1SO 5344-1980 (E)

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION®MEXAYHAPOAHAR OPTAHU3ALUA NO CTAHAAPTU3AUUNGORGANISATION INTERNATIONALE DE NORMALISATION

Elect
Meth

Moyens d’4

First edi

rodynamic test equipment for generating vibration —
ods of describing equipment characteristics

ssais électrodynamiques utilisés pour la génération des vibrations —~Méthodes de description des carpctéristiques

tion — 1980-08-01

UDC 534.1.082.74 : 620.178.5 Ref. No. 1S0O 5344-1980 (E)

Descriptors : test equipment, vibrators (machinery), characteristics, selection, definitions, power amplifiers.

Price based on 32 pages


https://standardsiso.com/api/?name=13d93d9145f2f583bae7b71087e8343a

Foreword

ISO (the Internati

national standarccir

national Standar
hnd\/ interested in

right to be repres¢
and non-governm

Draft Internationa

pnal Organization for Standardization) is a worldwide federation of
institutes (ISO member bodies). The work of developing Inter-
s is carried out through ISO technical committees. Every member

+ +h
a subject for which a technical committee has been set up has the

ented on that committee. International organizations, governmental
ental, in liaison with 1SO, also take part in the work.

Standards adopted by the technical committees are circulated to

the member bodigs for approval before their acceptance as International Standards by

the ISO Council.

International Stan
Mechanical vibra
March 1978.

It has been approy

Australia
Austria
Belgium
Brazil
Bulgaria
Chile

Czechoslovakia

Denmark

No member body

Hard ISO 5344 was developed by Technical Committee ISO/TC’108,
ijon and shock, and was circulated to the member Bodies in

/ed by the member bodies of the following countries :

France Sweden
Germany, F.R. Turkey

Italy United Kingdom
Japan USA

Mexico USSR
Netherlands Yugoslavia
South Africa, Rep. of

Spain

pxpressed disapproval of the document.

©

International Organization for Standardization, 1980 @

Printed in Switzerland


https://standardsiso.com/api/?name=13d93d9145f2f583bae7b71087e8343a

Contents

- o

N o s 0N

Characteristics to be supplied by'the manufacturer ............ |
Electrodynamic vibrationgenerators. . .............cooiii
71
7.2
7.3
7.4
7.5
7.6
Pewer amplifiers
8.1
8.2
8.3
8.4
8.5
Electrodynamic vibration generator and amplifier system
9.1

Testloads, My .. .. evveee
General characteristics. . .. ..o vei it
Movingelement ....... ...t ey
Installation requirements. .. ....... ... iiiin i
Auxiiaryequipment . . ... e
Environmental and operating conditions for vibration genera

Testloads . ...vviii e e
General characteristics. . ... ...ooniiin it
Response characteristics. . .. ....vvveiinvin ey
Installation requirements. .. ...t

Miscellaneous characteristics

Test loads

9.6 Auxiliaryequipment....... ...

9.7 Miscellaneous characteristics

Annexes

A Typical arrangement of an electrodynamic vibration generator

B Methods of measurement or calculation of various components of electro-

dynamic vibration generators


https://standardsiso.com/api/?name=13d93d9145f2f583bae7b71087e8343a

This page intentionally left blank



https://standardsiso.com/api/?name=13d93d9145f2f583bae7b71087e8343a

INTERNATIONAL STANDARD

1SO 5344-1980 (E)

Electrodynamic test equipment for generating vibration —

Methods of describing equipment characteristics

0 Introduction

This International Standard concerns the characteristics to-be
standardized for test equipment used to generate vibration by
electrodynamic means and serves as a guide to the'selection of
such equipment.

In the context of this International Standard; the term "elec-
trodynamiq’’ means that the vibratory, force created by the
generator fesults from the interaction\of a constant magnetic
field and ap alternating current inla-built-in coil.

This Internptional Standard @pplies to the following :

a) ele¢trodynamig-vibration generators (see clauses 3to 7,
and annexes);

b) power‘amplifiers (see clauses 3, 4, 5, 6 and 8, and an-
nexes);

user to calculate the performance of a vibratign generator from
one manufacturer with a power amplifigr from another
manufacturer. Class c) may be all that a prgspective user re-
quires if both the vibration generator and thg power amplifier
are from the same manufacturer.

1 Scope and field of application
The test equipment used for the electrodynamic generation of
vibration possesses many characteristics | which can be

evaluated in many very different ways.

To permit comparison of test equipment from different
sources, this International Standard establishes the following :

a) a list of the characteristics;

b) the standard certain

method of obtaining

c) vibration generator and associated power amplifiers
(see clauses 3 to 9, and annexes).

A test equipment system comprises : vibration generators and
amplifiers combined as in this International Standard, and con-
trol consoles, auxiliary tables (see 1SO 6070) and other test
equipment to be standardized later.

The division into separate classes, a), b) and c) above, has been
made to permit the performance of vibration generators and
their associated amplifiers to be predicted from the
characteristics of separate portions of the test equipment.
Classes a) and b) are provided primarily to permit a prospective

characteristics.

This International Standard provides three levels of description
to be used in describing test equipment, as follows :

a) minimum level of description;
b) medium level of description;
c) high level of description.
This International Standard gives, for each level of description,

a list of the characteristics to be specified by the manufacturer
in his tender and in his literature.
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2 References

ISO/R 468, Surface roughness.

ISO 2041, Vibration and shock — Vocabulary.

ISO 3744, Acoustics — Determination of sound power levels of
" noise sources — Engineering method for free-field conditions

over a reflecting plane.

IEC Publication 268-3, Sound system equipment — Part 3 :

K Dynamic stiffness of the moving element suspension

e  Effective mass of the moving element

m; Massesof testloads (f =0,t=1,t=2,t=3,t=4)
P Maximum apparent sinusoidal power

P,  Apparent random power, broad band

Sound system amplifiers.

3 Symbols
a Acceleratign

ay, rms accelefation in random mode

b Damping goefficient of the moving element suspension
d Total harmonic distortion (see 5.9)
F Maximum pinusoidal force (see 5.2)

F, Maximum fandom force, broad band
F, Rated sinupoidal force (see 5.3)
F,, Rated random force, broad band (see 5.4)

Rated sinupoidal force (see 7.2.3) (subscript ¢ represénts
the variouq loads)

omt

f Frequency

Jmax Maximum frequency for which the value/of a specified
parameter |s never less than a specified or rated value of
this paramegter

Jmin  Minimum frequency for whieh’ the value of a specified
parameter |s never less than a specified or rated value of
this parameter

St First mechanical résonance frequency of the moving ele-
ment (subdcript ¢ represents the various loads) (see 5.7)

o Rated apparent sinusoidal power (see 5.8}
P,, Rated apparent random power

obc Rated apparent peak random pewer

R, Resistive test load

Ug  Complex input voltage

Complex output voltage

V Overalhoutput noise voltage

Vs Rated output signal voltage

Vs’ Rated sinusoidal voltage

Vg Velocity of moving element

Zy, Generator impedance in the random vibrationp mode
Zy, Inductive test load

Vi Acceleration/current response

Af  Frequency bandwidth

@, Acceleration power spectral density

@y  Maximum force power spectral density

®r, Rated force power spectral density

Sst Resonance frequency of the moving element suspension
(subscript ¢ represents the various loads) (f is the par-
ticular case for no load) (see 5.5)

H; (f) Acceleration per unit current in the moving element coil

H, (f) Acceleration per unit voltage across the moving element
coil terminals

1 Current
I, Available effective current under random conditions
I, Complex output current

Rated effective current under sinusoidal conditions

®p Power spectral density for maximum random power
®p, Power spectral density for rated random power
b Force or acceleration crest factor

1) Phase shift (phase angle)

4 Units and quantities

When the manufacturer or the user gives the values for the
parameters required by this International Standard, he should
clearly define the units that have been used, and state whether
the quantities are given as rms, peak or peak-to-peak values.
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5 Definitions

This clause defines only some of the terms used in this Interna-
tional Standard. See ISO 2041 for definitions of a general
nature.

