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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
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To select a suitable vibration generating system is an urgent problem if it is necessary for a certain test to
purchase new test equipment or to update the equipment already available, or to choose between equipment
proposed by a test laboratory or even a laboratory itself which offers its service to carry out such a test. A
problem like this can be resolved quite easily if a number of factors are considered simultaneously, as follows:
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the Type of the 1est 1o be carried out (environmental tesiing, normal and/or accelerated, dynam]
testing, diagnosis, calibration, etc.);

the requirements to be followed;

the test conditions (one mode of vibration or combined vibration, single vibration test or combi
example, dynamic plus climatic);

the objects to be tested.

part of 1ISO 10813 deals only with equipment to be used during environmental testing,
ction procedures that are predominantly to meet the requirements of this test. However, the
b in mind that a specific test condition and a specific objeet,'to' be tested can significantly ir
ction. Thus, to excite a specimen inside a climatic chamber imposes limitations on the vibratig
face, and a specimen of a large size and/or of a complex shape, having numerous reson
ctions, demands larger equipment than that specified for the procedures of this part of
Iiming that excitation is to be applied to the rigidsbody of the same mass. Unfortunately, si
hot easily be formalized and, thus, are not covered. by this part of ISO 10813.

e equipment is expected to be used for tests of different types, all possible applications

brator is acquired to be applied during/b6th environmental and dynamic structural testing. It is
part of ISO 10813 that the systenr selected will be able to drive the object under test up to
I. In order to generate an excitation” without undesired motion, a suitable control system shou
selection of a control system.will be considered in a further International Standard.

ould be emphasized that_vibration generating systems are complex machines, so the corre
ys demands a certdin) degree of engineering judgement. As a consequence, the purch
cting the vibration.i€st equipment, can resort to the help of a third party. In such a case,
10813 can help-the purchaser to ascertain if the solution proposed by the third party is accep
igners and manufacturers can also use this part of ISO 10813 to assess the market environme
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INTERNATIONAL STANDARD ISO 10813-1:2004(E)

Vibration generating machines — Guidance for selection —

Part 1:
Equipment for environmental testing

1 |Scope

Thig part of ISO 10813 gives guidance for the selection of vibration generating equipment used for vibration
env|ronmental testing, depending on the test requirements.

Thig guidance covers such aspects of selection as

— |the equipment type,

— |the model, and

— |some main components, excluding the control system.
NOTE Some examples are given in Annex A.

2 |Normative references

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

ISO[2041, Vibration and shock — Vacabulary

ISO| 5344, Electrodynamic vibration generating systems — Performance characteristics

ISO| 8626, Servo-hydrauli¢ test equipment for generating vibration — Methods of describing charagteristics

ISO[ 15261, Vibration‘and shock generating systems — Vocabulary

3 [Terms and definitions

For|the ,purposes of this document, the terms and definitions given in ISO 2041, ISO 5344, 1SO 8626 and
ISO[ 15261 apply.

4 Requirements for vibration tests

4.1 Vibration test purposes

The purpose of vibration tests is to estimate the capability of an object to maintain its operational
characteristics and to stay intact under vibration loading of defined severity. The tests are subdivided, in
accordance with their tasks, into functional, strength and endurance tests.

Strength tests are carried out to estimate the capability of an object to withstand vibration of defined severity

and to stay in working order when the excitation is removed. In these tests, vibration might cause mechanical
damage (fatigue) and may be used to predict the lifetime of the object under vibration.

© 1SO 2004 — All rights reserved 1
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Endurance tests are carried out to estimate the capability of an object to function and maintain the operational
parameters within the acceptable limits under vibration. Usually during those tests the object is working for a
defined period in its normal condition and is being exposed to vibration not causing mechanical damage to it.
Faults and malfunctions in the operation of the object should be registered.

4.2 Test methods
4.2.1 General

Laboratory test methods may use both sinusoidal and multifrequency excitation in various forms, such as

sinusoidal at a fixed frequency, swept sinusoidal, random (narrow-band or wide-band). as well as in a mixed
mode. The pxcitation may be multidirectional and/or multipoint.

Test specifications usually deal with the following waveforms:

— sinusoidal at a fixed frequency;

— swept $inusoidal;

— wide-band random;

— time higtory;

— sine-bgat.

