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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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
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Part 3

bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

fask of technical committees is to prepare International Standards. Draft Interpational Standa
y the technical committees are circulated to the member bodies for voting.“Publication as
bl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

shall not be held responsible for identifying any or all such patent rights.

31 was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and condi
Subcommittee SC 3, Use and calibration of vibration and shock measuring instruments.

Jition cancels and replaces ISO 5347-11:1993.

sducers:
Basic concepts

1: Primary vibration calibration by laser interferometry

D

Primary vibration calibration by the reciprocity method

B: Primary shock calibration_using laser interferometry

b: Primary angular vibration calibration by laser interferometry

1: Vibration calibration by comparison to a reference transducer

P

Shock calibration by comparison to a reference transducer

1: Testing of transverse vibration sensitivity

the

rds
an

drawn to the possibility that some of the elements of this document may’be the subject of patent

ion

consists of the following parts, under the general:itle Methods for the calibration of vibration and

Part 4

The followi

1 “Calibration of laser vibrometers

ng parts are planned:

Part 23: Angular vibration calibration by comparison to reference transducers

— Part 32: Resonance testing)

Part 42: Calibration of seismometers

1) Revision of ISO 5347-14:1993 and ISO 5347-22:1997.
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Methods for the calibration of vibration and shock
transducers —

Part 31:
Testi ‘ ¢ ibrati itivit

Scope

is part of ISO 16063 specifies details of the instrumentation and methods to be-used for transvers
sitivity testing. It applies to rectilinear velocity and acceleration transducers.

methods and procedures specified in this part of ISO 16063 allow the-determination of the sen
sducer to vibration in the plane perpendicular to its geometric axis, of.sensitivity (see Annex A
magnitude of this transverse sensitivity can vary with the direction* of the applied vibration, f{
hods determine the maximum value. Using that value, thefratio of the transverse sensiti
sitivity on the geometric axis of the transducer can be calculated. In addition, the angle at
imum transverse sensitivity occurs can be determined.

Th¢ methods and techniques specified can be applied>without re-mounting the transducer aw
nting surface during the test, thus avoiding significant uncertainties often encountered in met
require repeated mounting. The different methods«specified use a single-axis vibration exciter,
vibfation exciter or a tri-axial vibration exciter. Tri-axial vibration excitation allows the transverse ser
the| sensitivity on the geometric axis to be determined simultaneously, thus simulating application
where the transducer is exposed to multi-axial-vibration.

NOJTE In accelerometer designs using.a bending beam, the transverse sensitivity measured without g
acting on the geometric axis of sensitivity“of the accelerometer may considerably differ from the transvers
meagasured in the presence of a vibfation acting on the geometric axis of sensitivity (i.e. when the bend
deflected by a vibration to be measured).

This part of ISO 16063 is—applicable to a frequency range from 1 Hz to 5 kHz and for a dynamic

/s2 to 1 000 m/s2. (frequency dependent) and from 1 mm/s to 1 m/s (frequency dependent
ampng all the systéms specified it is possible to achieve these ranges, generally each has
permitting its use.in_Mmuch smaller ranges.

The methods specified are by comparison both to a reference transducer and to a laser interferome]

The¢ methods specified allow an expanded uncertainty of the transverse sensitivity (coverage fact

e vibration

sitivity of a
. Because
he various
vity to the
which the

y from its
ods which
a two-axis
sitivity and
conditions

ny vibration
e sensitivity
ng beam is

range from
. Although

limitations
ter.

br k = 2) of
tivity of the

0,1 %-or less to be achieved, if the expanded uncertainty is expressed as a percentage of the sens

testtramsducerimits Sensitive axis:

2 Normative references

The following referenced documents are indispensable for the application of this document.
references, only the edition cited applies. For undated references, the latest edition of the
document (including any amendments) applies.

ISO 266, Acoustics — Preferred frequencies

For dated
referenced

ISO 16063-1:1998, Methods for the calibration of vibration and shock transducers: Part 1: Basic concepts
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3 Uncertainty considerations

An expanded uncertainty of 0,1 % (see Clause 1) means, for the example of a transverse sensitivity of 1 %,
that the measured value lies within the interval of 0,9 % to 1,1 %.