5.1 force : In this International Standard, force is the force
developed by an electrodynamic vibration generator which can
be delivered to a load mounted on the test table or connected
to the force take-off. This force differs from the force
generated by currents flowing in the moving element primaril
due to the|effects of moving element mass, moving element
resonances, suspension stiffness, suspension damping, and
the limits of vibration travel.

5.2 max{mum force under sinusoidal conditions, F : The
upper limit jof the force which the vibration generator is capable
of delivering at a given frequency and for a specified test load.

minimum Value of all the values of F,,, which the vibration
generator i$ capable of delivering; expressed in another way, it
is the minirpum value of the function F for test loads m,.

5.3 rate{ force under sinusoidal conditions, F,: The
a

5.4 rateq random force, broad band, F, : The minimum
value, for gny test load, of the random force, broad band. This

ISO 5344-1980 (E)

force corresponds to a spectral power density of uniform ac-
celeration between lower and upper frequency limits.

5.5 mechanical resonance frequency of the moving ele-
ment suspension, f : This frequency is determined by the
effective mass of the moving element and test load and the
dynamic stiffness of the moving element suspension.

5.6 electrical resonance frequency of the moving ele-
ment : The frequency at which the current in the moving coil is
i i fcal impedance is a

minimum.

5.7 mechanical resonance frequency ofthe moving ele-
ment, f.,. : This frequency is the'first mechanical resonance
frequency of the moving element found above the mechanical
resonance frequency of the meving element guspension.

5.8 rated apparent power under sinusojdal conditions,
P, : The minimum value of curve P (see figyre 1). This curve
results from thé¢product of the current and Voltage which the
amplifier can,deliver within the frequency range.

NOTE,—\Fhe quantity ""rated apparent power”’ bhall be used with
either a‘resistive, or an inductive, or a mixed load] The power factor
must-be stated.

i ' l ~ %
7 N
/

kS
] £
gl 3
2 £
2 Q

Q

Frequency range
o N\ Y
fmin fmax f

1) See ISO 2041, sub-clause 2.043.

Figure 1 — Curve of maximum apparent power versus frequency
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5.9 total harmonic distortion, d : Referred to the output
signal, it is expressed as a percentage by the following equation :

n

2 2 2
_ X2+ xR+ o+ X

d x 100

2 2 2
VX + X2+ + X2

where X; is the value of the fundamental term and X,
X3, ..., X, represent the harmonic components of the nth
order of the signal.

5.10 transverse acceleration ratio: The ratio of the
transverse acceleration to the axial acceleration.

5.11 effective mass of the moving element, m,: The
moving element, its suspension system, connectors and other
devices attached to the moving element constitute a vibration
system which is both discrete and continuous. It exhibits the
vibratory characteristics attributable to an equivalent discrete
system with one degree of freedom, where the parameters of
mass and stiffness are functions of the frequency.

NOTES

1 Some instruments measure the total harmonic distortion d by sup-
pressing the fundampental acceleration, and noise is then present; in
this case the ratio of the total harmonic distortion to the background
noise, expressed as g percentage of the rms value of the total harmonic
distortion, must be @t least 10 dB.

2 The total harmorjic distortion d can also be calculated by summing
the values of the hirmonic distortion of nth order according to the
""square law"’ (see IfEC Publication 268-3).

Distortior]

!

—
Apparent power

Figure 2 — Tot3l harmonic distortionas-a function of
apparent power at a given frequency

Distortion

A

—

It is arbitrarily assumed that the stiffness does fiaf vary and
that any variation in the dynamic characteristics‘is)thgrefore at-
tributable to a variation in mass. In the frequeney band

St
3 ’

3fa < S <

which excludes resonances, th€)maximum value of the mass,
determined by the method*of ‘clause B.1 of annex B, defines
the effective mass mg,of the moving element.

5.12 rated travel : The limits between which tHe moving
element of the generator normally operates and beygnd which
performance’is*no longer guaranteed by the manufagcturer.

6 _Characteristics to be supplied by
the’ manufacturer

Attention is drawn to the fact that the three levels ¢f descrip-
tion as adopted in this International Standard are notjrelated to
the quality or size of the equipment.

A higher level of description may, for example, be required for a
vibration generator of small size and medium quality, whereas
under certain circumstances a medium level of descifiption can
be sufficient for a large size, high quality equipment].

The level of description required will normaily depepd on the
use to which the equipment is to be put by the cusfomer.

This International Standard also gives characteristicg useful in
matching an electrodynamic vibration generator acqtired from
one source or at one time to a power amplifier acqyired from
another source or at another time.

distortion

! -

Jmax  Frequency

JSin Frequency range

Figure 3 — Total harmonic distortion as a function of
frequency at the rated apparent power

The characteristics shown by a cross in tables 1 to 3 shall be
supplied where demanded by the particular level of description.

Those characteristics which are not required for the particular
level of description (those not shown by a cross) can however
be supplied by agreement between manufacturer and user.

NOTE — Attention is drawn to the necessity of specifying such par-
ticular characteristics at the time of enquiry and ordering because their
cost, which can be high, has to be taken into consideration.

Clauses 7, 8 and 9 describe the characteristics listed in tables 1
to 3 without specifying their level of description. Methods of
measurement of some of these characteristics are given in
annex B.
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Table 1 — Vibration generator

Reference to Level of description
Characteristic corresponding
sub-clause minimum medium high
Rated frequency ranges 7.2.1 X X
Frequency range limitation 7.2.2 X X
Rated sinusoidal force, Fy, 7.23 X X X
Rated random force, broad band, F, 7.2.4 X X
Uniformity of the test table motion at the load fixing surface 7.25 X
Transverse|motion of the test table 7.2.6 X
Total accelgration distortion 7.2.7 X
Response dharacteristics 7.2.8
Impedance|in random vibration mode 7.2.9
Response dharacteristics in random vibration mode 7.2.10
Stray magrjetic field 7.2.11 X X
Backgroundl noise 7.2.12 X X
Effective mpss of the moving element, m 7.3.1 X 3 3
Rated tra:/]? 7.3.2 X X X
Static stiffrjess of the moving element suspension 7.38 X X
Dynamic stiffness of the moving element suspension 7.3.4
Mechanical resonance frequency of the moving element suspension 7.35 X X
Mechanical resonance frequencies of the moving element 7.3.6 X X
Damping cpefficient of the moving element suspension 7.3.7
Permissible| static load on the moving element, with the axis vertical and_‘central 7.3.8 X X
test load
Permissible| static load on the moving element, with the axis vertical and offset 7.39
test load
Permissible| static load on the moving element, with the axis horizontal 7.3.10 X
Means of dttaching the loads 7.3.11 X X X
Maximum forque on each threaded insert or fixing element 7.3.12 X X
Maximum permissible axial force per threaded .insert 7.3.13 X X
Flatness of|the test table 7.3.14 X X
Perpendicularity of the threaded inserts with réspect to the plane of the test table 7.3.15 X
Perpendicularity of the motion with fespéct to the test table plane 7.3.16
Coincidencp of axes (exciter free(take-off) 7.3.17
Test table dimensions 7.3.18 X X X
Tolerances|on the couplingyef an auxiliary table 7.3.19
General layput 7.4.1 X X X
Masses composing-the vibration generator and auxiliary services 7.4.2 X X X
l 7.4.3.1 X X X
7.4.3.2 X X
Vibration generator pedestal i 7.43.3 X X
7.4.3.4 X
7.435 X X X
Sound power level of the emitted noise 7.4.4 X X X
Heat dissipation 7.45 X X
Temperature of test table 7.4.6 X X
Built-in pickup 7.5.1 X X
Cooling system 7.5.2 X X X
Field supply system 7.5.3 X X X
Demagnetizing system 75.4 X X
Protective and safety system 7.5.5 X X X
Permissible working site environment 7.6.1 X X X
Combined tests 7.6.2
Technical specifications and operating instructions 7.6.3 X X X
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Table 2 — Power amplifier