The above waveforms are briefly described in 4.2.2 to 4.2.5 primarily in aspects as standardized by the [IEC

(see [1] to [#]), however the user should be aware that other variants of a waveform may be used for specific

applicationg.
Requirements for the test excitation (and, hence, for the.test equipment) for test methods standardized by the
IEC are given for information in Annex B.

4.2.2 Sinlisoidal vibration

g

\

4221 inusoidal vibration at fixed frequencies

This excita
sequentially
manually. A
set include

ion consists of a set of(disCrete-frequency sinusoidal processes of defined amplitude, apy
to the test object within.the frequency range of interest. Frequency and amplitude are adju
control system maintains the displacement or acceleration amplitude. The test conditions {q
the frequency range (bands) and individual fixed frequencies, test duration and displacen

lied
s5ted
b be
ent,

velocity or gcceleration amplitude.

4.2.2.2 wept sinusoidal vibration

ow
wer
the
range of 10 Hz to 500 Hz. A control system maintains the displacement or acceleration amplitude. During the
frequency sweep, the mechanical resonances and undesirable mechanical and functional behaviour of the
test object can be observed and identified. The test conditions to be set include the frequency range of
interest, displacement and acceleration amplitudes, cross-over frequency, sweep rate and test duration.

on,is \@sinusoidal signal of a constant amplitude, commonly defined in displacement terms at
d in acceleration terms at high frequencies. The frequency is continuously swept from the Iq

4.2.3 Wide-band random vibration

The wide-band random excitation, specified by the shape of spectral density of acceleration to be close to real
operational conditions in the frequency range of interest, is generated at the control point of the table or the
object. The test conditions to be set include the acceleration spectral density levels for the frequency bands in
which tests are carried out.
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4.2.4 Time-history method

This test consists of subjecting the specimen to a time-history specified by a response spectrum with
characteristics simulating the effects of short-duration random-type forces. A time-history may be obtained
from a natural event (natural time-history), or from a random sample, or as a synthesized signal (artificial time-
history). The use of a time-history allows a single test wave to envelop a broad-band response spectrum,
simultaneously exciting all modes of the specimen on account of the combined effects of the coupled modes.

This test is applied to specimens which in service can be subjected to short-duration random-type dynamic
forces induced, for example, by earthquakes, explosions or transportation.

Thel test conditions to be set include the frequency range of interest, required response spectrum, humber and
duration of time-histories, number of high peaks of the response.

4.2.6 Sine-beat method

In this test the specimen is excited at fixed frequencies (to be experienced in the practical applicafion or to be
chapged with a step of not greater than one-half octave) with a preset number ‘ofysine beats (see Figure 1).
These fixed frequencies may be critical frequencies identified by means of vibration response investigation.

Thel test conditions to be set include the frequency range, test level, number-of cycles in the sine beat, number
of sjne beats. A control system maintains the displacement amplitude below the cross-over frequency and the
acceleration amplitude above the cross-over frequency.

Key|

x

fime
Y |ibration aplitude
carrier wave (testfrequency)

2 envelope €unve (modulating frequency)

Figure 1 — Typical sequence of sine beats

5 Types and characteristics of vibration generators

5.1 Main types of vibration generators

5.1.1 General

A vibration generator is the final control element of a vibration generating system, providing generation of the
desired vibration and transmission of it to the object being tested. The type and performance of a vibration
generator determine the main system characteristics, such as force generation capabilities, permissible loads,

displacement/velocity/acceleration amplitudes, frequency ranges and accuracy characteristics (tolerances,
distortions, transverse motions, etc.). Depending on their design, vibration generators are subdivided into

© 1SO 2004 — All rights reserved 3
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electrodynamic, servohydraulic, mechanical, electromagnetic, piezoelectric, magnetostrictive, etc. The most

common types of vibration generators being used for environmental

servohydraulic and mechanical.

5.1.2 Electrodynamic vibration generators

testing are electrodynamic,

This type of vibration generator produces a vibration force by interaction of a static magnetic field and an
alternating magnetic field. The alternating magnetic field is produced by an alternating current in the moving
coil, which is an actuator.

A vibration generating system including an electrodynamic vibration generator is called an electrodynamic

system. It g
field power

5.1.3 Sen
This type of
a predetern
object by a
A vibration

It consists

and auxilian
5.1.4 Meg
This type of

Mechanical

In kinemati
or a cam.

