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Foreword

ISO 7626-5:1994(E)

LI -4

ISO (the International Organization for Standardization)yis

federation of national standards bodies (ISO member bodie
of preparing International Standards is normally carried out
technical committees. Each member body interested in a3
which a technical committee has been established has the
represented on that committee. International‘organizations, g

a worldwide
5). The work
through SO
subject for
right to be
overnmental

and non-governmental, in liaison with 1SO;-also take part in the work. ISO

collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical con
circulated to the member bodies for voting. Publication as an
Standard requires approvalby at least 75 % of the member b
a vote.

International Standard. ISO 7626-5 was prepared by Technica
ISO/TC 108, Mechanical vibration and shock.

Commission

mittees are
International
pdies casting

| Committee

ISO 7626 consists of the following parts, under the general fitle Vibration

and shock«= Experimental determination of mechanical mof
—Part 1: Basic definitions and transducers

— Part 2: Measurements using single-point translation ex
an attached vibration exciter

— Part 3: Mobility measurements using rotational excitatig
point

— Part 4: Measurements of the entire mobility matrix ug
exciters

ility:

citation with

DN at a single

ing attached

— Part 5: Measurements using impact excitation with an éxciter which

is not attached to the structure

Annexes A and B of this part of ISO 7626 are for information

only.
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General intr

Dynamic cha
frequency frg
frequency-reg
pliance. Each
motion respg
excitation. Th
dependent.

Accelerance
motion respd
respectively,
parts of ISO
that all test p

pduction to ISO 7626 on mobility measurement

[acteristics of structures can be determined as a function of
m mobility measurements or measurements of the related
ponse functions, known as accelerance and dynamic com-
of these frequency-response functions is the phasor of the
nse at a point on a structure due to a unit force (or moment)
e magnitude and the phase of these functions are frequency

hind dynamic compliance differ from mobility only in that-the
nse is expressed in terms of acceleration or displacement,
nstead of in terms of velocity. In order to simplify thearious
626, only the term “mobility” will be used. It is.understood
rocedures and requirements described are alsg-applicable to

the determingtion of accelerance and dynamic compliance,

Typical applidations for mobility measurements are for:

a) predicting the dynamic response of structdres to known or assumed
input excjtation;

b) determin|ng the modal properties of a structure (natural frequencies,
mode shapes and damping ratios);

c) predicting the dynamic interaction of interconnected structures;

d) checking|the validity .and’ improving the accuracy of mathematical
models of structures;

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

For some ap ; =

istics 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 in-
terest. For N locations on a structure, the system thus has an overall mo-
bility matrix of size 6N x 6N.

For most practical applications, it is not necessary to know the entire
BN x BN 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.
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In order to simplify the use of the various parts of ISO 7626 in the various
mobility measurement tasks encountered in practice, ISO 7626 will be
published as a set of five separate parts:

ISO 7626-1 covers basic definitions and transducers. The information in
ISO 7626-1 is common to most mobility measurement tasks.

ISO 7626-2 covers mobility measurements using single-point translational
excitation with an attached exciter.

ISO 7626-3 covers mobility measurements using single-point rotational
excitation with an attached exciter. This information is primarily intended

for rotor system rotational resonance predictions.

ISO 7626-4 covers measurements of the entire mobility’ maftrix using at-

tached exciters. This includes the translational, rotatignal and
terms required for the 6 x 6 matrix for each locatien on the 3

ISO 7626-5 (this part of ISO 7626) covers mobility measurg
impact excitation with an exciter which is not attached to thg

Mechanical mobility is defined as the«frequency-response fun
by the ratio of the phasor of the translational or rotational resp
to the phasor of the applied foreé or moment excitation. If {
is measured with an accelerometer, conversion to velocity i
obtain the mobility. Alternatively, the ratio of acceleration to
as accelerance, may be‘used to characterize a structure. In
dynamic compliance, the ratio of displacement to force, may

NOTE 1 Historically, frequency-response functions of structure

combination
tructure.

ments using
structure.

ction formed
bnse velocity
he response
5 required to
orce, known
other cases,
be used.

s have often

been expressed.in’terms of the reciprocal of one of the above-ngmed dynamic

characteristics.“The arithmetic reciprocal of mechanical mobility h
called mechapical impedance. It should be noted, however, that thi
because-the arithmetic reciprocal of mobility does not, in general,
of the elements of the impedance matrix of the structure. Mobility tg
be used directly as part of an analytic impedance model of the
achieve compatibility of the data and the model, the impedance
model must be inverted to a mobility matrix, or vice versa. This poin
upon in annex A of ISO 7626-1:1986.