Reference to Level of descriptior
Characteristic corresponding
sub-clause minimum medium high

Frequency range for a given rated power 8.2.1 X X X
Rated apparent sinusoidal power, Pg, 8.2.2 X X X
Total rated harmohic distortion 8.2.3 X X
Rated apparent random power, P, 824 3
Input characteristics 8.3.1 X X X
Output characterigtics 8.3.2 X X X
Frequency responge curves 8.3.3 X
Signal-to-noise rafio 8.3.4 X X
Output voltage stgbility 8.3.5 X
Gain stability 8.3.6
Installation requirdments 8.4 X X X

8.5.1 X X X

8.5.2.1 X X
Miscellaneous chdracteristics 8.6.2.2 X X

8.5.2.3 X X

8.5.3
Technical specificgtions and aperating instructions 8.5.4 X X X
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Table 3 — Generator/amplifier system

Reference-to tevet-of-description
Characteristic corresponding r
sub-clause minimum mediurl'\ high

Rated frequency range 9.21 X X X
Frequency|range limitations 9.2.2 X X
Rated sinusoidal force, Fj, 9.23 p X X
Rated random force, broad band, F, 9.24 X X
Uniformity| of table motion at the load fixing surface 9.2.5 X
Transversg motion of the test table 9.2.6 X
Total acceleration distortion 9.27 X X
Stray magpetic field 9.2)8 X
Background noise acceleration 9.2.9 X X
Background noise output voltage of the power amplifier 9.2.10 X X
Input chargicteristics of generator/amplifier system 9.2.11 X X X
Signal-to-rjoise ratio 9.2.12 X X
Output forge stability 9.2.13 X
Erratic moyements of the moving element 9.2.14 X X

Response fharacteristics 9.4
General layout 9.5.1 X X X
Masses composing the principal parts of the generator/amplifier system 9.5.2 X X X
9.5.3.1 X X X
9.5.3.2 X X
Pedestal of the generator/amplifier system 9.5.3.3 X X
9.5.3.4 X
9.5.3.5 X X X
Generated|sound power level 954 X X X
Heat dissiJation 9.5.5 X X
Test table gemperature 9.5.6 X X
Auxiliary efluipment requiréd by the installation 9.5.7 X X X
Built-in col?trol transduCer 9.6.1 X X
Cooling syptem 9.6.2 X X X
Field supply system 9.6.3 X X X
DemagnetFing system 9.6.4 X X
Protective and safety system 9.6.5 X X X
9.7.1 X X X
9.7.21 X X
Miscellaneous 9.7.2.2 X X
9.7.23 X

9.7.3

Combined tests 9.7.4
Technical specifications and operating instructions 9.7.5 X X X
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7 Electrodynamic vibration generators

Diagrams showing the principles of electrodynamic vibration
generators with vibrating tables and force take-off (exciter) are
given in annex A (figures 7, 8 and 9).

7.1 Test loads, m,

Electrodynamic vibration generators shall be tested using the
mechanical test loads defined below.

The test shall be
frequency for wh

The test loads sh

1)

Furthermore, in the case of vibration generators with force
take-offs (exciters), the coupling arrangements and shape of
test load shall be described by the manufacturer.

NOTES

1 Some test loads may require the use of a load compensating
system.

2 By agreement between the manufacturer and the user, eccentric
test loads may be used; in this case, the loads and fixing means shall be
described.

— Fixing sc
locations.

tarried out in a frequency band including the

ch the rated force has been specified.

bl meet the following requirements :

ews shall be used in all available mounting

— The length of fixing screws between the head and the

thread engags

ment part shall be such that the resonance

frequency of the fixing is outside the frequency range of the

test.

— The torqy

e to be applied to fixing screws shall be such

that the test Ipad remains in contact with the test table at

the fixing poin
by the manufg

s but shall not exceed the limiting value given
cturer (see 7.3.11).

— The surfafe texture of the contact area of the test load
shall be as follows :

R, < 1,6

(ground finish|.

— The flatn
0,1 mm per m

— Thetest |
cylinder with 3

m?)

bss tolerance for the contact ,area*shall be
btre.

ad used on test tables shall'consist of a right
diameter equal to thé\largest fixing diameter

increased by sjx times the screw-diameter.

— Theuseo
maintain aded

f a thin test load shall be avoided in order to
uate rigidity,* The recommended ratio of

thickness to d

meter shall be greater than 0,4 and shall be

achieved by cHangingthe nature of the material used for the

manufacture

the test load.

7.1.1 testload mg : The particular case where(the [test load is
zero and where the moving element alone is\driven

7.1.2 test load my: A load perfitting an accegleration of
approximately 40 g, amplitude under sinusoidal cor{ditions.

7.1.3 test load m,: A-load permitting an accgleration of
approximately 10 g, afmplitude under sinusoidal corlditions.

7.1.4 test load 3 : A load permitting an acceleration of
approximatély. 4 g, amplitude under sinusoidal conditions.

NOTE «\This test load m3 shall be used only when requjred, and by
agreement between the manufacturer and the user.

7.1.5 test load m,: A load permitting an acceleration of
approximately 1 g, amplitude under sinusoidal conditions.

NOTE — This test load my is used only for generators with force take-
offs (exciters), and by agreement between the manufactdirer and the
user.

7.1.6 test load mg: A load permitting an acceleration of
approximately 20 g,, under sinusoidal conditions.

NOTE — This test load mg shall be used only when test loafi m4 cannot
be used because an acceleration of 40 g, exceeds the capability of the
vibration generator. At the option of the manufacturer, dgta with this
load mg may be provided wherever this document calls for data with
the test load m4; however, such substitution shall be cplled to the
attention of the user by adding the subscript 5 to the symbols for all
such data and adding to each page of data the note : test load myg
replaces test load m.

See the definition of R, in ISO/R 468.


https://standardsiso.com/api/?name=13d93d9145f2f583bae7b71087e8343a

7.2 General characteristics

7.2.1 Rated frequency ranges
The manufacturer shall state the rated frequency ranges cor-

responding to the rated force for each test load mg, mq and m;,
(see 7.1).

7.2.2 Frequency range limitation

ISO 5344-1980 (E)

NOTE — Newton’s law is then applicable over the whole frequency
range to the system, which is assumed to be rigid (pure mass, see the
definition in ISO 2041) and without taking the stiffness and damping of
the suspension into account.

7.2.4 Rated random force, broad band, F,

The manufacturer shall state the rated force available with test
loads mg, mq and m, (see 7.1).

The manufacturer shall state the frequency ranges correspond-
ing to the displacement, velocity and acceleration of the vibra-
tion generator moving element. He shall also state the factors
affecting the operation of the test equipment within these
ranges.

NOTE — Tle use of the test equipment may be limited towards the
lower frequencies by the following :

a) the harmonic distortion of the test table acceleration;

b) the gignal-to-noise ratio;

c) the ¢onditions of installation of the vibration generator or the
conditior}s of suspension of the vibration generator with force take-
off (excifer).

