a19a6d3f9efa2f84a759f691eec76a3f

ISO 7626-1:2011(E)

6 Calibration

6.1

General

Calibrations fall into three categories:

a) operational calibration of the combined measurement and analysis system;

b)

c)

basic transducer calibrations;

supplementary transducer calibrations.

6.2

Ope
beqi
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mea

Com|
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free

mea
diffic]

The
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is sh

NOT
trans
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6.3
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trang
trang

Tran
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Tran

Operational calibrations

ning and end of each measurement series (and at intermediate times, as required). Detaileg
covered in the relevant parts of this International Standard pertaining to the, various type
surements.

rations discussed in Clause 7. These system calibrations are achieyvéd by driving, in free sp3
mass while the acceleration and force channel gains are set at the values that are U
surements. The ratio output shall follow the appropriate mass(line on the resulting mobility

ulties are experienced in combined system calibrations, basie/calibrations should be carried g

accuracy of the frequency scale of the response graph-or other data output should always
g the operational calibration.

E 1 An example of the resulting mobility graph, showing the effect of the impedance head attachmer
wn in Annex C.

F2 It is usually unnecessary to perform~a phase shift calibration provided that the accelero
Hucers and amplifiers are selected to have nearly flat response throughout the frequency range use
urements, and the accelerometer is of-alow-damping design. However, it is good practice to display th

ben the force transducer and accelerometer outputs on a phase meter and record any deviations frg
e angle between the force transdu€er and accelerometer outputs while carrying out the operational calib

Basic and supplementary transducer calibrations
basic and supplementary calibrations (see Table 2) are intended for determining the suit
ducers are used,the procedures may have to be modified to determine the suitability of such

sducers.éxhibiting changes in basic or supplementary calibrations should not be used if the
ceptable; as indicated in the appropriate clauses in this part of ISO 7626.

sducers for use with specific amplifiers or signal conditioners should have the calibration perf

ational calibrations of the combined measurement and analysis system shall be-carried out at the

procedures
5 of mobility

bined system calibrations are easier to perform, more accurate and in wider use thgn the basic

ce, a known
sed in later
graph. If any
ut.

be checked

t compliance,

meters, force
d for mobility
b phase angle
m the proper
ration.

hbility of the

ducers for mobilitymeasurements. Piezoelectric transducers are very frequently used. If other types of

transducers.

changes are

brmed under

the

conditions oOf Intended use. FOr example, plezoelectric Torce Tlransducers, Impedance

heads and

accelerometers are intended for use with charge amplifiers or IEPE (integrated electronic piezoelectrics
means a built-in charge amplifier) transducers with amplifiers with constant-current line drive capability and
can be calibrated together or separately. The use of high-impedance amplifiers with piezoelectric sensors is
no longer recommended. All transducers should be calibrated with their intended signal conditioning device in
accordance with the manufacturer's specifications for electrical excitation, special terminating impedance, etc.

When calibrating accelerometers, force transducers and impedance heads, special care should be taken to
use mounting conditions similar to those specified by the manufacturer. Flatness of the mounting plate and
proper torquing of the attaching screws is important. A thin film of oil, grease or wax between the transducer
and the mounting surface may increase transducer coupling and rigidity for use at high frequencies. If special
fixtures are used, every effort should be made to carry out force transducer calibrations using a mechanical
arrangement closely resembling that to be used during the mobility measurement.
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Table 2 — Summary of transducer calibrations and tests

Accelerometer Force transducer
Calibration or test
Basic Supplementary Basic Supplementary
Sensitivity 7.2.1 — 7.2.2 —
Frequency response 7.3.1 — 7.3.2 —
Transverse sensitivity 7.4 — — —
Mass 7.5 — 7.5 —
Dimensions 76 — 76 —
Electrical imgedance 7.7 — 7.7 —
Polarity 7.8 — 7.8 -
Linearity — 8.2.2 — 8.2.3
Effective endlmass — — — 8.3
Transducer gompliance — — - 8.4
Threshold in feference to the bandwidth of the transducer — 8.5.2 — 8.5.2
Thermal sensitivity shift — 8.5.3 — 8.5.3
Transient temperature sensitivity — 8.54 — 8.54
Preload effedts — — — 8.5.5
Base strain sensitivity — 8.5.6 — —