Introduction to this part of ISO 7626

Impact excitation has become a popular method for measy
quency response of structures because of its inherent speed
low cost to implement. However, the accuracy of mobility m
made by using impact excitation is highly dependent upon b
acteristics of the test structure and on the experimental teq
ployed. With impact excitation, it may be difficult or impossi

as often been
5 is misleading
represent any
st data cannot
structure. To
matrix of the
t is elaborated

ring the fre-
and relatively
easurements
oth the char-
hniques em-
ble in certain

Fal

g continuous

excitation with an attached exciter, and the impact method carries an in-
creased danger of gross measurement errors. (See ref. [7]). In spite of
these limitations, impact testing can be an extremely useful excitation
technique when applied properly.

This part of ISO 7626 provides a guide to the use of impact excitation for
mobility measurements. Accurate mobility measurements always require
careful attention to equipment selection and to the measurement tech-
niques employed; these factors are especially important when using im-
pact excitation. Furthermore, the characteristics of the test structure,
especially its degree of nonlinearity, will limit the accuracy which can be
achieved. Subclause 4.2 describes these limitations on the use of impact
excitation.
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Because the exciter is not attached to the structure, this method makes
it practical to measure a series of transfer mobilities of a structure by
moving the excitation successively to each desired point on the structure
while the response motion transducer remains at a single fixed location
and direction. Due to the principle of dynamic reciprocity, such measure-
ments should be equal, assuming linearity, to the results obtained using
an attached exciter at the same fixed location and direction with the re-
sponse transducer relocated to each desired point on the structure. How-
ever, it may be difficult to impact the structure in all desired directions at
certain locations, and in such cases it may be more practical to use impact
excitation at the fixed location and direction and relocate a multi-axis re-

sponse transducer to the desired response locations.

NOTE 2  Thequse of a multi-axis response transducer at a fixed location does not
provide information about the multi-axis response at other locations. For example,
if a fixed resppnse transducer is used in performing measurements for a modal
test, and if the|impact is applied in only a single direction at each point, then only
the mode shape components in that direction are obtained.

Vi
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Vibration and shock — Experimental determination of

mechanical mobility —

Part b:

Meagurements using impact excitation with an exciter
which is not attached to the structure

1 Scope

This part |of ISO 7626 specifies procedures for meas-
uring mechanical mobility and other frequency-
response|functions of structures excited by means of
a translatlonal impulsive force generated by an exciter
which is pot attached to the structure under test.

it is applicable to the measurement of mobility,
accelerance or dynamic compliance, either as a driving
point mepsurement or as a transfer measurement,
using impact excitation. Other excitation methods,
such as dtep relaxation and transient-random, lead to
signal-prgcessing requirements~similar to those of
impact dqta. However, such methods are outside the
scope of [this part of ISO 7626 because they involve
the use ¢f an exciter which is attached to the struc-
ture.

The signgl analysis-methods covered are all based on
the disclete< Fourier transform. This restriction in
scope is| based solely on the wide availability of

This part\of I1SO 7626 is limited to the u
excitation techniques for making accu
measurements.

2 Normative references

The following standards contain provig
through reference in this text, constitut
of this part of ISO 7626. At the time of pu
editions indicated were valid. All standard
to revision, and parties to agreements b
part of ISO 7626 are encouraged to in
possibility of applying the most recent e
standards indicated below. Members of
maintain registers of currently valid
Standards.

ISO 2041:1990, Vibration and shock — W

ISO 7626-1:1986, Vibration and shock
imental determination of mechanical
Part 1: Basic definitions and transducers

se of impact
ate mobility

ions which,
e provisions
blication, the
s are subject
ased on this
estigate the
litions of the
IEC and ISO
International

ocabulary.

—  Exper-
mobility —

equipment which implements these methods and on
the large base of experience in using these methods.
It is not intended to exclude the use of other methods
currently under development.

Impact excitation is also widely used to obtain uncali-
brated frequency-response information. For example,
a quick impact test which obtains approximate natural
frequencies and mode shapes can be quite helpful in
planning a random or sinusoidal test for accurate mo-
bility measurements. However, these uses of impact
excitation to obtain qualitative results should not be
confused with its use for mobility measurements.

ISO 7626-2:1990, Vibration and shock — Exper-
imental determination of mechanical mobility —
Part 2: Measurements using single-point translation
excitation with an attached vibration exciter.

3 Definitions

For the purposes of this part of ISO 7626, the defi-
nitions given in ISO 2041 apply. For convenience, the
most important definitions used in this part of
ISO 7626 are given below.
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3.1 frequency-response function: The frequency-
dependent ratio of the motion-response phasor to the
phasor of the excitation force.

NOTES

3 Frequency-response functions are properties of linear
dynamic systems which do not depend on the type of
excitation function. Excitation can be harmonic, random or
transient functions of time. The test results obtained with
one type of excitation can thus be used for predicting the

response of the system to any other type of excitation.

© |SO

8 The term “point” designates a location and a direction.
The term “coordinate” has also been used with the same
meaning as “point”.