The use of |the test equipment may be limited towards the upper
frequencies py the following :

a) the fnechanical resonance frequency of the moving element;

b) the following factors :
1) fpr a vibration generator with a test table :

1 the uniformity of the acceleration over the. sGrface of
the test table;

1 the transverse motions of the test table;

+ the harmonic distortion of the test\table acceleration;
2) fpr a vibration generator with a force take-off (exciter) :
1 the apparent compliance.of the force take-off;

4 the transverse motions of the force take-off;

4+ the harmonic distortion of the force take-off accelera-
tlon.

7.2.3 Rated force under sinusoidal conditions, F,

The manufacturer shall state the rated force available with test

The manufacturer shall state the load(rang
under which the rated force for the vibration
tinuous operation can be obtained for the speqg

e (pure masses)
generator in con-
ified acceleration

power spectral density.

For generators operating~at frequencies Tetween 20 and
2 000 Hz, the shape ofthe-acceleration powef spectral density,
@, (f) expressed in g2/Hz or m2/s3, shall be

P,(f) =0 for f < 20 Hz
< f VY for20Hz < f < 100 Hz
g U= < 100/ ®0 (20 dB/decade)
_ for 100 Hz < f <|2 000 Hz
Pq /) = %o (constant)
D,(f) =0 for f > 2000 Hz
NOTE — @, (f) is a function of the frequency defjned as the limiting
2
a
value of A—bf when Af tends towards 0, and where ay, is the rms

value of the random acceleration and Af a frequgncy band centred
about frequency f.

The rated random force, broad band, F,, is ¢alculated for the
specified test load m, by :

Fy, = (mg + m) a,

If continuous operation is not possible under dertain conditions
such as certain ranges of load or certain freqliency bands (for
example those of the natural resonances of the suspension
springs), these limitations shall be clearly stated.

It shall also be clearly indicated that the rated force applies to

loads mg, mq and m, (see 7.1) for the given frequency ranges
(see 7.2.1).

If continuous operation is not possible under certain conditions
such as certain ranges of loads or frequency bands (for exam-

ple those of the suspension spring resonances), these limita- .

tions shall be clearly stated.
It shall be clearly specified that the rated force applies only to
the vibration generator alone and not to the combination of the

vibration generator and the power ampilifier.

The rated sinusoidal force, F,,, is calculated for the specified
test load m, by :

Fom = (me + my) a

the vibration generator alone and not to the combination of the
vibration generator and the power amplifier.

NOTES

1 The available force delivered by the vibration generator is a function
both of the shape of the acceleration power spectral density and of the
load dynamic response (which does not correspond to the case of a
pure mass). Since most real loads are totally coupled to the vibration
generator only in the lower part of the frequency range, the available
rms acceleration may be greater than the acceleration as calculated for
pure mass loads. Under such conditions, if the actual shape of the ac-
celeration spectral density is different from the specified spectrum
shape, the rms current limit or random rms acceleration limit may
reduce the available acceleration to a lower level than the calculated
level.

2 The crest factor of the force shall be at least 3.
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7.25 Uniformity of the test table motion at the load
fixing surface

The manufacturer shall indicate the uniformity of the accelera-
tion field of the unloaded test table as a function of frequency
in a set of curves representing the acceleration of the worst fix-
ing point on each bolt circle relative to a given reference point,
preferably the centre of the table. In the case of a slotted test
table, at least two measuring points shall be selected on the
radius.

NOTES

1 The point selected for measurement shall be the centre of the test
table or the centre of the top part of the load unless another point is
specified by the manufacturer.

2 The data from which H; (f) and H, (f) are calculated are taken
from slow sweeps over the rated frequency range at the maximum
limits of the vibration generator, displacement, velocity, or force,
measuring acceleration, current, and voltage.

7.2.9 Impedance in the random vibration mode

— the best possibietas TloSE TO the TEMre as POSSIDES;

— the worst| possible.

The manufacturer shall indicate the impedance of\the generator
in the random vibration mode for test loads)myg, [ and m;
(see 7.1) and for a particular shape of acceleration ppwer spec-

Example : 20 to 1

1900 to 2 000 HZ :

7.2.6 Transvers

The manufacture
table as a functiq
ratio of the transvj
fixing point. The {

500 Hz : + xdB, 1500to 1900 Hz: + ydB,
+ z dB.

e motion of the test table

shall show the transverse motion of the test
n of frequency by two curves showing the
Erse motions to the axial motion at the central
wo orthogonal directions shall be parallel and

perpendicular reIectively to the trunnion axis. If the central

point is not acce
be stated.

Measurements shj
test load m,, at {
turer shall specify]

Supplementary m
as measurements
away from the ce
between the man

7.2.7 Total acc

The manufacture
the unloaded gen
force take-off.

The acceleration @
tion of the freque
rated force. The

frequency ranges

ible, the position of the reference point shall

il be made with the table unloaded and with
he rated force if possible, and the manufac-
the method used.

easurements of the transverse motion such
with other test loads m,, or measurements
ntral point, may be carried out by agreement
Lfacturer and the purchaser.

bleration distortion

shall indicate the acceleration distortion of
erator test table orCof“the unloaded exciter

istortion shall\be shown by a curve as a func-
hcy at constant force equal if possible to the
imits of-this curve are defined by the rated
(se€'7.2.1 and 7.2.2).

tral density. For generators operating at| fréequencig
20 and 2 000 Hz, the shape of the acceleration pow
density shall be as specified in 7.2.4.

NOTES

1 The impedance Z;, in therandom mode can be used to
random acceleration of & vibration generator fitted with 3
for which the randond output voltage and current chara
specified.

2 The calculation'of Zy carried out by the manufacturer
acceleration per-unit current in the moving element coil H)
acceleratiof’per unit voltage across the moving element ¢
H, (f)inaccordance with the following equations :

s between
er spectral

alculate the
ny amplifier
teristics are

involves the
(f) and the
pil terminals

KV
Zh =
b Ki
with
f2 1/2
K, = $f1 &, (f) IH, (N]2df
f2 1/2
Ki = Sf] ¢a(f)[Hi (f)]'zdf
3 Z, is not a function of the overall spectral level but|only of the
desired spectral shape and of the ratio of the two responsge functions

K, and K;.

7.2.10 Response characteristics in the random
mode

The manufacturer shall indicate the accelerati

vibration

bn/current

nd for the

Supplementary measurements of the total acceleration distor-
tion, such as measurement with test loads m,, may be made by
agreement between the manufacturer and the user.

7.2.8 Response characteristics

The manufacturer shall state the acceleration response per unit
current in the moving element coil H; (f) and the acceleration
response per unit voltage across the moving coil terminals
H,, (f) as a function of the frequency.

They shall be presented as curves in the rated frequency range
within the limits indicated in 7.2.2, taking rated conditions and

test loads (mg, my and mj) into account.

See the curves represented on figures 4 and 5.

10

TESPONSE, 7;, for testtoads iy, 7, and 1, (See 7-1)
same shape of acceleration power spectral density as in 7.2.9.

The calculation of y; requires the computation of the rms
acceleration a,, for the specified shape of the acceleration
power spectral density.

1/2
“fz
a=| Jj 2aln or
The acceleration/current response y; is given by :

ay

"R

where K; is as defined by the equation given in 7.2.9.
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7.2.11 Stray magnetic field

The manufacturer shall state the stray magnetic field with the
test table or the force take-off in the unloaded condition and
under thermally stable conditions. Along the axis, it shall be
specified as a function of the distance from the centre. Over the
surface, it shall be specified in a plane parallel to the surface at a
distance from the surface of one quarter of the largest bolt
circle diameter at points in the plane directly above each of the
threaded inserts. The value given shall be the maximum value
of the magnetic field in the area of the point under considera-

1SO 5344-1980 (E)

method of measuring the deflection curve described in clause
B.6 of annex B.