7 Basic [piezoelectric transducer calibrations

7.1 General

All basic callbrations and tests listed in Table2 shall be carried out by the manufacturer on each transducer
and the resllts shall be recorded in the documentation supplied with the transducer. All basic calibrations
should be re¢peated periodically by the user or by a commercial calibration laboratory, if the user doeg not
have adequate calibration facilities.

The recommended time intervalfor-repeating basic calibrations and tests is 2 years. In addition, calibrations
such as sensitivity should be repeated more frequently, particularly if the transducer is subjected to conditions
which may change its sensitivity.

Specific tests can be performed to check transducer malfunctions before and during any test in the meantime
between the|calibrations, e.g. bias voltage for IEPE (built-in charge amplifier) transducers.

7.2 Sensitivity

7.21 Accelerometer sensitivity

Sensitivity of accelerometers and the accelerometer portion of impedance heads shall be determined by using
the comparison method in accordance with the relevant part of ISO 5347 or ISO 16063. Calibration shall be
carried out by mounting the accelerometer on a suitable vibration exciter equipped with a reference
accelerometer previously calibrated by or referenced to an absolute calibration. The calibration amplitude
should ge within the range encountered in actual mobility measurements, generally between 1 m/s2 and
100 m/s=.

The sensitivity calibration should be carried out at least at a single frequency, generally 80 Hz. A different

frequency may be used, if 80 Hz is outside the operating frequency range of the transducer or if another
frequency is more suitable for the particular transducer design or experimental application of the transducer.
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Frequency-response calibration is recommended to ensure the right properties of the device under test.

NOTE Certain failures in an accelerometer can be detected by frequency-response measurement, e.g. broken or lost
pre-tension of the piezoelectric element.

For accelerometers designed to be used with a charge amplifier, accelerometer sensitivity shall be expressed
in pC/(m/s2). For accelerometers designed to be used with a voltage amplifier and for accelerometers with a
built-in charge amplifier or impedance transformer, accelerometer sensitivity shall be expressed in V/(m/s2).

Since the output signal of the charge or voltage amplifier associated with the accelerometer is always a
voltage, the resultant acceleration channel sensitivity should always be expressed in V/(m/s2). In general, the

eration 8 Hivity—is ined—from—the—know of—the ate ittyities of the
accelerometer and the amplifier; in cases where precise mobility measurements are “reéquired, the
accelerometer and the amplifier to be used with the accelerometer should be calibrated togethgr in order to
obtain the acceleration channel sensitivity directly.

o

7.2.21 Force transducer sensitivity

Forcg transducers and the force section of impedance heads shall be calibrated using a mass-loading
techhique. Measurement technologies are described in the literature, e.g. intReference [17].

The Eensitivity calibration shall be carried out by mounting the force transducer on a suitable vibrfation exciter
using the rated preloading torque recommended by the manufacturer. The force transducer shall be vibrated
at a pontrolled acceleration amplitude in one axis only, ag, with obly*a reference accelerometer aftached to its
oppdgsite face. The force transducer amplifier voltage output,\t/;, and the applied acceleration,|ay, shall be
measured. A loading mass, m, shall then be attached to the’opposite face of the force transducer without
changing the amplifier gain settings. The voltage output, L) shall be measured with the vibration|exciter input
adjusted so that the applied acceleration, a, has exactly the same amplitude as before (i.e. (@ = ag). The
sensjtivity of the force channel, Sy, is then given by Eguation (1):

Um_UO
(m+mq+mo+mg)a—(mq+my fimg)ag

Sp = (1)

where
m  is the loading mass;

mq  is the mass of thel(reference accelerometer;
m, is the effective_mass of the bolt;

my is the effective end mass of the force transducer.

squdred As (my + mgy + ms) ag = (mq + my + m3) a, because ay = a, Equation (1) becomes

All t%ve masses are expressed in kilograms and the acceleration shall be expressed in metres| per second

(2)

CAUTION — For force transducers which have not been pre-assembled, extreme care should be taken
to ensure that the mounted preload does not change from application to application, since sensitivity
and calibration depend on transducer preload.