In reaction-
movement)

A vibration

5.2 Majagr parameters

ISO 5344 and ISO 8626 deal-with characteristics of electrodynamic and servohydraulic vibration generd

respectively
rated fg

permis

onsists of a power amplifier, input signal source and control system, measuring instrumenta
supply and auxiliaries. The system may also include an auxiliary table.

yohydraulic vibration generators
vibration generator produces a vibration force by application of a liquid pressure being changq

nined manner. In servohydraulic vibration generators, force and motion are)transmitted to
hydraulic actuator (piston pushed by fluid) controlled by servovalves.

bf a hydraulic power supply system, signal source, close-loop control system, and measuren
y equipment.

hanical vibration generators

vibration generators are classified into kinematictand reaction-type vibrators.

vibrators, the test object is moved by some control unit directly, for example by a crank, a ro

ype vibrators, the centrifugal force is~generated by rotational movement (sometimes by recipr|
of unbalanced masses.

jenerating system including.a mechanical vibration generator is called a mechanical system.

. They coverdhe“following main characteristics:
rce;

Sible ‘static load;

vibration generator produces a vibration force by transformation of mechanical rotation energy,

ion,

d in
the

jenerating system including a servohydraulic vibration generator is called a servohydraulic system.

hent

Cker

bcal

tors

non-un

resona

frequency range;
limits for displacement, velocity and acceleration;
distortion;

transverse motion ratio;

iformity of table motion;

nce frequencies.
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5.3 Features

5.3.1 Electrodynamic vibration generators

Typical parameters for electrodynamic vibration generators are given in the Table 1. Manufacturers offer
various series or steps of force ratings for the vibration generating system. When a system is being purchased

from a manufacturer, or being selected for usage from several systems of purchaser's own, it is recommended
to use actual specification sheets.

Table 1 — Typical parameters for electrodynamic vibration generators

Rated Output of the Frequency Maximum Maximum Maximum Maximum Mass of
florce power amplifier range displacement | velocity | acceleration load moving
without load system
N VA Hz mm m/s m/s2 kg kg
31,5 6,3 5to 13 000 2,5 0,4 200 1,0 0,16
63 19 5 to 10 000 2,5 0,4 300 1,5 0,2
125 62,5 5 to 8 000 5,0 0,8 500 2,0 0,25
250 165 5to 8 000 8,0 1,3 650 4,0 0,38
500 400 5to 7 000 8,0 1,3 800 10,0 0,62
1000 1 000 5 to 5 000 12,5 2,0 1 000 25,0 1,0
2 000 2 000 5 to 5 000 12,5 20 1 000 75,0 2,0
4 000 4 000 5to 4 000 12,5 2,0 1000 200,0 4,0
8 000 8 000 5to 3 500 12,5 2,0 1000 300,0 8,0
16 000 16 000 5 to 3 000 12,5 2,0 1 000 400,0 16,0
3p 000 32000 5 to 2 500 12,5 2,0 1 000 500,0 32,0
6¢ 000 64 000 5to 2 000 12,5 2,0 1000 1 000,0 64,0
128 000 128 000 5to 1800 12,5 2,0 1000 2 000,0 128,0
2(0 000 200 000 5to 1 600 12,5 2,0 1 000 3125,0 200,0
NOTE Upper limits for different vibration parameters cannot be achieved simultaneously.
Thel main features of electrodynamic vibration generators are the following:
— |any type of excitationis possible: sinusoidal (at fixed frequencies and swept), random (broad-band and
narrow-band), etc:;
— | ease of contrél (manual and automatic);
— |wide_frequency range: 0,5 Hz up to 15 000 Hz (typically 5 to 5 000 Hz); in general, the lower the rated
foree'\the higher the upper limit of the frequency range;

— highdisptacementup to = 25 mMm (typicatly up to = 12,5 mm), and—acceterationup to 1 500 m/s2
(typically up to 1 000 m/s2);

— high force: up to 400 kN (typically up to 200 kN);
— relatively large permissible load: up to 4 000 kg (typically up to 1 000 kg);

— low harmonic distortion: about 5 %, excluding frequency bands where distortion increases because of
resonances between the vibration generator and the load;

— acceptable transverse motion and uniformity of table motion: about 10 %, excluding frequency bands
where an undesired motion arises due to moving system resonances or off-set test loads.

© 1SO 2004 — All rights reserved 5
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One disadvantage of electrodynamic generators is caused by the presence of a magnetic field in the area of
the vibration table. This, however, may be reduced to the order of 0,001 T by means of special compensation
devices.