The travel between the electrical safety devices and between
the mechanical stops shall also be stated.

7.3.3 Static stiffness of the moving element suspension

The manufacturer shall indicate the static stiffness of the mov-
ing element suspension as an average value.

tion.

If the use ¢f a demagnetizing device is optional, measurements
shall be cgrried out with and without this device.

In the cas¢ of slotted vibrating tables, measurements shall be
made at the centre and at two points on each radius, one of
which must be at the edge of the table.

7.2.12 Background noise

The manufacturer shall state the level of the rms background
noise of the acceleration of the unloaded test table (or of the
force take{off).

7.3 Moyving element

The movirlg element of an electrodynamic vibration generator
consists of the following :

— a fest table (@ in figure 7) or a force take-off
(@ in|figure 8);

— armoving element structure ( @ in figures 7 and 8);

— a Ioving coil (@ in figures 77and’8);

— a duspension connecting thé.moving element structure
to the| fixed part of the .vibration generator (@ in
figure 1);
— vafious auxiliary, devices such as flexible supports, elec-
trical cpnnectiopsiand cooling connections.

7.3.1 Effpcétive mass of the moving element, m,

Additionally, a curve of deflection as a function of the load at
ambient temperature shall be supplied)af the customer’s
request. The ambient temperature athwhich the measurements
are made shall be given. (See methed .of meagurement in clause
B.6 of annex B.)

NOTES

1 The curve of static sstiffness as a function of| deflection may be
deduced from the curve of deflection as a functiop of load.

2 If the vibration generator is fitted with a load compensating device,
the operation<and ‘characteristics of the latter shall be described. The
limitations ifposed on the vibration generator chdracteristics shall be
stated (see.7.3.8).

3 Many moving element suspension systems
elements which exhibit both creep and hysteresis e
time, temperature, frequency and velocity. If thes
tant to a given application, the user shall request
the manufacturer.

7.3.4 Dynamic stiffness of the moving ¢
suspension

The manufacturer shall state the dynamic stif|
ing element suspension.

This stiffness is calculated from quantities f
method of calculation in clause B.2 of annex

7.3.5 Mechanical resonance frequency
element suspension

The manufacturer shall state the mech
frequency of the moving element suspensio
between 1 and 100 Hz) (see figure 4 and the
mination in B.4.1 of annex B).

ontain elastomeric
ffects that vary with
p effects are impor-
hdequate data from

lement

fness of the mov-

and m, (see the
B).

bf the moving

bnical resonance
n. (It usually lies
method of deter-

The manufacturer shall indicate the effective mass, m,, for the
moving element as mounted in the electrodynamic vibration
generator. It shall be determined within the frequency band

Sy
between 3 f;, and %’ (see also 5.11). The maximum mass

thus derived from méasurements at the level of the test table or
force take-off includes the influence of the suspension of the
connectors and other auxiliary devices attached to the moving
element. (See method of measurement in clause B.1 of
annex B.)

7.3.2 Rated travel

The manufacturer shall indicate the rated travel of the moving
element (see 5.12). This can be checked by applying the

7.3.6 Mechanical resonance frequencies of the moving

element

The manufacturer shall state the mechanical resonance fre-
quencies of the moving element {see figure 4 and the method

of determination in B.4.2 of annex B).

7.3.7 Damping coefficient of the moving element

suspension

The manufacturer shall state the dynamic damping of the mov-
ing element suspension.

This damping shall be measured at the mechanical resonance
frequency of the moving element suspension and deduced

13
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from either of the

(E)

two methods of measurement described in

clause B.3 of annex B as selected by the manufacturer. Atten-
tion is drawn to the fact that the deduced damping includes dry

and viscous frictio

n.

7.3.8 Permissible static load on the moving element,
with the axis vertical and with a central test load

The manufacturer
the axis vertical an
vertical axis of the

shall state the permissible static load, with
d the centre of gravity of the test load on the
moving system. He shall state the period for

for the flatness of the test table under ambient conditions and
with thermally stable conditions according to 7.4.5.

If the table is fitted with recessed inserts, the flatness of the
whole surface of the table shall be indicated.

If the table is provided with replaceable raised inserts, the
manufacturer shall state both the flatness of the mounting sur-
faces for these inserts and the tolerance on the thickness of the
mounting flanges of the inserts.

which it may be applied.

7.3.9 Permissible static load on the moving element,

with the axis ve

The manufacturer
moving element,
load.

He shall state thd
centre of the table
applied.

tical and with an offset test load
shall state the permissible static load on the

vith the axis vertical and with an offset test

maximum offset of the test load from the
together with the period for which it may be

7.3.10 Permissiple static load on the moving element,
with the axis hofizontal

The manufacturer
the moving eleme
permissible load ¢
the centre of gray

7.3.11 Means o

The manufacturer
loads and the limit

In the case of test
fitted with replacsg
recessed or raised

A diagram shall bg

the dimensions an
material from whi

7.3.12 Maximur

shall state the maximum permissible load on
ht with the axis horizontal. The curve for the
hn be plotted as a function of the distance of
ty of the load to the plane of the test table.

f attaching the loads

shall indicate the means of attaching the
5 of torque to be applied to the fixing screws.

tables, he shall state whether or not they are

able threaded insertssand whether they are

provided giving'the dimensions of the table,
d positional™tolerances of the inserts and the
h they are,made.

h'‘torque on each threaded insert or

7.3.15 Perpendicularity of the threaded inserty with
respect to the plane of the test table

The manufacturer shall state the tolerance’ of perpendicularity
of the threaded inserts with respect_to)the plane ¢f the test
table.

7.3.16 Perpendicularity of'‘the motion with respect
to the test table plane

The manufacturer shallstate the tolerance of perpenpdicularity

of the vibratory miotien with respect to the plane ¢f the test
table.

7.3.17 _Ceaincidence of axes (Exciter force takejoff)
The.fpanufacturer shall state the tolerances on pardllelism for

thed/ibratory motion with respect to the axis of the exciter force
take-off.

7.3.18 Test table dimensions
The manufacturer shall state the dimensions of the[test table
and supply a dimensioned drawing of the fasteningq and their

tolerances.

He shall further state the requirements for attaching apd mount-
ing to the test table.

7.3.19 Tolerances on the coupling of an auxiligry table

The manufacturer shall state the tolerances on thg coupling
between the auxiliary table and the vibration generator.

7.4 Installation requirements

fixing element

The manufacturer

shall state the value of the maximum per-

missible torque to be applied to each threaded insert or to each

fixing element.

7.3.13 Maximum permissible axial force per threaded

insert

The manufacturer

shall state the value of the maximum per-

missible axial force per threaded insert.

7.3.14 Flatness of the test table

The manufacturer

14

shall indicate the overall and local tolerances

7.4.1 General layout

The manufacturer shall supply dimensioned drawings with
tolerances for the vibration generator and any auxiliary devices

(cooling, fluid and electricity supply systems, cables, etc.). If
special tools are required, this shall be stated.

7.4.2 Masses composing the vibration generator
and auxiliary services

The manufacturer shall state :
— the total mass of the vibration generator;

— the mass of the pedestal, if any;
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— the heaviest mass to be handled during dismantling of
the vibration generator;

— the mass of auxiliary devices (cooling systems, etc.).

7.4.3 Vibration generator pedestal

The manufacturer shall give the following data on :

1SO 5344-1980 (E)

7.4.5 Heat dissipation
The manufacturer shall state the heat dissipation of the vibra-
tion generator together with the thermal stabilization time

under rated conditions.

If auxiliary devices are used, the heat dissipation by them shal!
be stated separately.