NOTE Using Equations (1) and (2) in a complex form also permits the phase response of the force transducer to deviate.
Equation (2) gives the sensitivity of the force channel (i.e. the transducer and amplifier combination) in volts

per newton. The sensitivity of the force transducer alone can be deduced from Equation (2) and the sensitivity
of the amplifier used.
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For force transducers designed to be used with a charge amplifier, force transducer sensitivity shall be
expressed in pC/N. For force transducers designed to be used with a voltage amplifier, force transducer
sensitivity shall be expressed in V/N.

In cases where precise mobility measurements are required, the force transducer and the amplifier to be used
with the force transducer should be calibrated together in order to obtain the total force channel sensitivity
directly.

The method described is adequate only at frequencies below approximately one-fifth of the resonance
frequency due to the effective mass of the system and the stiffness, %, of the force transducer. This resonance

frequency of

the mass-loaded transducer, f, , can be estimated by means of Equation (3):

m’

7.2.3

The sensitiv
and the forc

of an impedance head usually consists of driving two or three differently sized free'masses. This ensureg

the impedan|

7.3 Freqy

7.3.1 Acceglerometer frequency response

The frequen
relevant par
exceeding 1
acceleromet
measure the

Harmonic e
shall be eno
free from lod
limited numb

When a con
acceleration

Impgdance head sensitivity

k
m+m1+m2+m3

C

J

ty of an impedance head can be obtained from the individual calibrations of the acceleror]
b transducer performed using the methods given in 7.2.1 and 7.2.2, reSpgectively. Field calibr

ce head can measure known mobilities over a wide range.

ency response

of ISO 5347 or ISO 16063 at an acceleration.amplitude chosen to provide a signal-to-noise
D (i.e. >20dB) and over the frequency. range corresponding to the range of use of
br. Harmonic or wide-band excitation, applied with a suitable vibration exciter, may be usé
frequency responses. Wide-band excitation may be random or transient.

citation may be applied at discrete frequencies or by a continuous sweep. In the first case,
Ligh discrete frequencies, for.instance 10 frequencies per decade, to ensure that the transdug
al or internal resonances within the frequency range of interest. If the calibration is carried ou
er of discrete frequencies, addition of a frequency sweep is useful to ensure the same object

inuous sweep is used, the frequency should be swept slowly, while the amplitude of the excif]
is maintained constant over the full frequency range by means of a feedback control sy

using a refe

The frequenky respanse shall be flat within £5 % in the frequency range of interest. Care shall be taks
that transvelse metion of the vibration exciter, combined with the cross-axis sensitivity of the transducer,
not cause meastrement errors of the order of the specified +5 %.

ence accelerometer.

)

heter
ation
that

cy response calibration shall be performed by _the comparison method in accordance with the

ratio
the
ed to

here
er is
ata

ve.

ation

stem

n so
does

7.3.2 Forc

e transducer frequency response

Frequency response calibration shall be performed under the same conditions described for the
accelerometer frequency response. However, the force transducer shall be mass loaded and vibrated at a
constant amplitude of acceleration at each specified frequency. The voltage output of the force transducer
amplifier, U, shall be measured at each of the frequencies, f. The frequency response deviations, expressed
as a percentage, shall be determined from Formula (4):

Uy
(U (4)

ref

—’IJMOO %
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where the reference voltage, U, is the output of the transducer amplifier obtained at the reference frequency,
generally 80 Hz.