Also rated force cannot be generated over the whole frequency range. It is limited by the rated travel at low
frequencies, by the rated velocity at middle frequencies and by the resonances of the moving system at high
frequencies. Achievable acceleration depends on the load mass. ISO 5344 states six test loads mq, m4, my,
mqg, Mmpg, Myg, Where the first load is zero and the following are those permitting maximal accelerations of
10 m/s2, 40 m/s?, 100 m/s2, 200 m/s2 and 400 m/s2 respectively.

Figure 2 shows typical curves of acceleration (displacement, velocity) against frequency for various loads.

Y
10 000 i ; T ‘ o
S1 S 1A
=
7% 5743 e
1000 2 7
R Ve
myg
% 9% M4y
[~ X A Zi
B Moot
100 myq
1 ” ,my ! ‘ J/—\;/ 5 /%
p— mf 7
A A /
10 my
7 / “ i
7 ~ 7
1
7 N 71
0,1
1 10 100 1000 10 00
X
Key
X frequendy, Hz
Y acceleration, m/s?
1 displacement limit
2 velocity limit
3 maximuin acCeleration

- 5 — Turical foretectrodvamicvibrati toTS

In the case of random vibration, the rated force is defined in terms of the acceleration spectral power density
@,(f),in(m/s?)?/Hz (see ISO 5344):

@,(f)=0 f <20Hz

@,(f)=(f/100)* @ 20 Hz < f <100 Hz
?,(f)= 100 Hz < f <2000 Hz
@,(f)<®(2000/f)* or 10%a, />2000 Hz
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The corresponding curve of acceleration spectral power density for electrodynamic vibration generator is
shown in Figure 3.

Crest factor should not be less than 3.

Y

|
2000 2 000 X

Key
X frequency, Hz
Y cceleration spectral power density, @,

Figure 3 — Shape of acceleration power spectral density for electrodynamic vibration generator
(from 1ISO 5344)

5.3.2 Servohydraulic vibration generators

Typjcal features for servohydraulic vibration generators are given in Table 2. Manufacturers offer various
serips or steps of force ratings for the’ vibration generating system. When a system is purchgsed from a
manufacturer, or selected from several systems of purchaser's own, it is recommended to|use actual
spectification sheets.

Thel main features of servohydraulic vibration generators are the following:
— | any type of excitation/is possible;
— | ease of contreNnanual and automatic);

— |frequency-range extended down to d.c. and limited at high frequencies to 800 Hz (typically not exceeding
100 Hz);

— | high. displacement, up to 200 mm; acceleration up to 1 000 m/s2; velocity up to 10 m/s (typically up to
2'm/s);

— very high force, up to 10 MN (typically up to 1 MN);
— very large permissible load, up to several tonnes;
— low transverse motion, about 5 % to 10 %;

— absence of a magnetic field in the area of the table;
— low sensitivity to load misalignment;

— increased harmonic distortion at the low-frequency range (below the natural frequency of the actuator), up
to 15 % and more;

— low harmonic distortion at frequencies above the natural frequency, in the order of 5 %.

© 1SO 2004 — All rights reserved 7
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Table 2 — Typical parameters for servohydraulic vibration generators

Rated force Frequency range Maximum Maximum Maximum Mass of moving
displacement velocity acceleration system
N Hz mm m/s m/s2 kg
5000 0,1 to 140 100 2,0 1 000 5
8 000 0,1 to 100 100 2,0 1 000 8
10 000 0,1 to 100 100 2,0 1 000 10
15 000 0,1 to 100 100 2,0 1 000 15
20 000 0.1to 100 100 2.0 1000 20
3000 0,1to 60 100 2,0 1 000 30
50 00 0,1to 60 100 2,0 1 000 50
100 000 0,1to 60 100 1,7 600 167
200 0Q0 0,1to 60 100 0,8 300 667
500 0Q0 0,1to 30 100 0,3 100 5000
1 000 Opo 0,1to 30 100 0,1 30 33333

Curves for pervohydraulic system characteristics are presented in Figure 4. Theyare the same as thosg for

electrodyngmic vibration generators excluding the sharp fall in force (acceleration) at high frequencies.