[1SO 2041, 1.51]

3.4 frequency-averaged mobility magnitude: The
r.m.s. value of the ratio, in metres per newton sec-
ond, of the magnitude of the velocity response at
point i to the magnitude of the exciting force at the
same point, averaged over specified frequency bands.

4 Linearity of
will be met on
system and on
taken to avoid
impulse excitat
linear (for exam|
tested with im
when using ran

5 Motion ma
acceleration or
response funct
and dynamic cd
dynamic stiffne|

[I1SO 2041, 1.44

6 Assuming
may be defined
complex ratio
sponse to the
actual practice,
as an approxin
The errors of t
below those of
of the DFT dog
measurement.

3.2 frequen
from the low
at which moh
test series.

[ISO 2041, 1.

the system is a condition which, in practice,
y approximately, depending on the type of
the magnitude of the input. Care has to be
honlinear effects, particularly when applying
on. Structures which are known to be non-
ble, certain riveted structures) should not be
pulse excitation and great care is required
dom excitation for testing such structures.

be expressed in terms of either velocity,
displacement; the corresponding frequency-
ion designations are mobility, accelerance
mpliance or impedance, effective mass and
5S, respectively.

]

inearity, the frequency-response function
equivalently for transient excitation as the
pf the Fourier transform of the motion re-
Fourier transform of the excitation force. In
the discrete Fourier transform (DFT) is used
ation of the continuous Fourier transform.
his approximation can be reduced to“levels
other measurement errors. Hende, the use
s not necessarily limit the agcuracy of the

by range of interest:“Span, in hertz,
bst frequency to @he highest frequency
ility data are to be obtained in a given

19]

3.3 direct
(mechanical)

mechanical) mobility; driving-point

[ISO 2041, 1.52]

3.5 transfer (mechanical) mobility:. The fomplex
ratio of the velocity, taken at one point in a mgchanical
system, to the force, taken at~another point in the
same system, during simple Hanmonic motion.

NOTE 9 Transfer mobilityis the frequencyfesponse
function formed by the ratio7 in metres per newton second,
of the velocity-response ‘phasor at points i to the Lxcitation
force phasor applied at point j with all points otHer than j
allowed to respondfreely without any constraints gther than
those constraints which represent the normal suppprt of the
structure jn-ts*intended application.

[1ISO.2041, 1.53]

3.6 energy spectral density: The power |spectral
density multiplied by the length, in secondsg, of the
record which is used in the spectrum calculafion of a
transient signal.

NOTE 10  This definition assumes that the trankient sig-
nal is entirely contained within the record. This norralization
is needed in order to obtain a spectral magnitude|which is
independent of the record length used in the finite Fourier
transform.

~

4 General characteristics of impac|
measurements

4.1 General description

itity, ¥ The comptex Tatioof vel-

ocity and force taken at the same point in a mechan-
ical system during simple harmonic motion.

NOTES

7 Driving-point mobility is the frequency-response function
formed by the ratio, in metres per newton second, of the
velocity-response phasor at point j to the excitation force
phasor applied at the same point with all other measure-
ment 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.

The instrumentation required for mobility measure-
ments using impact excitation consists of an impactor
with built-in force transducer, one or more motion-
response transducers with their associated signal
conditioners, and a digital Fourier transform analysis
system or analyser having at least two simultaneous
input channels. The instrumentation system is shown
schematically in figure 1. This part of ISO 7626 pro-
vides information on the selection and use of these
components.

The force and response signals from each impact are
anti-aliasing filtered and then digitally sampled using
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the transient capture mode of the analyser. Each of
the resulting digital records should represent a single
impact event. The discrete Fourier transform of each
record is computed by the analyser. Frequency do-
main averaging of several frequency-response func-
tions obtained from impacts at a given point may be
performed to improve the estimate.

4.2 Advantages and limitations of impact
excitation

ISO 762

d) damping restrictions;

e) dependance on operator skill.

6-5:1994(E)

These limitations are discussed in 4.2.1 to 4.2.5.

4.2.1 Nonlinearity restrictions

Mobility measurements on structures which exhibit a
significant degree of nonlinearity will always demand