It is important that the mass load on the force transducer does not cause a resonance involving the loading
mass and the transducer compliance. This can be checked using Equation (3). The frequency response
deviation shall be less than 5 % of the response at the reference frequency over the frequency range of
interest.

NOTE As in the sensitivity calibration of the force transducer, better accuracy is obtained by not adjusting the torque
of the force transducer mounting bolt at any time during the frequency response calibration, if force transducers without
built-in preload are used.

7.4 | Accelerometer transverse sensitivity

Tran
the

perp
know
moti
1 %,
such

The

sverse-sensitivity calibrations shall be performed at a single frequency below 500 Hz.in acc

endicular to the transducer sensing axis. Harmonic excitation shall be applied‘at-a frequeng
n that the vibration exciter motion in a plane perpendicular to the sensing/axis is at least 1
bn in the direction of the sensing axis. For measurement of transverse-sensitivity ratios of mu
the excitation requirements are more strict. Extreme care and skill are_required to obtain va
transverse sensitivities.

ransducer shall be mounted and rotated about its sensing axisthrough 360°, in increments o

to dgtermine the maximum transverse response. If the transverse*Sensitivity ratio exceeds 5 %

sens
perfd

7.5

The
form

7.6

Perti
shall

rming supplementary calibrations or it should be repaired;‘as required.

Mass

mass specified is the total mass of the transducer, excluding mounting studs and cables
an integral part of the transducer.

Dimensions

hent dimensions, including height, width, length, diameter and dimensions of any mounting h
be given. The dimensions.shall be provided in the form of an outline drawing. Descriptions of

cabl¢ sizes and cable types shall also be provided.

brdance with

relevant part of ISO 5347 or I1SO 16063. The transducer shall be mounted.oen a vibration exciter

y where it is
DO times the
ch less than
id values for

f 45° or less,
of the axial

tivity or changes significantly from an earlier calibration, the transducer should be further ¢valuated by

vhich do not

bles or studs,
connectors,

7.7 | Electrical impedance
7.7.1 Transducer resistance and capacitance
The firect_current resistance between the terminals of the transducer shall be measured by the manufacturer

with

B mégohmmeter, using an applied voltage not exceeding 50 V.

The

Capacitance shall be measured with an Impedance bridge, using an excitation voltage within 1

e operating

frequency range of the transducer. If the capacitance changes with frequency, the measurement shall be
carried out at a minimum of two frequencies, including the frequency at which the reference sensitivity has
been determined. For transducers, the capacitance of which does not change significantly with frequency, the
measurement shall usually be carried out at 1 000 Hz.

Since the capacitance of some piezoelectric materials changes with temperature and voltage, the capacitance
measurement shall be performed at a room temperature of (23+3)°C and at an excitation voltage
recommended by the transducer manufacturer. Variations due to temperature can be minimized by avoiding
handling immediately before or during the capacitance measurements.
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For some transducers containing internal electronic components, the above impedance measurement
operation may produce inaccurate results or possibly cause damage. In these cases, insertion methods
should be used.

Resistance and capacitance measurements should be repeated at suitable time intervals (see 7.1). Since
these measurements are generally not very accurate, only significant variations, compared to previous
calibrations, shall be taken into account. For instance, if resistance and/or capacitance has changed by more
than 5 %, the transducer should be further evaluated by performing all basic and supplementary calibrations
or it should be repaired, as required.

7.7.2 Insulation resistance

The direct clrrent resistances between all the terminals of the transducer and its mounting surface*shall be
measured and supplied as data by the manufacturer.

If the transducer is not of an isolated type, the manufacturer shall indicate the type of mounting needéd to
achieve isolation when using the transducer.

7.8 Polarjty

Polarity of the transducer, usually laid down by the manufacturer, shall be determined by a comparison
method whether a positive or negative output voltage change is produced when the mechanical ingut is
applied in a firection from the mounting surface towards the opposite end-of the transducer and along thg axis
of maximun sensitivity of the transducer. This definition of polarity is.applicable to most transducers which
have the sensitivity axis perpendicular to the mounting surface.