In the case|of random vibration, the rated values are similar to those for electrodynamic vibration generators.
The rated fprce is defined in terms of the acceleration spectral power(density @, ( /), in (m/s?)?/Hz, or the
displacemept spectral power density @( /), in m?/Hz:

cDa(f =0 @(f):
f4
o, (f TR o(f)-
J2/3
f2 2
q)a(f :}P?(DO @(f):_z
2
2, ()= 0 @<f)=%
2
q)a(f :f_42¢0 @(f):(f4f:éf2)@0
S S
2 2
o, (f —(f4ff) @(f):(f5f4f§f2) %
S S
dja(f =0 @(f):
where

<
&S <f2

fa<f<[3

f3<[f</fa

fa<f</[s

fs<f<fe
f>fe

f1 is the lower limit of the frequency range;

fo s the cross-over frequency between constant displacement and constant velocity ranges;

f3 is the cross-over frequency between constant velocity and constant acceleration ranges;

f4 is the frequency of the first spectral power density limitation;

f5 is the frequency of the second spectral power density limitation;

fe is the upper limit of the frequency range.

1

@0 = @0 —_—
(2nf)"*
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Figure 4 = TFypical curves for servohydraulic vibration generators
Thel curve of the acCeleration spectral power density for servohydraulic vibration generators is shown in
Figure 5.

The crest factor'should not be less than 3.
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D -12 dB/octave
+12 dB/octave

\-24 dB/octave
+24 dB/octave /

fi fo £y fo fs fg X
Key
X frequendy, 1, Hz

Y acceleration spectral power density, @,

Figure b — Shape of acceleration power spectral density for servohydraulic vibration generatorn
(from 1SO 8626)

5.3.3 Meghanical vibration generators

Typical parameters for mechanical vibration generators are given in Table 3.

Table 3 — Typical parameters for mechanical‘vibration generators

Rated|load Frequency range Max. displacement Max. acceleration Mass of moving
system

kg Hz mm m/s?2 kg
5 5to 100 £5 150 0,33
25 5to 100 +5 150 1,66

50 5to0 100 +5 100 5,0
100 510 80 +3 100 10,0
250 5t0 80 +3 50 50,0
500 5t0 80 +3 50 100,0
1 0p0 5to0 80 +2,5 50 200,0

The main fgatures of mechanieal vibration generators are the following:
— possibility of sinusoidal excitation at fixed frequencies only;

— difficulfy of control;

— small fleqaency-range—0-+-Hz-to-300-Hz{typically-6-Hzto-400-Hz)

— low displacement, typically in the order of 5 mm; in the infrasonic range it may be increased up to
100 mm,;

— low acceleration, up to 300 m/s? (typically not exceeding 150 m/s2);
— permissible load up to several tonnes (typically tens or hundreds of kilograms);
— increased harmonic distortion (about 15 % to 25 %, background narrow-band noise at high frequencies);

— increased transverse motion in the order of 25 %;

10 © 1SO 2004 — Al rights reserved
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absence of a magnetic field in the area of the table;

simple design;

low cost;

displacement (velocity, acceleration) does not depend on the mass of the load;

displacement does not depend on the frequency.

erators

ger
Chdracteristic limits for vibration generators of these three types are given in Table 4.
Table 4 — Comparison between electrodynamic, servohydraulic and mechanical vibration generators
Parameter Type of vibration generator
Electrodynamic Servohydraulic Mechanical

Rated force, kN 0,1 to 400 51to 10 000 0,5to0 150
Loqd, kg 1000 5000 500
Displacement, mm + 25, typically + 12,5 + 2003 typically + 50 + 100, typically + 5
g‘j;?'era“"” (withoutload), |4 509 typically 1000 1000, typically 100 300, typically 140

0,5 to 20 000, . 0,1 to 300,
Frepuency, Hz . 0 to 800, typically 1 to 200 .

typically 5 to 5 000 typically 5 to 100

2 to 5; up to 25 ahnd more at | 15 below natural frequency

Harmonic distortion, % ) 20 and more
some frequencies 5 above natural frequency

Trapsverse motion, % 51010, 4pjfo 25 gnd More 1510 10 20 and more
at some frequencies

Uniformity over table, % YN0, up to 25 gnd more 2to5 5t0 10
at-some frequencies

Magnetic induction, T 0,001 and more No No

Serpsitivity to load misalignment | Significant Low Significant

Types of excitaton All All At fixed frequenties

Cost High High Low

Figyre’6 presents ranges of their typical use.