special precautions. In such cases,
sinusoidal or random excitation with

the use of
an attached

exciter is preferred, if practical, instead of the
Impact excitation offers the following intrinsic advan- impact-excitation technique.
tages compared with the use of an attached exciter: With the impact-excitation téehnique, | the energy
a) measurement speed: needgd to .drlve _the response signal fto a certain
magnitude is put into the-structure durjng a limited
b) ease bf installation: part of the time period used for analysis. Compared
to sinusoidal or rapndam excitation, the |force of the
c) ease pf relocating the excitation point: impact pulse therefore has to be much larger and the
effects of nonlinearity are therefore increased.
d) mininpal structural loading by the exciter. . .
rT For measurements on systems with a sjgnificant de-
On the ofher hand, the following limitations of impact gree of Ronlinearity, it is very importarjt to keep a
excitationl must be taken into account: record\of the force used for the excitation and a rec-
ord>, of the system response. In this|aspect, the
a) nonlirjearity restrictions; sinusoidal excitation techniques are prgferable. If a
hand-held hammer is used to generate [the impacts,
b) signalto-noise problems; the individual force amplitudes may vary|significantly.
The repeatability of such a measuremen{ will be poor
c) limited frequency resolution; for nonlinear systems.
Structure under test
Output devige
’ Storage Printer/ plotter
<8 oscilloscope 75
(bl |
b o e e e ———m———— R
Motion-response J i E v ﬂ:
transducer(s) P i W '
' | S |
a ; ! K —— i
Signal ; ' E
. _ conditioners ! ! L Display — :
! ' L L 1 H - L !
: : Anti- "] Analog/ !
! tttrtrrrremAm— — :__ | aliasing digital =) OFT and FRF |
O :__ filter converter computation ‘:
e e e e J

Basic feature
Optional feature

DFT = Discrete Fourier transform
FRF = Frequency-response function

Fourier analysis system

Figure 1 — Instrumentation block diagram for impact excitation
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4.2.2 Signal-to-noise problems

Because the average signal levels are low compared
with the peak levels, impact measurements require a
very low noise testing environment and the maximum
possible dynamic range in the measurement system.
This requirement may rule out the use of current

analog tape-r

A significant

ecording techniques.

noise problem can occur because the

force signal duration is short compared with the total

record lengt
mentation e
duced backg
that is signif
value of the
by the windg

ectrical noise and the mechanically in-
round noise having a mean square value
icant compared with the mean square
input force. Such noise can be reduced
wing techniques described in 8.5.

4.2.3 Limitged frequency resolution

The frequend
a discrete Fd
band-limited
ciprocal of t
each record
record length
for the impul
the level of t
guency resol

y increment, in hertz, which results from
urier transform (including the case of a
or “zoom" analysis) is equal to the re-
he record length, in seconds. Because
represents a single impact event, the
is effectively limited to the time required
e response of the structure to decay to
he background noise. Therefore, the fre-
Lition attainable depends on both the re-

sponse of the structure and the background noise

level. In som
necessary) u
the frequen
however, ac
discrete freq
for most ap
high modal g
narrow frequ
sufficiently f
measuremen
excitation mq

By its very n:
from d.c. t

e cases, it may be impractical (and un-
5ing impact excitation to achieve directly
by resolution specified in 1SO 7626-2;
urate mobility values can be obtained at
uencies with sufficiently fine<resolution
blications. If the test structure exhibits
ensity (i.e. multiple rgSonances within a
ency band), it may.be)difficult to achieve
ne resolution for an accurate mobility
t. In those cases/one of the steady-state
thods with{“zoom" analysis is preferred.

ture, the“spectrum of an impact extends
b some upper frequency limit. (See

clause 6.) ThisZnability to band limit the excitation

© ISO

response signal leads to a trade-off between fre-
quency resolution and background noise level, as
discussed in 4.2.3. This limitation can also be under-
stood as a manifestation of the inherently low average
energy level for a given impact force magnitude.
Heavily damped structures may require higher energy
continuous excitation in order to balance their high
internal energy dissipation characteristics and to
produce sufficient response data for accurate meas-
urement.

A e : :  has ex-
tremely light damping. The frequency-respopse func-
tions of such a structure exhibit very sharp resonance
peaks which will require high-resolution zogm meas-
urements for accurate definitions~as discussed in
4.2.3. The use of an exponential"decay wirjdow can
help by adding a known amiount of artificial|decay to
the data. If windowing is Used, the resulting mobility
data shall be corrected, as described in|8.5 and
annex A.

4.2.5 Dependeénce on operator skill

The accuracy of mobility measurements pgerformed
using~@ hand-held impact hammer depends on the
ability of the operator to maintain the correct location
and direction of impact. These effects can|normally
be held within acceptable limits if the impacts are
applied carefully, but they may be significgnt if the
test structure is small, requiring very fine spatial res-
olution.

Operator skill is also required in order [to avoid
impactor rebound; see 6.4.

5 Support of the structure under test

Mobility measurements may be performed [on struc-
tures either in an ungrounded condition (freely sus-
pended) or in a grounded condition (attachgd to one
or more supports), depending on the objective of the
test.

spectrum restricts the usefulness of “zoom” analysis
for improving the frequency resolution of impact
measurements, and it places further demands on the
dynamic range of the measurement system. It also
increases the danger of undetected overloads
(clipping) in the measurement system due to high-
amplitude out-of-band signals. See 6.3 and 8.4.