7.4.6 Temperature of test table

7.4.3.1 The device for orienting the vibration generator : its
positioning| stops and locking device, as well as the principle of
its operatign.

7.4.3.2 The generator body suspension system : its stiffness
and methofd of locking.

7.4.3.3 The natural frequencies of the vibration generator
pedestal in| the vertical and horizontal orientations, when the

suspension (see figure 7, part ) is not locked.

7.4.3.4 The curve of acceleration as a function of frequency
at the levgl of the vibration generator bearing trunnion (see

figure 7, part @) with the suspension in the free position (see

figure 7, part ), in order to determine the effectiveness of
the isolation.

7.4.3.5 The requirements for installing the generator pedestal
on its fourjdations, with drawings if necessary (see figure’ 7,

part (19)).

7.4.4 Solnd power level of the emitted)hoise

The manufpcturer shall state the maximum sound power level
in each octave band emitted by the-vibration generator and by
the hydragilic and cooling &ystems under the following
operating donditions :

— with the movingc¢element unloaded but with full field
and the| field cail‘coeoling system operating;

— at atedhsinusoidal force without load (load mg) with
excitatipn-frequency adjusted to the centre of each octave

The manufacturer shall state the temperaturg of the test table
for stabilized conditions corresponding’ tq the maximum
heating of the moving element.

7.5 Auxiliary equipment

7.5.1 Built-in pickup

When a pickup/is inCorporated in the vibratign generator, the
manufacturer’shall give the following data :

I

calibration;
&, linearity characteristics;
— frequency response curve;

— transverse response,

thermal stability (transient and permapent conditions).

When the built-in pickup is an accelerometef, its natural fre-
quency shall be stated.

The ratio of the maximum operational frequency of the vibra-
tion generator to the natural frequency of thg pickup shall not
exceed 0,2.

The possible effect of the test load on the|accuracy of the
calibration of the pickup shall be stated.

NOTE — The pickup shall not be used to measure the performance of
the generator.

7.5.2 Cooling system

band.

The manufacturer shall use one of the methods of measure-
ment described in 1SO 3744. If this cannot be used, he shall
then clearly explain the method employed.

NOTES '

1 If the vibration generator is equipped with an independent cooling
system, the manufacturer shall state the sound power levels corre-
sponding to the vibration generator, the cooling system, and the aux-
iliary devices respectively.

2 If the vibration generator is fitted with suspension springs, the
acoustic values shall correspond to the values obtained under normal
test conditions (with the suspension in free position). If, however, the
sound power level in an octave band increases by more than 3 dB
when the springs are locked, this information shall also be given.

The manufacturer shall state the requirements for connecting
the cooling system to the vibration generators, as well as the
following characteristics :

— flow rate;

— pressure;

— input and output temperatures;

— maximum permissible temperature;

— electrical power required;

— description of the thermostat, if any;

15
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—  physio-chemical characteristics of the cooling fluid{s)
(for example mineral salt content of water, humidity of air,
etc.);

— closed circuit operation (if applicable).

7.5.3 Field supply system

The manufacturer shall state whether the field supply system is
included or whetheritis prnrhmnri by a permanent magnet

7.6 Environmental and operating conditicns
for vibration generator use

7.6.1 Permissible working site environment

The manufacturer shall state the permissible conditions of use
for the generator, under rated conditions and without damage :

— maximum and minimum temperatures;

— _relative humidity.

The following eleftrical characteristics shall be stated :
— power required;
— voltage;
— current;
— resistancq of the field coils at 20 °C;

— insulation| resistance with respect to the yoke of the
vibration genefrator.

7.5.4 Demagngtizing system

The manufacturel shall state the following information concern-
ing the demagnelizing system :

— power required;
— voltage;
— current;

— range of gdjustment of the demagnetizinig device (see
7.2.11).

7.5.5 Protectivg and safety system

The manufacturel shall state"the characteristics relating to the
following items :

— mechanichlstops for upper and lower ends of the travel
{position and method of operation);

7.6.2 Combined tests
When the vibration generator is used in combined tgsts (vibra-
tion tests carried out in conjunction/with heat| pressure,

climatic or centrifugal acceleration~tests), the mgnufacturer
shall give the following information :

7.6.2.1 Climatic conditions
— maximum and) minimum operating temperatures;
— permissible relative humidity;

— _pérmissibie  absolute  pressure, stating, where

necessary, operation
— with heat barrier;

— in a climatic chamber.

7.6.2.2 Mechanical conditions
Centrifugal acceleration

— for the vibration generator, the maximum permissible
continuous acceleration for the three directions;

— the acceleration compensation system. |f such a
system is provided, details shall be specified.

7.6.3 Technical specifications and operating
instructions

The manufacturer shall supply instructions for the [operation,

maintenance and an’juctmnnf aof the vibration generhtor.
=5

— electric displacement limit stops;

— electrical and electronic protective systems for the
vibration generator (usually incorporated in the amplifier);

— thermal protection for the following components :
— field coils;
— moving coil;
— cooling system.
The description shall state the method of operation of these

protective and safety systems and their response time.

16

They shall include the following :
— principles;
— descripticn of the vibration generator;
— method of operation;
— mounting plan;
— diagram of the service connections;
— cable diagram;

— installation requirements;
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— assembling and dismantling instructions;
— list of special tools, if required;
— nomenclature;

— preferred list of spare parts recommended by the
manufacturer;

— miscellaneous.

ISO 5344-1980 (E)

This frequency range is defined by frequencies f,x and fiin
between which the power is never less than the specified rated
power.

NOTE — If the amplifier may be used below f i, (with direct current,
for example), the manufacturer shall supplement the preceding result
by supplying plotted curves of the rms sinusoidal current and voltage
as a function of frequency. The manufacturer shall also specify the
limits, if any, of the load to which these current and voltage values
might be applied.

8 Poweér amplifiers

8.1 Test loads

Power amglifiers shall be tested using the electrical test loads
as defined pelow.

8.1.1 Indlctive test load, Z,

The inducfive test load of power factor 0,5 shall have the
following characteristics?) :

a) the|magnitude of the inductive test load Zg, shall be

VSO

equal tg to within 5 %.

SO

b) thelinductive and resistive components of Z, shall be
o
such thjt the current lags the voltage by 60° + g .

c) Zs| may be an electrodynamic vibration.'generator,

whose |mpedance is adjusted by varying thesmechanical
load andl the test frequency.

8.1.2 Resjistive test load, R,

The resistjve test load Ry, shall™ exhibit the following
characteristics :

a) Theg magnitude ofithe resistive test load R, shall be

VSO

equal tg to within 5 %.

so

b) Thqgreactive component of the load impedance shall be

such thatthe current is in phase with the voltage to within

8.2.2 Rated apparent sinusoidal power, P,

The manufacturer shall state the rated) appgarent sinusoidal
power Pg, using the inductive testload Zg, (gee 8.1.1).

The rated apparent sinusoidal power P, is the product of :

a) the rated rms sinusoidal output current I, which the
manufacturer guarantees the amplifier t¢p be capable of
delivering at any-and all frequencies in thq rated frequency
range under/continuous operation at the [load specified in
8.1, and

b) the.rated rms sinusoidal output voltage V, which the
manufacturer guarantees the amplifier t¢ be capable of
delivering at any and all frequencies in thg rated frequency
range under continuous operation at the Joad specified in
8.1.

These currents and voltages shall be availabl¢ throughout the
full range of rated mains voltages and cooling system and
coolant temperatures without causing distortion or dissipation
greater than the guaranteed values.

NOTE — If the amplifier has several output connecfions which can be
connected to the same load impedance, Pg,, 5ol Vs, and the cor-
responding load shall be specified separately for each of them.