6 Recommendations for the selection of vibration generators

6.1 Selection of type

According to test requirements, the vibration generator should be capable of generating vibration with
specified parameters: displacement d , acceleration a and acceleration spectral power density @, at a fixed

freq

uency f or over a frequency range f| to fy under loading by mass mg, with permissible harmonic

distortion, transverse motion, and uniformity of the table motion and magnetic field in the area of the table.

The type of vibration generator should be selected on the basis of these requirements as well as from features

and

characteristics of vibration generators described in 5.3 and 5.4.
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At high frequencies (above 1 000 Hz), only an electrodynamic vibration generator may be used; at low
frequencies (infrasonic range), a servohydraulic vibration generator is preferable; at middle frequencies (up to
200 Hz), all three types may be used.

For a significant displacement (more than + 25 mm), a servohydraulic generator is usually applied.

Random vibration can be reproduced by both electrodynamic and servohydraulic vibration generators.

For extremely large loads (more than 1 000 kg), servohydraulic vibration generators are predominantly used.

If there is a possibility of using vibration generators of various types one should take into account the

be preferaljle. However, if no severe restrictions are imposed on accuracy characteristics, a*mechanical
vibration gegnerator may be used in order to bring down the testing cost.

A servohydfaulic vibration generator should be used at low frequencies if high displacemient and high fprce
are to be developed.

An electrodynamic vibration generator should be used during testing within a wide)frequency band with|low
displacemept and high acceleration. Its features are low signal distortion under sinusoidal excitation |and
precise control under random excitation.

For random tests, both electrodynamic and servohydraulic vibration<{generators may be used. The rated
characterisfics should be stricter than those that are acceptable for the:test conditions.

6.2 Selegtion of the model

6.2.1 Gerneral

The major fequirement for a vibration generating systém defined by test conditions is its capability to prog

uce

oscillation pf the mass mg at the frequency«y “or within frequency range f| to f with maximum
displacemept d 5 , or with maximum velocity\v ., , or with maximum acceleration a5y, or with|the
specified agceleration spectral density @, (/).

The procedure for the definition of system-performance meeting the specified test conditions is given in §.2.2
to 6.2.7. The defined performance ,determines the specific model of vibration generator which should be
selected.

All calculatjons to be performed’/in accordance with Equations (1) to (10) demand numerical data, which
should be sjupplied by the mandfacturer.

6.2.2 Frequency range

The freque
defined freq

hcy range of a vibration test system should be greater than the frequency range of the test.
ueney range of a system is governed by several factors.

The

In the case of low frequency operation, such as vibrator isolation systems, the low frequency response of the
amplifier and even the low frequency response of the accelerometer should be considered.

The stated upper frequency of operation of a vibration test system is normally based on 1,1 times the resonant
frequency of the moving element. This figure is a generalization since the dynamics of the moving element
and the product under test will be such that extreme vibration in an axis other than that desired will occur. The
term “usable” will be found in system performance specifications, which implies that the end result could be
unpredictable and the suitability of running tests at the upper frequency range can only be determined by the
end user. In general terms, the upper frequency of operation depends on the dynamics of the fixture, auxiliary
table and the device under test.
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Figure 6 — Comparison of electrodynamic, servohydraulic and mechanical vibration generating
systems for typical application
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6.2.3 Maximum acceleration

The maximum acceleration of a vibration test system determines the maximum acceleration level which,
under continuous operation, would not significantly fatigue or overstress the moving element. This maximum
level will ensure that the moving element will have a reasonable working life, which is proportional to the
period of use and the magnitude of operation.

Since the maximum acceleration and force of a system are also proportional to the current provided by the
amplifier, most systems are designed so that the amplifier will provide only enough current to produce the
maximum system force and acceleration. There are situations, however, where the current available from the
amplifier is much greater than that required to drive the system to its maximum force and acceleration. If this
were the cdSe, 1T would be possible 10 drive the system beyond the stated imits, which would be inadvishble
as it would shorten the working life of the vibrator.

6.2.4 Forge

The force A to be developed by a vibration generator is determined from the total mass to be moved
Mm, =me+mg

and the spgqcified acceleration a in the test specification, where m, is the mass ofthe moving element of the

vibration ggnerator (see Tables 1 and 2), and mg is the mass of the specimen;.including the test fixture Jand

auxiliary tafjle:
F:m;a:(me+ms)a (1)

For sinusoidlal test conditions, the force F is expressed as Fj:
Fy =(me+ms)amax (2)

where a5y is the highest acceleration stated in the spegification.