All users of this part of 1ISO 16063 are expected to assess and report the uncertainty of measurement
according to ISO 16063-1:1998, Annex A, to document their uncertainty expressed as expanded uncertainties
for a coverage factor of 2 or a coverage probability of 95 %. It is the responsibility of the laboratory or end user
to make sure that the reported values of expanded uncertainty are credible.

4 Dete

'mination of transverse sensitivity using a single-axis vibration generator

4.1 Apparatus

The single
exciter tha
such that

table (whe
Z-direction
preferably
shown in A

Another ex
turntable d
the fixture
amplitude
sensitivity
vibration e
transverse
total setup
should be
transverse
Clause 8.

The freque

for continuous rotation over at least 180°. An example (Reference:{5]) of an octahedral fixtur
igure 1.

riven by a stepper motor as specified in Clause 5. The amplitude of the transverse acceleratio
Hue to transverse motion inherent in the vibration exciter'shall be less than 1 % of the accelera
n the Z-direction at each of the test frequencies. /6t cases in which the measured transve
s less than 2 % of the sensitivity measured on_the geometric axis, the transverse motion of
kciter shall meet even higher requirements (e.g:;0,2 % at the test frequencies). To ensure that
motion of the vibration exciter is sufficiently.small, measurements of the transverse motion of
(vibration exciter with fixture) with a load, clese in shape and weight to the transducer being tes
performed beforehand or the transverse.motion could be monitored during the measurement of
sensitivity. For the measurement of the input and output signal of the transducer to be tested,

of the vibration exciter, and on the mass of the fixtures and of the transducer tested. Acceleration amplitu

from 1 m/s

4.2 Met

P to 200 m/s2 can be generated.

hod

421 Test procedure

ample is the use of an electro-dynamic long-stroke vibrationexciter operated in combination wi:}h a

axis test system of transverse sensitivity specified in this clause consists of a sihgle-axis vibrafion
is equipped with a specially designed fixture that enables the transducer under.test to be mounted
ts geometric axis of sensitivity is perpendicular to the direction of motion’ef-the vibration exgiter
re the direction of the motion of the vibration exciter table shown in_Figure 1 is defined as [the
. It shall be possible to mount the test transducer at different angles about its sensitive akis,

is

of
ion
rse
the
the
the
ted
the
see

ncy range of the transverse-test system is generally 1 Hz to 5 kHz, depending on the working rapge

les

to

Vibrate the transducer at the reference amplitude and frequency on the geometric axis of sensitivity
determine|its sensitivity, Sy, (briefly referred to as S). Determine the values of transverse sensitivity a
function of frequency, St, by vibrating perpendicularly to the sensitive axis of the transducer at different angles

about its sensitive axis.

b a

The directions and magnitudes of the maximum and minimum transverse sensitivity shall be reported at a
designated test frequency or as a function of frequency.

© 1SO 2009 - All rights reserved
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Key

1 | screw unit for re-mounting the-octahedron in different positions (angle shifts of 45°)
2 |transducer to be tested

3 |octahedron

4 |reference accelerameter

5 |vibration exciter‘table

Figure 1 — Example of a fixture for mounting the test transducer with its sensitive axis perpendicular
to the direction of the vibration generated by the vibration exciter

4.212 — Expression of results

Calculate the transverse sensitivity, St, using Equation (1):

sp=-out (1)
T
where

gyt is the amplitude of the output signal of the transducer vibrating perpendicularly to its sensitive
axis;

ar is the amplitude of the acceleration in the test direction.

© 1SO 2009 - All rights reserved 3
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Calculate the relative transverse sensitivity, S;, expressed as a percentage, using Equation (2):

S}:STTmOO% (2)

where S is the sensitivity of the transducer on the geometric axis of sensitivity.

5 Determination of the transverse sensitivity using a vibration generator with
turntable

5.1 Ap;Lratus

5.1.1 Ggneral. The single-axis test system of transverse sensitivity specified in this clause)consists gf a
single-axis|vibration exciter and a rotating table.