8 Supplementary calibrations

8.1 General

The supplementary calibrations and tests listed\in Table 2 shall be carried out by the manufacturgr on
samples of the transducers for each type manufactured. Furthermore, some of the supplementary calibrations
and tests shpuld be carried out by the usentordetermine the condition of a transducer which exhibits peguliar
operating characteristics or changes in performance.

8.2 Linearity

8.2.1 General

Linearity cglibrations,~shall be carried out by harmonic excitation using the comparison method| (for
accelerometgrs, seg'the relevant part of ISO 5347 or ISO 16063).

8.2.2 Accélerometer linearity

The amplitude linearity deviations shall be determined by measuring the ratio of the reference and test
accelerometer outputs. This ratio shall be measured by the manufacturer at a minimum of three acceleration
magnitudes in the upper decade of the design range of the accelerometer. It may be useful for users to check
the linearity in their own range of use. The deviations at each acceleration shall be determined by computing
the difference from the average ratio at all accelerations. This difference shall be expressed as a percentage
of the average ratio. If the deviations at all accelerations are within £2 %, the accelerometer is suitable for
mobility measurements.
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8.2.3 Force transducer linearity

The linearity calibration shall be carried out by vibrating the mass-loaded force transducer, generally at 80 Hz,
at various acceleration magnitudes and measuring the voltage output of the force transducer amplifier, U,, at
each of the applied acceleration amplitudes, a,, as determined by a standard accelerometer. The linearity
deviations, expressed as a percentage, shall be determined from Formula (5):

U,la,

—X X _1{x100 %
(Ux/ax)avg

whelle

A different frequency may be used if 80 Hz is outside the operating frequency range of the tra

anot

The
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forcs
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A forice transducer, or the force transducer in an impedance head, is not suitable for mobility meg
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8.3
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attag
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UX

ax

is the average of the ratio of force transducer amplifieroutput a
to the acceleration amplitude for all acceleration magnitudes.

1 n
(Ux/aX)an:;Z( ]
i=1 i
ner frequency is more suitable for the particular transducer design or application.
hpplied force shall be computed as follows. At one of the applied accelerations, the applied f
puted by dividing the amplifier output, U,, by the force transducer channel sensitivity

mined in 7.2.2. The force applied at every other calibration point shall be determined by m

e.

nearity deviations exceed 2 %, within the rated range of operating forces.

Effective end mass of force transducers and impedance heads

effective end mass of force transducérs and impedance heads is the mass between the f
ents and the specimen end of the' transducer. This effective end mass should be inc
ifacturer's specifications. However, the user should be aware that the effective end mass is
ddition of the hardware used-to0 attach the transducer to the structure under test and/or to
ducer. Thus, the total effective end mass is the sum of the manufacturer's effective end nf
5 of the attaching hardware:-

Compliance of.impedance heads

compliance of an impedance head is the compliance of that part of the assembly between
hment tohe structure and the internal accelerometer (see Reference [13]).

ditiento the compliance of the impedance head as provided by the manufacturer, the comp

mplitude

nsducer or if

brce shall be
, previously
Lltiplying the

just computed by the ratio of new applied acceleration to'the acceleration used to compyte the force

surements if

brce-sensing
uded in the
ncreased by
preload the
ass and the

the point of

liance of the

hment hardware shall also be considered when carrying out mobility measurements.

A procedure for experimentally determining the total compliance is given in Annex C.