For a randgm test, the force F, is expressed through r.m.s. acceleration a, by the formula:
F, z(r1e+ms)a,. (3)

where
ar =[P, (f)0f]

?, ( f] is the acceleration.spectral density in Af.

1/2

Equation (4)) was obtainéd-assuming that, for the purpose of testing, @, (f) is usually specified as a flat-top
curve of thg rectangularishape over the operational frequency range Af.

6.2.5 Masgs of the'moving element

to be equal to the mass of the moving system taken from the row for the load mass equal to the specimen
mass or from the next one.

Another way to estimate m is based on values of mg, amax and aq by the formula

a
max (5)
a0 ~ dmax
where a( is the maximum acceleration of the vibration generator without the load (mg =0 ) taken from
Tables 1, 2 and 3.

me =Mg
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6.2.6 Rated travel

For an electrodynamic system, the rated travel S| of the moving element, defined as its maximum down
travel with reference to the equilibrium position for the unloaded system, depends on the maximum
displacement amplitude d .y, the total mass m, and the natural frequency f, of the moving system loaded
by the mass mg:

g
SL>dmax+lst:dmaX+ﬁ (6)
4n” f
where

It is the static displacement with reference to the equilibrium position under loading;
g s the standard acceleration due to the earth’s gravity.

Equation (6) may be written in terms of the natural frequency f, of the unloaded moving system ais follows:

1+mg/mg)g
SL>dmax+lst:dmax+l1+12:dmax"'% (7)
41 fo
or
a
SL >dmalx"'—o% (8)
max 4n° fg
whdgre

11 is the static displacement of the moving system underits own mass;
[ is the additional static displacement of the moving system when loaded.

Forja servohydraulic system, the rated travel S| , defined as the rated piston stroke, depends on the peak-to-
peak displacement:

SL >2dmalx:% 9
4x f|_

whgre | is the lower limit of the frequengy range.

All the above is valid only in the tcase of rigid mounting of a vibration generator to a base. Otherwise, for

example when vibrator isolators-are used, the rated travel should be less than that calculated by the value of
the pody displacement dy, :

m
dp = dmax —=
m
whgre my, is the body-mass.
NOTE 1 If theyvibration generators are equipped with a compensating device for the moving system, S| o d pax -

NOTE 2  Ifithe test frequency range passes through the isolation system resonant frequency and the total noving mass
is hgavy, the-vibrator body will vibrate vigorously, making the test extremely difficult to control.

6.2.7_—~Maximum velacity

For an electrodynamic and servohydraulic system, the maximum velocity v, is determined from the
maximum displacement d 5, and the cross-over frequency f; (about 20 Hz) between the range of constant
displacement and the range of constant velocity:

Vmax = 27 ft dmax (10)
Usually, the maximum velocity for electrodynamic and servohydraulic systems is 2 m/s.

NOTE To find the amplitude of displacement d and velocity v, it is advisable to use a nomogram for displacement,
velocity and acceleration as functions of frequency.
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6.3 Selection of components

6.3.1 General

In order to provide the required characteristics of the vibration generating system, the components of the
system other than the vibration generator (such as power amplifier for electrodynamic systems, and hydraulic
power system and servovalves for servohydraulic systems) should be selected properly.

All calculations to be performed in accordance with Equations (11) to (22) demand numerical data or graphs

like Figures
6.3.2 Sel
6.3.2.1

A power a
develop a f
kilowatts.

A power anj

A power anj

— output
range;

— lowdis
— low ba
— continy
— stable

6.3.2.2 (

The appare
P=U
where
U is
1 is
The output

U=E,

7 to 9 which should be supplied by the manufacturer.

eneral

plifier is used to supply an electrodynamic vibration generator with current. Its output, réquire
orce from tens of newtons to hundreds of kilonewtons, varies from tens of watts)to hundred
plifier is loaded by the complex impedance of the moving coil varying with frequency.

plifier should meet the following:

power in accordance with the specified force of the vibration generator at the specified frequg

fortion (less than 1 % to 2 %);

tkground noise (signal-to-noise ratio not less than 50 dB);
ous operation (typically for 8 h);

bperation in the case of failure of the moving.system coil.