4.2.4 Damping restrictions

Impact excitation has limitations for testing heavily
damped structures because the short duration of the

5.1 Ungrounded measurements

Ungrounded measurements employ a compliant sus-
pension of the test structure. The magnitudes of all
elements of the driving-point mobility matrix of the
suspension, at its point(s) of attachment to the struc-
ture under test, should be at least ten times greater
than the magnitudes of the corresponding elements
of the mobility matrix of the structure at the same
attachment point(s).
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5.2 Grounded measurements

Grounded measurements employ a support of the
test structure which is representative of its support in
typical applications unless otherwise specified. A de-
scription of the support and attachment should be in-
cluded in the test report.

6 Application of the excitation

ISO 7626-5:1994(E)

skill of the operator in maintaining the correct location
and direction of impact. For small test structures, it
may be necessary to provide a suitable mechanical
device to guide the impactor to a repeatable location
and direction on the structure. For testing large
structures which require higher energy, the impactor
may take the form of a large mass suspended from
cables and either dropped or swung. Alternatively, a
smaller mass may be accelerated to a high impact
velocity by a spring, solenoid pneumatic actuator, or
other means.

6.1 Impactor-design

A typical|l impactor consists of a rigid mass with a
force tramsducer attached to one end and an impact
tip attac}ed to the opposite side of the force
transducegr, as shown schematically in figure 2. The tip
stiffness jJand impactor mass shall be selected as de-
scribed in 6.3, in order to achieve a force pulse of the
desired duration and to avoid rebounds.

For small|values of impactor mass, the impactor often
takes th¢ form of a hand-held hammer with inter-
changealjle tips and masses. However, the accuracy
obtained [using a hand-held impactor depends on the

Force transducer \

The area of the impact surface of the,{ip should be
large enough to withstand the maxithum force em-
ployed without permanent deformation fof either the
tip or the test structure. On_the other hand, a small
tip area may be necessary)ifvery fine |spatial resol-
ution of the location isrequired. The veglocity vector
of the impactor at the-moment of impact] should be in
line with the sensing,axis of the force transducer and
should be perpendicular to the surfacgd of the test
structure at the-point of impact within 10°. It is gen-
erally easier\to maintain the proper orieptation if the
impactof/body is relatively long compgred with its
cross-sectional dimensions.

([

Mass M Interchangeable mass

Interchangeable impactor tip -—f

Figure 2 — Typical impactor
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6.2 Force spectrum characteristics

A theoretical impulse of infinitesimal duration contains
equal energy at all frequencies. However, the spec-
trum of any actual force pulse has a finite usable
bandwidth which is inversely proportional to the dur-
ation of the pulse. This provides a useful means of
concentrating the excitation energy below the maxi-
mum frequency of interest. In practice, the spectrum
of a single force pulse typically has the form of a main
lobe at low frequency followed by higher-frequency

© SO

the increase in frequency range achievable by in-
creasing the tip stiffness. In this case, a more effec-
tive method of increasing the frequency range of the
excitation is to reduce the mass of the impactor.

The force and response spectra should be checked for
excessive energy above the frequency range of inter-
est by using a force equal to the maximum likely to
be employed during the test. The impactor character-
istics should then be adjusted if necessary to achieve
the desired frequency range.

side-lobes whese mayn;tudco decrease |ap;d:y wwith
frequency. Figure 3 shows a force pulse and the cor-
responding epergy spectral density. The usable fre-
quency rangg of this pulse extends up to about
1 000 Hz, depending on the response characteristics
of the structufe under test.

NOTE 11 There is an inherent trade-off between time-
domain resolutjon and frequency-domain resolution in the

discrete Fourie
frequency reso|

transform. In order to obtain the maximum
ution, the frequency range of the analyser

should not extend beyond the maximum frequency of in-

terest. Due to
Fourier transfo
represented byl

the sampling relationships of the discrete
m (see 8.3), the force waveform will be
only a few discrete samples in the digital

record used by|the Fourier analyser. The force waveform is

also shaped by

the anti-aliasing filter. These factors, which

are necessary fpr accurate frequency-domain analysis, make

the digital req

ords ill-suited for monitoring the force

waveform during impact measurements (uniess the analysis

bandwidth is in

reased to a frequency well above the usable

frequency range of the force pulse). Figure4 shows thé
same force plise as figure3, but low-pass filtered\at

625 Hz. Note
agreement, alf
figure4 shows
magnitude.

hat the two energy densities show.good
hough the digitized force waveform in
a considerably different shapeand peak

6.3 Controf of the frequency range of

excitation

In order to make optimum-use of the dynamic range
of the measurgment system, it is desirable to limit the

frequency rary

ge of.excitation to the maximum fre-

quency of irrterest. The excitation bandwidth is

controlled by

he-tip stiffness and the impactor mass

6.4 Avoidance of impactor rebounds

If more than a single impact occurs-within the data
record, the Fourier transforms of-the pulses|tend to
cancel at certain frequencies, creating sharp |notches
in the force spectrum (see-figdre5). This cgn cause
significant errors in the( mobility measurement at
these frequencies, due‘to a low signal-to-ndise ratio
in the force spectrum. Even if the impact iy applied
very carefully, it may-be impossible to avoid rebounds
when exciting @t)a very responsive point on [the test
structure with(a relatively massive impactor. [The sol-
ution is toreduce the mass of the impactor the tip
stiffness should then be adjusted to maintair] the de-
sired«frequency range of excitation.