NOTE An apparatus similar to Figure 2 is used by several manufacturers of accelerometers’in-order to comply yith
criteria conlained in ISA-RP 37.2[8l. For details of the apparatus specified as an example in the following, [see
Reference [f].

o 4

AN \\\\\\X(\\\\\\\\\\\\\\\\\

/\

////////////////////////////////////////

1 5

1 rotating|disk

2 drive rofl

3 turntable eontrolled by a stepper motor
4

5

slide or'airbearing
transducer to be tested

a(t) acceleration

@, angular frequency (“speed”)

Figure 2 — Example of a mechanical vibration exciter with turntable
used for the measurement of the transverse sensitivity

The crank is driven at a constant speed, @, by an electric motor via a toothed belt. The slider, in turn, drives a
carriage, the motion of which is constrained by two bars with bronze sockets. On the carriage, there is a
turntable whose motion is controlled by a stepper motor. The carriage is made to oscillate at approximately

4 © 1SO 2009 - All rights reserved
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12 Hz with a 25,4 mm peak-to-peak amplitude, which corresponds to a root mean square (r.m.s.) acceleration
value of 51 m/s2.

The accelerometer to be tested is held in place on the turntable of the carriage through, for instance, a
Ya-28 UNF hole drilled in the centre of the turntable. Normally the accelerometer is placed such that the
geometric axis is perpendicular to the direction of acceleration. However, by using specially designed
adaptors, the geometric axis of the accelerometer can be aligned with the direction of motion of the carriage.
Then, the sensitivity on the geometric axis of the accelerometer can be determined at the same excitation
frequency as its transverse sensitivity. The accelerometer then can be mounted with its geometric axis
perpendlcular to the d|rect|on of motlon of the carrlage to determine transverse sensmwty as a funct|on of the

en 30 s and
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Key
1 power supply/coupler (or) charge amplifier 8 angular position controller for items 4 and 7
2 filter 9 stepper motor
3 digital voltmeter (DVM) 10  controller
4 angular position detector part A 11 computer
5 carriage 12 driver
6 transducer under test mounted on turntable 13  a.c. motor
7 angular position detector part B 14  turntable control panel

Figure 3 — Example of block diagram of complete signal conditioning and data acquisition system

© 1SO 2009 - All rights reserved
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It is recommended that an accelerometer be permanently or periodically placed in the direction of the slider
motion to monitor the condition of the exciter. By double integration, the value of amplitude of displacement
can be computed from the acceleration experienced in the excitation axis and hence a comparison drawn
between the observed value and the expected value (25,4 mm).

The transverse test system is generally operated at a fixed frequency between 5 Hz and 15 Hz and a fixed
displacement amplitude (25,4 mm peak-to-peak amplitude is widely preferred, see Note).

5.1.2 Vibration exciter assembly. In the example introduced in 5.1.1, the vibration exciter consists
essentially of a three-phase synchronous a.c. motor and a mechanical excitation unit. The excitation unit itself
is compospd of a crank-slider mechanism driving the rarriagp with the turntable controlled hy a stepper motor
on to which the transducer under test is mounted. With a power line frequency of 50 Hz, the synchronpus
speed, n, i$ 1 500 r/min for the 4-pole motor in use.

NOTE The use of a 3-phase, 4-pole synchronous motor is not mandatory. To simplify the setup, a, Special serfjes-
wound single-phase motor can be used working in a synchronous way with the power line frequency.

5.1.3 Signal conditioning and data acquisition system. In general, the output pf\the unit under {est
requires sjgnal conditioning, including filtering and amplification. The signal conditioning unit may [be
comprised|of a power supply, voltage or charge amplifier, and a 24 dB/octave narrow analogue band-pass
filter which| can be a combination of a high-pass and a low-pass filter. The filteréd)signal is connected to fthe
input of th¢ DVM which is in turn connected to a computer via a suitable digital interface. Figure 3 shows a
block diagfam of an example of a complete signal conditioning and data acquisition system.

5.2 Method

Mount the [transducer in a test arrangement such that the known;vibratory motion in a plane perpendiculaf to
the sensitiye axis is at least 100 times the motion in the diréCtion of the sensitive axis. The frequency and
amplitude pf the motion shall be stated and shall lie within.the rated frequency and amplitude ranges of fthe
transducer| Determine the amplitude of maximum transverse sensitivity and the direction of the maximum and
minimum gensitivity by rotating the transducer about its'geometric axis of sensitivity.

NOTE Generally, the most interesting parameters:are the maximum transverse sensitivity and the direction of|the
minimum trgnsverse sensitivity.