8.5 Supplementary calibrations necessitated by environmental and secondary effects

8.5.1

General

Certain calibrations are necessitated by the fact that secondary and/or environmental conditions can cause
transducer outputs which are not direct analogues of the transduced quantities. The supplementary

calib

rations described in 8.5.2 to 8.5.6 reflect the need to quantify such effects.
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8.5.2 Threshold in reference to the bandwidth of the transducer

The threshold of a transducer may influence the accuracy of data especially in the lowest end of the
measurement range. For a better comparison of data the threshold of transducers should be specified in a
uniform way. The threshold in electrical output Uy, units of the transducer should be characterized by the
measured spectral noise density u(f) integrated over the frequency range between the lower (f) and the

upper end (f;) of the transducer, where the change of sensitivity is within £5 % of the reference sensitivity:

(6)

Usually, the [threshold is expressed in mechanical units of the transducer (for an accelerometer a{)\by lising
the transduder sensitivity S as a scaling factor.
U

aTh =_,L (7)
Ground loogs between several different transducers and the test structure may influence the threshold| of a
measurement chain, consisting of a transducer and an appropriate amplifier, negatively and shoulfl be
prevented by case or ground isolated transducer design.
8.5.3 Change in transducer sensitivity with temperature
It is usually desirable to select transducers which have temperature sensitivity deviations not exceeding 11 %
throughout the temperature range of intended use.
8.5.4 Noisp induced in transducer signals by temperature variations (transient temperature sensitiyity)

Variation in
transducers
piezoelectrig
interfere so
frequency p
liquid with a

Also, during
saturate the

8.5.5 Forc

The effect @
assembled 1
using differe

temperature generates transient temperature sensitivity as low-frequency noise in piezoelgctric

and in any built-in transducer amplifiers that may be used. As the frequency range of u
transducers is generally much higher, it can happen that the noise and the measured s
that there are consequences on the results of the mobility measurements in the very
art. 1SO 5347-18[1] describes.a~method to get characteristic transducer data by immersion
sudden temperature jump.

low-frequency measurement, rapid variations in temperature can cause sufficient nois
transducer electronics) thus inducing wrong measurements.

e transducer preload effects on sensitivity

f differentvmounting torques on the sensitivity of force transducers which have not been
hay be-determined by repeating the sensitivity calibration when the force transducer is remod
ht-torques.

te of
ignal
low
in a

e to

pre-
nted

8.5.6 Base strain effects

The effect of base strain on the sensitivity of a transducer can be measured by use of a simple cantilever
beam, clamped to a rigid support. A suitable beam design would have a first natural frequency of
approximately 5 Hz. The transducer shall be mounted on the cantilever beam at a suitable location. The strain
shall be measured by strain gauges bonded to the beam near the transducer mounting. For testing of base
strain sensitivity, see the relevant part of ISO 5347 or ISO 16063.

Details of the procedure for determining the effect of base strain on the sensitivity of force transducers and
impedance heads can be found in Reference [15].
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9 Presentation of data

9.1 General

The interpretation of mobility test data can be greatly enhanced by the use of a suitable graph
variety of display formats is available to suit various applications.

9.2 Logarithmic plotting

ic display. A

At frequencies well below the lowest resonance or anti-resonance frequency of a structure, the magnitude of

any
of logarithmic magnitude versus logarithmic frequency. At frequencies well below the lowest, req
curve tends to be asymptotic to lines of constant compliance. Well below the lowest anti-resonan
tend$ to be asymptotic to lines of constant mass. For mobility plots, compliance lines slope upy
maghnitude decade per frequency decade and mass lines slope downwards at one. magnitude
freqyency decade, as shown in Figure 1.

If acgelerance or dynamic compliance data are plotted, the slopes of the mass and compliance
accordingly, as shown in Figures 2 and 3.

Whep plotting the results of mobility measurements with a logarithmic_frequency scale, the ma
freqyency scales shall conform to IEC 60263. A recommended format for plotting mobility data, in
for mass and dynamic compliance, is shown in Figure 4. All exponents for mobility, mass and
shalllbe specified by the user in this graph.