8.2.3 Total rated harmonic distortion

The manufacturer shall state the total rated hafmonic distortion
using the resistive test load (see 8.1.2).

The total harmonic distortion of the output signal varies with
the sinusoidal output power at a fixed frequepcy according to
figure 2. The total rated harmonic distortion is the highest value
in the range between f,;, and f,ax (figure 3).

20° in the frequency range from f,;, to 3 fi., (see 8.2.1).
8.2 General characteristics

8.2.1 Frequency range for a given rated power

The manufacturer shall indicate the frequency range for the
rated power defined in 8.2.2 using the resistive test load R,
(see 8.1.2).

8.2.4 Rated apparent random power, P,

The manufacturer shall state the rated apparent random power,
P, which is the maximum value of Py,

A curve of the apparent random power Py, as a function of the
impedance Z,, of the vibration generator shall be supplied. This
curve of apparent random power has the general form shown in
figure 6. (See note 1.)

1) Itis generally enough to carry out the test at a frequency between 300 and 1 000 Hz. The selected test frequency shall be that frequency at which
the available test load best corresponds to the particular conditions as defined in a) and b).

17
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The manufacturer shall also state the apparent random power
using the inductive test load Zg,. (See 8.1.1 and note 2.)

The spectrum of output current power spectral density, A2/Hz,
shall have the same shape as the shape of the acceleration
power spectral density defined in 7.2.4.

For vibration generators operating in the random mode with an
impedance Z, the available random power Py is limited to an
area below the limiting lines of figure 6.

about twice the magnitude of Zy, of 7.2.9. A test using Z, gives only
one point of the curve of Py, as a function of Zy, significantly to the
right of the peak value of Py,

By agreement between the manufacturer and the user, additional test
loads may be used to establish other points on the curve. These addi-
tional test loads may take the form of an autotransformer with the
same basic test load Zg,.

3 Figure 6 may be used by the prospective purchaser of an amplifier
to estimate the rms random acceleration he can expect to obtain from
any combination of vibration generator and amplifier.

Operation above t
ping of voltage o
peaks will no long
acceleration.

During operation 4
(see note 1), som
break down, or th
may interrupt the

The manufacturer
and voltages shall
rent and voltage

perience has show
reproduction of a
the rms accelera
generator.)

NOTES

1 In some power 4§
current limit and oth
for example, the in
breakdown limit of g

2 The value of app:
Z,, will be significal

he clipping limit may result in excessive clip-
current or both, and random acceleration
er be able to reach 3 times the rms value of

bove the current limit or the dissipation limit
e components of the power amplifier may
e protective circuits of the power amplifier
pperation to prevent such failure.

shall guarantee that available peak currents
each exceed 2,3 times the rms values of cur-
or the clipping limit curve of figure 6. (Ex-
n that peak factors of 2,3 provide adequate
Cceleration peaks corresponding to 3 times
ion because of filtering by the vibration

mplifiers, the dissipation limit may lie above the
br limits may occur below the limit lines illustrated;
btantaneous dissipation limit and the secondary
utput power transistors.

hrent random power using the inductive test load,

htly lower than Py, since Zg, of 8AINS typically

Apparent
random
power
Py,

P,

ob —

18

g T hefirststep i catcutating the s TandonT accetgration is to

determine the apparent random power output of the am

plifier. This

output is a function of the electrical load connegted to the amplifier
output terminals, which in this case is the elestrieal impedance Zy,

of the vibration generator. The electrical fimpedance,

Zb’ of the

vibration generator is a function not only\of'the vibratign generator
design, but also of the mechanical lead on the vibration generator
and of the shape of the spectrum_ of-dcceleration to bg applied to
that mechanical load [see d) below]. The apparent raidom power

output of the amplifier is obtained from figure 6 by draw
constant impedance Zy, parallel with the ordinate axis|
the values of Py, obtained.at each intersection with ong

ing a line of
and noting
or more of

the limit lines : "'clipping limit”’, "dissipation limit"’, ahd "current

limit”. The smallest,value of P}, thus obtained is the af

parent ran-

dom power outplt of the amplifier with the electrical Ipad Zy,.

b) The available rms random current 1}, is a function
impedance Z, and is given by :

1
Py /2
I = | —=
Zy

of the load

c) The rms random acceleration ay, to be expected from the vibra-

tion generator-amplifier combinations is :
a,p = inIb

d) The impedance Z in the random mode and th

e accelera-

tion/current response y; of the generator may be obtained from the
vibration generator manufacturer or may be calculaf
cedures given in 7.2.9 and 7.2.10.

ed by pro-

(Logarithmic scales)

—

Impedance in the random mode Z},

Figure 6 — Apparent random power, P,
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8.3 Response characteristics

8.3.1 Input characteristics

The manufacturer shall state the input characteristics of the
power amplifier, including the required input voltage and the
minimum input impedance over the frequency range f;, to

fmax~

ISO

5344-1980 (E)

8.3.3.2 For amplifiers with high output impedance

8.3.3.2.1
input voltage :

Lo
Ue (/)

Modulus of the ratio of the output current to the

8.3.2 Ouput characteristics

With the power amplifier operating into the resistive test load
Ry, (see B.1.2), the manufacturer shall state the output
characteristics of the power amplifier in the rated frequency
range (moglulus and phase of voltage and current and ouput
impedance).

NOTE — These response characteristics shall be stated for the
method(s) of operation of the amplifier, for example :
— without control;

— witH} voltage, current, control, etc.

8.3.3 Frefjuency response curves

The manufpacturer shall furnish the frequency response curyes
using the rpsistive test load R, (see 8.1.2).

The frequéncy response curves for the amplifier shall be
measured @t constant input voltage in the frequency range of
the amplifigr concerned making sure that it istnot-overloaded.

Preferably,| the response curves should ‘extend at least an
octave aboyve and below the frequeney range.

The input yoltage at which the-freqtiency response curves are
measured ghall be stated.

In particulaF, the following-Curves shall be given as a function of
frequency

8.3.3.1 F¢r amplifiers with low output impedance

8.3.3.2.2 Phase shift between the output|
input voltage

I, (f)
Ue (/)

arg

8.3.4 Signal-to-noise ratio

current and the

The signal-to-naise ratio, expressed in decibelgs (dB), is given by

the following\expression :

%
204y —=2

g

The voltages Vg, and V;, expressed in rms va
at the terminals of the resistive test load Ry,
useful rated sinusoidal voltage and V' the ovg
output noise with the input to the power
control signal being loaded with an impeda
the impedance of the source used for the
frequency response curves (see 8.3.3).

This procedure does not take into consid
generated by the source.

The measurement of Vg shall be taken
adjustments, and the greatest value of V so
introduced in the expression for the signal-to

8.3.5 Output voltage stability

The manufacturer shall state the maximu
undesired power amplifier output voltages th

ue, are measured
Vso represents the
rall voltage of the
lamplifier without
hce equivalent to
determination of

bration the noise

for several gain
measured shall be
-noise ratio.

m values for all
at exceed 1 % of

8.3.3.1.1 Modulus of the ratio of the output voltage to the
input voltage :

‘ Up (f) l
Ug (f)

8.3.3.1.2 Phase shift between the ouput voltage and the input
voltage :

Uo (/)
arg
U (f)

Ve, INCIUAING OScillatory bursts and low-frequency variations

SO/
caused by :

a) a 10 % step change in the supply voltage (a.c. power

mains voltage);

b) astep change in the load from 0,95 Ry, to 1,05 Rg,;

c) a step change in the voltage appl

ied to the input

terminals from zero to the level required to produce V.