5.3 Expression of results

Express tHe output at the maximum/transverse sensitivity as a percentage of the output which would|be
obtained if[the known motion were applied in the direction of the geometric axis (Reference [7]).

For further|details, see 4.2:27anhd Annex A.

6 Determination of transverse sensitivity using a test system
with X- and Y-vibration generators

6.1 Apparatus

The transverse test system consists of at least two vibration exciters in the X-Y plane, X- and Y-axis reference
accelerometers, a power amplifier and a computer-based acquisition and control system. In Figure 4 and
Figure 5, two versions of transverse vibration exciters are shown (see Reference [8] for Figure 4 and
Reference [9] for Figure 5). Both are designed to generate vibration in all possible directions in the X-Y plane,
yet keeping a fixed angular position of the transducer. This is in contrast with the methods specified in
Clause 4, in which the motion is in a single direction and the transducer is turned through all angles to find the
direction of maximum transverse sensitivity.

6 © 1SO 2009 — All rights reserved
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Key

X-axis reference accelerometer

Y-axis reference accelerometer

transducer to be tested

direction of transverse acceleration

signal conditioner

computer, data acquisition, analogue output
power amplifier

X-axis actuator

Y-axis actuator

© 00N O WN =

Figure 4 — Example 1 of a test system with X~Y plate

© 1SO 2009 - All rights reserved 7
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19 | | - 1

Q-b-
1

Key
X-axis reference accelerometér
Y-axis reference accelerometer
transduger to be tested

air bearjng pad

X=Y plale
signal cpndijtioner

computgri.data acquisition, analogue output
power amplifier

X-axis vibration exciter

© 00 N O O b WOWN =

10 Y-axis vibration exciter
11 frame

Figure 5 — Example 2 of a test system with X-Y plate

The first vibration exciter (see Figure 4) (Reference [8]) is a cylindrical rod cantilevered from a heavy base. At
the free end of the rod, the transducer to be tested is mounted with the sensitive axis parallel to the rod.
Piezoelectric bimorph actuators are attached to the rod, generally driven at the first natural flexural frequency
of the rod, to attain the large amplitudes and low-distortion waveforms at resonance.

8 © 1SO 2009 — All rights reserved
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NOTE The axial rigidity of the rod prevents significant motion in the sensitive direction of the transducer to be tested.
The slight angle of the deformed rod generates a longitudinal centripetal acceleration on the geometric axis of sensitivity of
the transducer to be tested. If the orbit is perfectly circular (see below), the centripetal acceleration is theoretically static; if
the orbit is nominally circular, then the acceleration is quasistatic. The angle is also a source of slight angular acceleration
around the X- and Y-axes at the vibration frequency.

The second version (see Figure 5) (Reference [9]) is a flat plate constrained to X—Y motion by air bearings, on
which the transducer to be tested is mounted with its sensitive axis normal to the plate. Two or more vibration
exciters are used to drive the plate. Attachment from the vibration exciter to the plate is designed to reduce
any Z-axis rotational motion (around the sensitive axis of the transducer).

¢ Figures 4

a number of directions.

Altgrnatively, by driving the vibration exciters so that the Y motion is in quadrature with X, that is

attern.

des, linear
at each of

90° out of

phase with X, a circular orbit can be created. Under these conditions, the) centripetal acceleration vector
rotates around the transducer to be tested once per period of vibrationh:)The amplitude and phase of the
tramsducer output are analysed, and are compared to the amplitude and phase of the reference transducers.
The transverse sensitivity is the ratio of the electrical output to thesaceeleration input of the transducer to be
tested, and the phase of the output with respect to the orbital niotion determines the direction off measured
tramsverse sensitivity.

Th
an(

e frequency range of the resonant rod is generally 350 Hz-to 500 Hz, depending on the mass of the fixtures

the unit tested. Acceleration amplitudes from 10 m/s%1o 200 m/s2 can be generated.

Fo
in fl

the flat plate system using two or more vibration exciters, the ranges are generally 5 Hz|to 100 Hz
requency, 10 m/s2 to 200 m/s? in acceleration -@mplitude and 1 mm to 10 mm in displacement anmplitude.