If,the second impact is small compared with the pri-
mary impact, the force spectrum may exhibif a slight
ripple rather than deep notches. Moderate dips in the
force spectrum can normally be tolerated. [Multiple
impacts are most easily detected in the frequency
domain by checking the force spectrum at g¢ach im-
pact location. It is also desirable to monitor the time-
domain waveform; a storage-type oscilloscdpe may
be used to observe the unfiltered force signalf so that
secondary impacts will not be obscured by the anti-
aliasing filter “ringing” from the primary impaft.

WARNING — Never use a “force window” (see
8.5) to eliminate secondary impacts from the force

The frequency range of a given impactor can be re-
duced either by decreasing the tip stiffness or by in-
creasing the impactor mass.

The actual frequency range achieved also depends on
the effective stiffness and mass of the test structure
at the point of impact. Low structure stiffness limits

record prior to Fourier processing. When using a
force window to reduce noise in the force signal,
take care that it does not mask multiple impacts
which actually occur. The response will still in-
clude the effects of the multiple impacts, thus re-
sulting in an erroneous estimate of the frequency
response function.
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7 Transducer system

7.1 General

Transducers and their associated signal conditioning
should be selected in accordance with the criteria
given in ISO 7626-1 and ISO 7626-2. For use in im-
pact measurements, it is especially important that the
transducer system has low noise and a large linear

© IS0

8 Processing of the transducer signals

8.1 Filtering

The transducer signals shall be low-pass filtered be-
fore the data are sampled and digitized by the Fourier
analyser, in order to prevent out-of-band signals from
being improperly interpreted within the analysis
range, a phenomenon known as “aliasing”. Most
commercially available analysers now include built-in
filters with cut-off frequencies matched to the avail-

dynamic range|.

7.2 Impactor calibration

Although the
transducer andg
fect the motio
icant effect on
The following
performed at t
measurementg
the mass or tif

This operationd
the procedure
performed by
accelerance 0
block of know
sponse for the
known value (f
of 1/m, where
block, includin
+ 5% over t
should be accq
value for the n
ing the calibra
the correct m
operational cal

effective mass between the force
the structure under test does not af-
n-response signal, it may have a signif-
the force calibration of the impactor.
operational calibration test should be
he beginning and end of each series of
, and it should be repeated whenever
of the impactor is changed.

| calibration is essentially the same as
described in ISO 7626-2:1990, 7.5; it is
measuring either the mobility or the

a freely suspended rigid calibration
n mass. The measured frequency re-
calibration block should agree with its
or example, an accelerance magnitude
m is the total mass of the calibration
g any attached transducers) within
ne frequency range of interest.: This
mplished by using a known~calibration
notion-response transducer and adjust-
ion constant for the §ignal to achieve
Dbility or accelerané€) magnitude. The
bration test should also be performed

on any additio
used in the

al response transducers which will be
easurements” (for example multi-axis

response trangducers)ithese transducers should be
assigned calibfationtvalues consistent with the force
calibration obtgined\above. The measurement system
and the impactor=shall be in the same configuration

able frequency ranges of the analyser. Theadequacy
of alias protection can be checked by using B good-
quality signal generator to produce alfull-scdle sine
wave input at a variety of out-of-bandfrequendies and
checking the resulting spectra 46D spurious [in-band
frequency components. The piost important frequen-
cies to be used are at and. above the sampling fre-
quency minus the maximura’ analysis frequengy.

Other important filter characteristics inclufe the
channel-to-channel/gain and phase match within the
pass-band. Theoperational calibration test given in 7.2
includes these factors, along with all other asgects of
the measurement system. The channel-to-thannel
match _of, the filters and analyser can be cheg¢ked by
connecting the same broad-band (randpm or
impulsive) signal to all filter channels and mdasuring
the frequency response between each pair df chan-
nels. The magnitude of the frequency rgsponse
should equal unity within + 5 % over the frgquency
range of interest, and the phase should be zer¢ within
+ 5°.

In order to make full use of the dynamic rang¢ of the
analyser, it may be desirable to employ a high-pass
filter to attenuate signal components below the fre-
quency range of interest. In particular, any d.g. com-
ponent in the transducer signals may be eliminated
by “a.c. coupling” the inputs to the analyser.| This is
especially important if windowing is employg¢d (see
8.5). If high-pass filtering is used, make certain that it
does not introduce gain or phase errors within the
frequency range of interest.

as will be used in the mobility measurements which
employ this calibration value. The mass of the cali-
bration block shall be chosen so that its mobility is
representative of the range of mobilities to be meas-
ured.