NOTE 1 In the system of Sl units, lines for constant dynamic compliance, lines for constant mobility and ling
massg, in increments of one decade of magnitude, alwaysxinfersect at frequencies of 1/2x, 10/2n, 100
frequency of 159 Hz, equivalent to 1 000/2x, is a convenient one for reference purposes since then mass
mobility and compliance show the following multiples amang each other:

Mass
Accelerance
Mobility
Compliance

0,1 kg

10 m/(N-s2)
102 m/(N-s)
10" m/N

1kg
1,m/(N-s2)
1073 m/(N-s)
108 m/N

10 kg

10~" m/(N-s2)
104 m/(N-s)
10" m/N

NOT
the s

F 2 In accordance with IEC)60263, the ratio of the length of the scale for a decade of magnitude td
cale for a decade of frequengy is expected to be 2/5. The format in Figure 4 follows this rule.

NOT
deter

F 3 Appropriate (éxponents to use as the power of 10 for mobility, mass and dynamic compl
Mmined from the testyresults to suit the data to be plotted and then noted on the plot.

9.3 | Alternative plotting methods

Instgad.6f plotting the magnitude and phase of the mobility test results, it is sometimes advantag

the nealsand imaginary parts as functions of frequency, as illustrated in Figure 5. It may also be

ine on a plot
onance, the
te, the curve
vards at one
decade per

ines change

gnitude and
cluding lines
compliance

s for constant
/27, etc. The
accelerance,

the length of

ance can be

eous to plot
desirable to

plot the Test results in polar coordinates, as mustrated in Figure 6 (Nyquist plot). The polar diag

ram has the

advantage that the data may be enhanced by circle-fitting procedures. This can be important for extracting
modal damping coefficients from the test data.

NOTE 1 In Figure 6, the actual measured data points are connected by straight lines. These lines are not part of the
measured data. They are shown as an aid to distinguish between data points belonging to one mode of the structure and
those belonging to a second mode.

NOTE 2  The fact that the straight lines connecting the measured data points in Figure 6 do not approach a circle
through the data points shows that not enough data points were measured near the resonance frequency to directly
determine the true resonance frequency, peak response and damping of the modes. In order to identify these parameters
properly, either more data points should be measured or a suitable circle-fitting procedure needs to be applied to the
measured data points.
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NOTE1 At 159 Hz, the following sets of values apply:

Mobility Compliance Mass
1073 m/(N-s) 10 m/N 1,0 kg
104 m/(N-s) 107" m/N 10,0 kg

NOTE 2  Exponent ranges are user defined.

Figure 4 — Diagram for plotting mobility graph

20 ©1S0 2011 — All rights reserved


https://standardsiso.com/api/?name=a19a6d3f9efa2f84a759f691eec76a3f

ISO 7626-1:2011(E)

1'0 LE 13 1 ] l L | 1 | L 1
0,8 — =
0,6 — =
@ 0,4 - -
E 02— I —
Z O J'\.L T T v
g "0,2 - —
...0'[' — —
-0,6 — =
_0'8 — -
—1'0 T T T 1 T T
200 2000
1,0 T T T | T T T 1
0,8 — —
0,6 — —
s 0k — —~
£
e | S NP
£ 0 ' e ;
3 r
2,0,2 — [ . ( —
E
-0,4 — —
_0'6 a— —
-0,8 — —
- 1,0 T T T T T
200 Frequency, Hz ! 2 000

Figure 5 — Graph of the real and imaginary parts of mobility corresponding to Figure 1
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Figure 6
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Annex A
(informative)

Relationship between mechanical impedance, mobility an
modal analysis

d

General

Hynamic response of a mechanical system basically depends on two parameters: the-excitin
ynamic characteristics of the system. If the magnitude of the exciting forces is within.the ra
ystem behaves essentially linearly, the system characteristics can be described(in’the frequ
r by a mobility matrix [Y] or by an impedance matrix [Z], resulting in two equivalent relati
fjng forces and response velocities:

(¢

Q
3

W)} = [YI{F(w)}
F(o)} = [Z]{v(@)}

F(w)} is the column vector of the external dynamic forces expressed as functions of freque
on the system at various points;

()}

is the column vector of the corresponding‘response velocities at all points of interest.