6.2 Method and expression of results

The method is explained in the following*for the example shown in Figure 4, for which a detailed de¢
published (Reference [8]). The computer controls the motion in the X-Y plane, generating apj
cirgular motion according to Equation (3) and Equation (4) (with a, =ay ). Furthermore, the
acquires the signals of the X--and Y-reference accelerometers and of the transducer to be tested.

scription is
roximately
computer

The transverse test system) generates rectilinear acceleration of the transducer under test in the X3-Y plane at

a frequency, f. The _mation is controlled such that the acceleration component along the X-axis and the
acgeleration component along the Y-axis are shifted in phase by 90°, according to the relationships:

ay (t) =aysin(2nft) (3)

ay (0= ay cos(2nft) (4)
where

ay is the amplitude of the acceleration component along the X-axis;

ay (t) is the time-varying value of the X-axis acceleration;

ay is the amplitude of the acceleration component along the Y-axis;

ay () is the time-varying value of the Y-axis acceleration;

f is the frequency of oscillation;

t is time.
© 1SO 2009 — All rights reserved 9
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In the general case, Equations (3) and (4) describe an elliptical motion in the X=Y plane. If the acceleration
amplitudes @ , and ay are equal, then a circle is described.

The magnitude, a, of the acceleration vector, a, and its direction angle, S, in the X-Y plane, determined at any
time, ¢, are:

a(t)=+a2(t)+a (1) (5)
B0y =tan1| () | ©)
Coxitr]

The maxinjum transverse sensitivity, St 54, of the transducer under test is the maximum of the ratio of fthe
transducer|output amplitude, u,,(¢), to the magnitude of acceleration, a(¢):

ST mak =Max {uou—t(t)} (7)

a(1)
where St 1ax is the maximum transverse sensitivity.

The amplithde output, u,(7), due to transverse motion can be very small ifthe geometric axis sensitivity (Sy, in
Figure A.1) of the transducer under test is small, such as in the case of shock accelerometers. In this case|an
improved dignal resolution can be obtained by using “sine-approximation” techniques (such as those specified
in ISO 160p3-11[2]) or fast Fourier transform (FFT) of the acquired signals of the transducer under test and fthe
reference gccelerometer.

The spectral components of the outputs of the transducer under test and of the acceleration components] a
and ay, evaluated at the excitation frequency w, = 2rf arethe complex quantities:

Ay (] 02)=FFT[aX(t)]w2 (8)
Ay (i92) =FFT[ay (1)],, ()
Uout (joz) =FFT [ (1)] (10)

The outpui of the transducer.under test that is in phase with the outputs of the X- and Y- axis referepce
accelerometer is, respectively:

o
Uy =Re[U0utﬁJ ()

A
Uy =Re| Ugyi 17 (12)
|y |
where Re( ) represents the real part of the expression, and |Al~| and A; are the magnitude and complex
conjugate of 4;, respectively.
The transverse sensitivities in the X- and the Y-directions are, respectively:

Sy =2x (13)

|4x]

10 © 1SO 2009 — All rights reserved
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T

(14)

The maximum transverse sensitivity, St 54 and the angle of maximum transverse sensitivity, Sy o, are
calculated from Equations (15) and (16), respectively:

2 2
ST, max =\/SX,max +SY, max

The angle of minimum transverse sensitivity, fr i, is calculated from:

7

7.1

This transverse test system contains three independent vibration exciters for the X-, Y- and Z-directi
cross-coupling unit, appropriate to generate a specified yibration acceleration in the Z-direction in

the

A fri-axial motion generator described in References [10] and [11] (see Figure 6) consists of t

ele
fre

pa

In
me)
exa

ThJ: transverse test system shall be\equipped with sub-systems for the measurement of th
a

:BT, min ~ :BT, max T

N a

Apparatus

vibration the X-Y plane, to simulate typical application-conditions of the test transducer.

Ctro-dynamic vibration exciters which are coupled by a hydrostatic bearing. It can control th
quency and amplitude on three axes (X, ¥and Z) independently.

meters in the X-, Y- and Z-directions and of the output signal of the test transducer.

the example of the tri-axjal calibration system (References [10] and [11]), three versions
asurement systems of the Simultaneously generated X, Y, and Z vibration parameters are
mples:

in Figure 6, the fri=axial vibration exciter is equipped with a tri-axial accelerometer;

in Figure 7,the tri-axial vibration exciter is equipped with three laser interferometers;

in Figure 8, the tri-axial vibration exciter is equipped with a 3D-laser vibrometer.