If the calibration measurement does not yield an
accelerance value which is essentially constant over
the frequency range of interest, the cause of this dis-
crepancy should be investigated and resolved before
proceeding with the test.

10

8.2 Transient capture characteristics

The digital record of each impact should be acquired
using the transient capture mode of the analyser, in
order to place the beginning of the data near the start
of the digital record. The digital record should include
a small amount of pre-trigger data in order to ensure
that the leading edge of the impact is not lost. See
figure 6. If the analyser lacks pre-trigger capability, the
best method is to use external triggering on the un-
filtered force signal.
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8.3 Sampling relationships

Each digital record for Fourier processing consists of
a fixed number, N, of equally spaced-discrete samples
from a {iltered analog waveform( The block size N of
the discfete finite transform (DT) is usually a power
of two,|because efficient.algorithms exist for such
values. |A block size 0of 47024 samples is typical in
current designs. Thergeord length is T = NAt, where
At is thg¢ sampling ipterval, in seconds. The sampling
frequengy is 1/Af

The DF[ of\such a record produces (N/2) + 1 non-
redundant-ecomplex Fourier coefficients which repre-

-1000 1
-2000 T
- \ Beginning of digital record
-3000 +
_Looohllllllll%llll!lll
0 0,005 0,04 0,015
Time, s

Figure 6 — Transient captured force-time history with pre-trigger

For the case of transient data which ar

0,02

e entirely con-

tained within the digital record, the DFT coincides

with the true Fourier transform over
range measured; that is, the discrete s
of the DFT are samples from the idealiz
spectrum. The response signals from &
on a linear structure take the form of a
exponentially decaying sinusoids, plus
ground noise. The best results are usua
the response signal decays to about 1
magnitude at the end of the record. T
resents a compromise: using a longer
ture the response down to the limit
would improve the frequency resolutio

he frequency
pectral values
ed continuous
n impact test
summation of

some back-
lly obtained if
o of its initial
his figure rep-
record to cap-
of detection
N but it would
the measure-

decrease the signal-to-noise ratio of

sent the spectrum at discrete frequencies with a
spacing of Af=1/T Hz from 0 Hz up to half the sam-
pling frequency (known as the Nyquist frequency). In
practice, the cut-off frequency of the filters must be
set to a value somewhat below the Nyquist frequency
in order to prevent aliasing, because the filters are not
infinitely sharp. Typically, the sampling frequency is
from 2,56 to 4 times the filter cut-off frequency, de-
pending on the filter roll-off characteristics; for a block
size of 1024, this yields between 400 and 256
“spectral lines” of valid frequency domain information
from the DFT.

ment; using a shorter record leads to excessive trun-
cation of the response and causes the signal
processing error known as “leakage” to become sig-
nificant.

Since the record length is the product of the block
size and the sampling interval, it might seem that the
record length could be controlled by proper manipu-
lation of these two factors. However, the sampling
frequency is fixed by the desired frequency range, and
the block size is constrained by the design of the
Fourier analyser employed. In particular, very lightly

11
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damped structures may require an extremely large
block size if this approach is taken. Two additional
methods are more commonly used to deal with this
case.

a) An exponential window (see 8.5) may be used to
add a known amount of artificial decay to the data
before Fourier processing.

b) Zoom processing may be employed to increase
the effective record length without actually in-

© SO

8.5 Windowing techniques

8.5.1 Force signal

Because the impact force signal represents a very
small portion of the digital record analysed (typically
less than 1 %), even very low level noise may produce
significant errors in the autospectrum of the force.
This is especially true if either zoom or a very large
blocksize is used. Such noise is not reduced by aver-
aging with the usual frequency-response function es-

creasing thg DIock size.” Zoom provides enhanced
frequency fesolution within a reduced analysis
band.

8.4 Avoidarice of saturation (clipping)

Impact excitatipn presents a particular danger of sat-
urating the mgasurement system, due to the likeli-
hood of signifitant amounts of out-of-band energy in
the signals. Furthermore, the need to use the maxi-
mum dynamic|range available means that the peak
signal values will often be rather close to the satu-
ration limits al various points in the measurement
system. As nofed in 6.2, the digital records which are
used in the mpasurement provide poor definition of
the actual wavgforms; they should not be relied on for
the detection df saturation. The best means of avoid-
ing saturation i§ to monitor the unfiltered signals with
a storage-type pscilloscope having a bandwidth which
extends well Heyond the signal bandwidth. If this is
not available, the signals may be checked «using the
Fourier analysdr on a frequency range well_above the
highest frequegncy present in the data;/ this check
should be performed at each location prior to the
mobility measyrement, using an mpact force equal to
the highest wihich will be usedyduring the measure-
ment.

Saturation proplems .are” not always evident as a
clipped appeargnce inrthe transducer waveforms; the
manufacturer'y specifications for the maximum volt-

fimate, since the noise I1s additive n the| force
autospectrum. (See ref. [8].)