The term point designates a location and’the associated direction. The term coordinate is often
g meaning as point.
matrix notation of Equations (A.1)\and (A.2) is convenient because, in general, more than g

dered, plus any additional points at which external forces act (either exciting forces or reaq

2=

buld be noted that the matrix inversion, expressed by Equation (A.3), means that the eleme
dance matrix are not arithmetic reciprocals of the elements Y; of the mobility matrix, and vice

olumn vectors in Equations(A.1) and (A.2) are of order N and the matrices are of order N x M.

g forces and
nge in which
ency domain
ns between

(A1)

(A.2)

hcy o, acting

used with the

single point

e structure has to be considered. If N is the number of points at which motion response is to be

tion forces),

(A.3)

hts Zl.j of the
versa.

Boundary conditions

In mobility testing, a dynamic exciting force is supplied to the structure at one point at a time. Thus,

whe

F,=0  fork=j (A.4)
re
j is the point of excitation;
k  denotes all other points of interest.
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Equation (A.4) defines the boundary conditions for experimental determinations of mechanical mobility which
easily can be achieved in experimental procedures (see Table 1). Given these boundary conditions,
measurement of the velocity response at point i and of the force at point j yields the ijth element of the

mobility matrix:

Y, =—+ (A.5)
JF=0k=
This is the mathematical expression of the definition of mobility given in 3.1.2.
In contrast, the elements of the impedance matrix Z, as given in Equation (A.3), are
Z;=Fily, A.6)
with the boupdary conditions
v, =0 fork=j A.7)

Equations (A
3.1.3. The

experimenta
impedance 1

The differen
mobility and
special casq
interest.

This special
being the ra
in this spec
impedance
impedance
structure.

A.3 Comparing impedance-and mobility data

Experimenta
mathematica
domain, thes

.6) and (A.7) are the mathematical expressions of the definition of.blocked impedance giv
poundary conditions of Equation (A.7) are very difficult or impossible to achieve in pra
procedures (see Table 1). Thus, it is generally not possible-ta determine the elements o
natrix Z by experimental means.

Ce in the boundary conditions of Equations (A.4) and (A7) is very important for the proper u

in which a single point (and direction) on the structure (the driving point) is the only po

case is not uncommon in practice. This accounts for the often-used definition of impedang
io of the exciting force to the velocity response, without specifying the boundary conditions.
al case, the impedance matrix and ¢he mobility matrix have one single term, and, therg
s the arithmetic reciprocal of mobility. It should be noted that this special impedance is 3
bs defined in 3.1.4. Thus, it is ‘not an element of the general N x N impedance matrix o

| investigations_of the dynamic characteristics of structures result in mobility type dat
I modelling, however, it is generally easier to use mass and stiffness matrices. In the frequ

necessary tq
blocked meq
number of d

therefore, be—¢

se result innblocked impedance data. When comparing mobility and blocked impedance data|
p convertione into the form of the other. In doing this, special care shall be exercised bec]
hanical-impedance is not an invariant characteristic of a structure, but it is dependent upo
egrees of freedom conS|dered (see Reference [4]) The elements of an impedance matrix

BN in
ctical
f the

5e of

impedance data. It should be noted that this diffeence becomes irrelevant, however, i the

nt of

e as
Only
fore,

free
f the

A, In
ency
it is
ause
n the
can,

both

matrices (points and dlrectlons) are |dent|cal If the mathematlcal model (and |ts |mpedance matrix) has more
degrees of freedom than the experimental mobility matrix, as is often the case in practice, it is necessary to
convert impedance to mobility to allow comparison with the corresponding elements of an experimentally
determined mobility matrix, rather than vice versa. This is so because mobility is free of artificial constraints,
but impedance is not.
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