(15)

(16)

(17)

Determination of the transverse sensitivity using a tri-axial vibration genejrator

ons, with a
addition to

hree linear
e vibration

B vibration

of motion
shown as

Fo

the measurement of the input and output signals of the transducer to be tested, see Clause 8.

The frequency range of the transverse test system is generally 1 Hz to 500 Hz. Acceleration amplitudes from

10

m/s2 to 200 m/s2 can be generated.

© 1SO 2009 - All rights reserved
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N

S

Key
X-excitgr
adaptenwith tri-axial accelerometer
transduger to be tested

vibration exciter table

Y-excitgr

cross-cpupling unit
base with vibration isolation system

0 N O o WON -~

Z-excitgr

Figurge 6 — Example of a tri-axial vibration exciter used for the measurement of the transverse

sensitivity equipped with tri-axial accelerometer
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Figure 7 — Tri-axial vibration exciter equipped with three laser interferometers
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Figure 8 — Tri-axial vibration exciter equipped with a 3D-laser vibrometer

7.2 Method and expression of results

The method is briefly explained in the following for the example shown in Figure 6, i.e. using a tri-axial
accelerometer. A detailed description of the method is given in Reference [12], with the exception that the tri-
axial accelerometer shown in Figure 6 is replaced by four accelerometers in the case of the reference, to
observe the motion distribution or any kind of cross-coupling motion caused by the hydraulic bearing.

The test accelerometer is fixed at the centre of the vibrating table made from cast aluminium, having a
diameter of 420 mm. The sensing axes of the test accelerometer and the tri-axial accelerometer are aligned to
the Z-axis of the motion exciter (perpendicular direction). The two remaining axes (X and Y) of the test
accelerometer are aligned to the coordinates. The horizontal motion (X and Y) is controlled and observed by
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the tri-axial accelerometer. This ensures measurement unaffected by any control feedback from the 3-axis
vibration excitation system.

The output of each accelerometer is recorded simultaneously in the memory through an analogue-to-digital
converter (ADC). The vibration frequencies are independently selected in the Z-direction and in the XY plane.
The vibration direction in the X-Y plane for the evaluation is changed every 30°.

The acceleration amplitude in the X~Y plane, ayy, is expressed as

ayy =+ay? +ay? (18)

where ay and ay are acceleration components along the X- and Y-axes, respectively.

The transverse sensitivity of the transducer under test in the direction of tan—(ay /a,) is evaluateq based on
the{ value ayy The acceleration components ay and ay correspond to the monitor accelerometers along the X-
and Y-axis.

For further information concerning the expression of the results, see 4.2.2.

8 | Equipment for measuring of the input and output sighals of the transducer to be
tested

To|measure the transverse sensitivity, the apparatus specified, imnClauses 4 and 5 for generating appropriate
trapsverse vibration is to be equipped with a suitable measurement system to meet the pncertainty
requirements for the test of the transverse sensitivity of thectransducer.

Examples of equipment for measuring the acceleration@mplitude or velocity amplitude of the vibration exciter
table are:

a) | a piezoelectric accelerometer, a charge amplifier and an r.m.s. voltmeter for simultaneously |measuring
the acceleration amplitudes in the X-, Y-and Z-directions;

b) | an interferometric laser viborometerfor simultaneously measuring the velocity amplitudes in thg X-, Y- and
Z-directions;

c) | an interferometric 3D-laser¥ibrometer for simultaneously measuring the velocity amplitudes in the X-, Y-
and Z-directions.

In the case of the tri-axial.vibration exciter, a three-channel measuring device is to be used (see Higures 6, 7
and 8) (References [10]-and [11]).

Anlexample of equipment for the measurement of the output of the test transducer is a signal amplifier and an
r.m.s. voltmetet:

9 | Preferred amplitudes and frequencies

The amplitudes of acceleration or velocity shall be chosen so that the signal-to-noise ratio of the transducer
output signal is sufficient for an accurate measurement of the amplitude of the transducer output signal.

The frequencies shall be chosen from the standardized one-third-octave frequency series (ISO 266) between
1 Hz and 5 kHz (or the series of radian frequencies evolving from w= 1 000 rad/s).
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