Random noise can be greatly reduced: by multiplying
the force record by a “force window.” which hgs unity
gain for a portion of the record which includes the
force signal (including the filter-response), arld sets
the remaining samples in the record to a valug of ex-
actly zero prior to FourierZprocessing. This procedure
introduces no distortioh. as long as none of the force
data is attenuated and the background ngise is
broad-band in nature. Figure 7 compares the fenergy
spectral density. of a typical pulse with and Yvithout
force windowing.

WARNING — if the force record contains [signif-
icant levels of periodic noise or d.c. offsef, then
force windowing will reduce its magnitude|in the
spectrum; however, the spectrum of the noise will
be spread over a rather wide frequency range due
to FFT leakage caused by truncation of the con-
tinuous noise signal. Therefore, noise which oc-
curs at discrete frequencies of no interest (such
as 0 Hz or power line frequency) may contaminate
a significant portion of the frequency range of in-
terest after windowing. Leakage can be restricted
to a somewhat narrower frequency band by using
a force window which makes a smooth trapsition
between zero and one, as described in ref. [4].
However, the best approach is to eliminpte all
periodic and d.c. noise components from the data
before applying a force window.

Figure 8 shows the effect of windowing a forc¢ signal

age for linear 'eperation—shoutd—e—observed—Saty
ration may be eliminated by reducing the impact
force, reducing the gain in the signal conditioner
and/or the Fourier analyser, or by selecting a less-
sensitive transducer, as appropriate.

12

WIth excessive b0 Hz noise using a rectangular force
window.

NOTE 12 The same warning applies to the use of the
exponential window described in 8.5.2.
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Figure 7 — The effect of “force windowing”
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8.5.2 Windowing the response signals

As described in 8.3, the response signals should de-
cay to about 1 % of their initial values at the end of
the digital record in order to prevent truncation errors.
A convenient check is to verify that the peak response
signal at the midpoint of the record is about 10 % of
the highest peak response. For lightly damped struc-
tures it may be impossible (or undesirable) to achieve
this condition directly because it may require an im-
practically large blocksize or a very narrow bandwidth
zoom in the Feurieranalyse dch—finre—frequens

© ISO

An exponential window has an initial value of unity,
and decreases exponentially to some final value at the
end of the time record. Figure9 shows a lightly
damped response record and the corresponding
frequency-response estimate. Figure 10 shows the
same data after applying an exponential window
which decays to 5 % of the initial value. The fre-
guency response in figure 9 exhibits the characteristic
signs of DFT “leakage” errors: significant phase dis-
tortion and a somewhat noisy magnitude plot. Fur-
thermore, the unwindowed
dretior—will—tRderestimate—the—try ghitude of

resolution is nott otherwise required by the application, each resonance peak by an unpredictable>amount
then a better|approach may be to add a known which depends on the fraction of the total-repponse
amount of artificial decay to the response data prior for that particular vibration mode which hag been
to Fourier processing by means of a time-domain ex- truncated in the time record.
ponential decay window.
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Figure 9 — Unwindowed response and frequency-response function
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Figure 10 shows a marked reduction in distortion, and
although all resonance peaks show reduced ampli-
tude, these amplitudes can be corrected by the pro-
cedure given in annex A. This correction depends on
determining the apparent damping of each vibration
mode present in the (windowed) data, and then sub-
tracting the known damping due to the exponential
window. As a general guideline, the response signal
shouid decay naturally to 25 % or less of its initial
magnitude within the digital record, otherwise the
amplitude corrections become very sensitive to any

© SO

improve the estimate of the frequency-response
function. This estimate may be obtained as the aver-
aged cross-spectrum of the response and the force,
divided by the averaged autospectrum of the force.
Averaging also permits calculation of the coherence
function (see 9.1).

In a low-noise environment, averaging three to five
impacts is usually sufficient to verify data quality. A
larger number of impacts may be used to reduce the
effect of uncorrelated noise on the response signals.

error in the darhping estimates.

Even if the timg record is long enough to capture es-
sentially all of fhe response data, the use of an expc-

However—the ;Illpabt methodtoses—its opccd advan-
tage if a very large number of impacts must'ble aver-
aged, and so other excitation methods)shauld be
considered if the background noise ‘cannot |be re-

nential window can improve the signal-to-noise ratio duced.
of the measuregment by giving increased weight to the
high-amplitude [portion of the response. Make sure that the response.qfithe structure has de-
cayed below the limit of detection before applhfing the
next impact for averaging~any residual “ringirjg” will
8.6 Averagipg techniques interfere with the measurement of the subsequent
response signals. For-small or lightly damped struc-
Frequency-domain averaging of data from several im- tures, it may becUseful to damp out the structural re-
pacts at a fixefl point may be performed in order to sponse manually.
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a) Acceleration response with exponential window
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Figure 10 — Exponentially windowed response and frequency-response function
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