Dutput power

ht power of the power amplifier P {in'volt amps, is determined by the formula

1

he voltage at moving ¢oil terminals, in volts;
he current traversing the moving coil, in amps.
voltage is‘determined by the formula

+(R¥j 0 L)I

d to
s of

ncy

(11)

(12)

where

E. is the back-electromotive force, E, =B/ v;

R is the moving coil resistance;

™ o~ 8

~

is the angular frequency;
is the moving coil inductance;
is the magnetic flux density in the operating gap of the moving coil;

is the total length of the moving coil wire;

v is the velocity of the moving coil.

16
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In practice, it is necessary to know the maximum output power of the amplifier to ensure that the required
force is available at the cross-over frequency between the ranges of constant velocity to constant acceleration,
which is usually placed in the frequency range from 30 Hz to 100 Hz.

NOTE At 30 HZ: Viayx = 2MIS, dmax = 400 m/s% at 80 HZ: Vpay = 2M/S, max = 1000 m/s% at 100 Hz:
Vmax = 1,7 m/s, apax = 1000 m/s2.

In this case E; >>(R+j @ L)I. Thus,

UzEczBlv=$ (13)

where F is the exciting force.

Theln the required maximum apparent power is determined as
P=UI=Fv (14)

All the parameters of the Equation (14) are expressed in terms of r.m.s. Usually~the force and velocity
devploped by a vibration generator are expressed in terms of peak values, Fpeak-@nd" vpeak respectively. In
this|case

P=0, 5Fpeakvpeak (15)
6.3.2.3 Coil current

The current in the moving coil is determined by the following formuta;
Fpeak Vpeak (16)
U

Thel output voltage U is limited by the supply voltage for(€lements of the output stage of the power amplifier.
If they are transistors, the limiting voltage is 50 V to 150.V.

1=05

6.3.2.4 Amplifier load

Output power, as well as output current and voltage, depends on the amplifier load (e.g. moving ¢oil), whose
impedance varies with frequency as showtvin Figure 7.

whdre

R is the resistive load ef'the coil;

L. is the inductiverload of the coil;

o is the angdlarfrequency;

Zy is the-additional capacitance load due to coil motion, Z, = 0,5Feak vpeak/lz;

F , isthe force;

is-tha callvalocibw:
TotHe-Com— Vv e1oGty;

I is the current.

At low frequencies in the vicinity of d.c., the coil impedance approaches the resistive load R.. The inductive
component rises with frequency. The impedance comes to a maximum at the frequency fg of the mechanical
resonance of the coil suspension due to the back-electromotive force. This frequency falls within 7 Hz to
60 Hz. At the frequency of so-called electromechanical resonance (200 Hz to 400 Hz), the load becomes
resistive again and equals approximately R.. When the frequency increases further, the coil impedance rises
again by the inductive component.
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Figure 7 — Example of the amplifier load impedance
Load impedarnice is determined by the electric parameters of the coil and by its motion:
Z=Ull=Rg+jwlLs+Zny (17)

6.3.2.5 Recommendations for selection of amplifier

Typical curves for impedance Z , current / and voltage U against frequency are shown in Figure 8.
Maximum output power is reached at the corner frequency f, of change from constant velocity to constant
acceleration.

In order to use a power amplifier in an efficient manner, its parameters should be matched with the vibration

generator impedance by a matching transformer. Modern transistor amplifiers usually need no matching
transformers and may be connected to electrodynamic vibration generators directly.
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The user may select a power amplifier from two main types: linear and switching. The latter exhibits a higher
efficiency (85 % to 90 % against 40 % to 55 % for a linear power amplifier of the same output capability) and
this significantly reduces operational costs, particularly for large amplifiers with power of a few tens of
kilowatts.
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Figure 8 — Typical curves for impedance, current and voltage

6.3.3 Selection of hydraulic power supply

The main parameter of a hydraulic power supply is the mean oil flow Q,, which depends on the maximum
vibration velocity v, and rated force under a given supply pressure. Various models differ slightly in the
form of such a dependence. Information about the relationship between the mentioned values for a specific
model is usually provided by the manufacturer as tables or graphically (charts, nomograms, etc.). An example
of a graphic presentation is shown in Figure 9. Such a nomogram enables determination of the required mean
oil flow O, on the basis of the velocity v and the rated force F .

A rough calculation of Q,, can be fulfilled as follows. Usually, the force (and, therefore, the pressure) is
partially consumed to act against gravity. Thus, the maximum force F and pressure P are subdivided into
dynamic, Fpeak, Ppeak a@nd static, Fgi, Pt components and are related by the formulae
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