8.3.6 Gain stability

The manufacturer shall state gain variations
time, load, and supply voltage, for the entire

as a function of
frequency range.
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8.4 Installation requirements

The manufacturer shall state the facilities required for the

power amplifier installation, i.e. :

8.4.1 The required electricity supply (voltage, current, fre-
q " A

v, power, with the nermissible variations for each, as well

ncy, power, with the permissible variations for each, as w

he number of phases and the number of conductors.

8.5.2.1 Generated sound power level.

8.56.2.2 Heat discharged into the surrounding area.

8.6.2.3 Electromagnetic disturbances generated by the power
amplifier.

8.5.3 The manufacturer shall state the characteristics that the
power amplifier can withstand, namely :

8.4.3 Space required.
8.4.4 Foundatigns required.

8.4.5 Means of|controlling the environmental influences
(see also 8.5.2).

8.4.6 Environmpntal conditions meeting the
requirements of|8.5.2.

8.5 Miscellaneous characteristics

8.5.1 The manufacturer shall state the following

characteristics of the power amplifier :

8.5.1.1 A description of the amplifier, including, if required,
remote controls, ¢ontrol panel, installation diagram, etc.

8.5.1.2 A descripption of the safety devices.

8.5.1.3 The reqyirements for connecting the cooling_system
to the power ampjifier and the following characteristics :

— flow rate;
— pressure;
— input and joutput temperatures;

— maximum |[permissible_temperature;

— electric powerteduired;

8.6.3.1 The relative humidity range in which the anplifier may
operate under rated conditions.

8.56.3.2 Vibration, generated sourd+‘power level, electro-
magnetic disturbances, etc.

8.5.4 Technical specifications and operating
instructions

The manufacturer shall supply instruction for |operation,
maintenance and-adjustment of the power amplifier].

They shall\dnclude the following :
<\ principles;
— description of the power amplifier;
— method of operation;
— mounting plan;
— diagram of the service connection;
— cable diagram;
— installation requirements;
— assembling and dismantling instructions;
— list of special tools, if required;

— nomenclature;

forred—list—ef—spare—parts—recommended by the

— descriptionrof-the-thermostat—if-any;
— physio-chemical characteristics of the cooling fluid(s)
(for example mineral salt content of water, air humidity,

etc.);

— closed circuit operation (if applicable).

8.5.1.4 The temperature range in which the amplifier can
operate under rated conditions.

8.5.1.56 The dimensions and mass of the amplifier.

8.56.2 The manufacturer shall state the following

characteristics of the power amplifier :

20

manufacturer

— miscellaneous.

9 Electrodynamic vibration generator and
amplifier system

An electrodynamic vibration generator and amplifier system is
composed of an electrodynamic vibration generator and an
associated power amplifier with auxiliary equipment.

The characteristics defined in this clause apply to the system
and are not to be applied separately to each of its components.
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9.1 Test loads

The electrodynamic vibration generator and amplifier systems
shall be tested using the mechanical test loads defined in 7.1.

9.2 General characteristics

9.2.1 Frequency ranges to be stated

1ISO 5344-1980 (E)

If continuous operation is not possible under certain conditions
such as certain ranges of loads or frequency bands (for exam-
ple those of the suspension spring natural resonances), these
limitations shall be clearly stated.

It shall be clearly specified that the rated force applies only to
the generator-amplifier system.

The rated sinusoidal force, F,,,, is calculated for the specified
test load m, by :

The manufpcturer shall state the frequency ranges correspond-

, etc. The limiting frequencies of the frequency range are

designated fmin and fmax-

9.2.2 Limjitation of frequency ranges

The manufacturer shall state the frequency ranges correspond-
ing to the displacement, velocity and acceleration of the mov-
ing element of the vibration generator. He shall also state the
factors aff¢cting the operation of the test equipment within
these rang

NOTE — THe use of the test equipment may be limited towards the
lower frequencies by the following :

a) the Barmonic distortion of the test table acceleration;
b) the yalue of signal-to-noise ratio;

c) the fonditions of installation of the vibration generator and
amplifier| system or the conditions of suspensionvof the vibration
generatof and amplifier system with force take-off (exciter).

The use of the test equipment may be limited-towards the upper fre-
quencies by [the following :

a) the mhechanical resonance frequéncy of the moving element;
b) the following factors ;

1) fpr a vibration generator and amplifier system with a test
table|:

- the wniformity of the acceleration over the surface of
the test table;

- “the transverse motions of the test table;

Foy = lmg + m) a

The effective mass m, is deduced|from a tes|t (see method of
measurement in clause B.1 of annex B).

NOTE — Newton's law is applicable over the whole[frequency range to
the system, which is assumed-to be rigid (pure mas$, see the definition
in 1SO 2041), and without taking the stiffness anjd damping of the
suspension into account:

9.2.4 Rated random force, broad band, f,

The-manufacturer shall state the rated force gvailable with test
loads mg, mq and m, (see 7.1).

The manufacturer shall state the range of pure mass loads to
which the generator-amplifier system can deliver this rated
force in continuous operation with the specified acceleration
power spectral density.

For generator-amplifier systems operating| at frequencies
between 20 and 2 000 Hz, the shape of the adceleration power
spectral density, @, (f), expressed in g2/Hz of m2/s3, shall be :

@, (f) = 0for f < 20 Hz

@, (f) = <L>2 ®, for 20 Hz < f| < 100 Hz (20
dB/decade) \ 100

@, (f) = Py for 100 Hz < f < 2000 Hz (ponstant)

@, (f) = 0forf> 2000 Hz

— the harmonic distortion of the test table acceleration.

2) for a vibration generator and amplifier system with a force
take-off (exciter) :

— the apparent compliance of the force take-off;
— the transverse motions of the force take-off;

— the harmonic distortion of the force take-off accelera-
tion.

9.2.3 Rated force under sinusoidal conditions, F,,

The manufacturer shall state the rated force available with test
loads myg, mq and mjy (see 7.1) for the rated frequency ranges
(see 7.2.1).

NOTE — &g (f) is a function of the frequency defined as the limiting
2

a
value of A—t} when A f tends towards 0, and where ay, is the rms value

of the random acceleration and A f a frequency band centred about fre-
quency f.

The rated random force broad band F,, is calculated for the
specified test load m, by :

Fop = (mg + m)) a,

If continuous operation is not possible under certain conditions
such as certain ranges of load or certain frequency bands (for
example those of the natural resonances of the suspension
springs), these limitations shall be clearly stated.
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It shall also be clearly indicated that the rated force applies to
the generator-amplifier system.

NOTES

1 The available force delivered by the generator-amplifier system is a
function of both the shape of the acceleration power spectral density
and of the load dynamic response (which does not correspond to the
case of a pure mass). Since most real loads are totally coupled to the
generator-amplifier system only in the lower part of the frequency
range, the available rms acceleration may be greater than the accelera-
tion as calculated for pure mass loads. Under such conditions, if the
actual shape of the T Hy—ts—eh
specified spectrum|shape, the rms current limit or random rms ac-
celeration limit may| reduce the available acceleration to a lower level
than the calculated |level.

2 The crest factor|of the force shall be at least 3.

9.2.5 Uniformity of the table motion at the load fixing
surface

The manufacturef shall state the uniformity of the acceleration
field of the unloagled test table as a function of frequency in a
set of curves repfesenting the acceleration of the worst fixing
point on each bqlt circle relative to a given reference point,
preferably the ceptre of the table. In the case of slotted test
tables, at least two measuring points shall be selected on the
radius :

— the best possible (as close to the centre as possible);

— the worst| possible.

9.2.6 Transverge motion of the test table

The manufacturer shall show the transverse motion, of the test
table as a function of the frequency by two curves showing the
ratio of the transvgrse motions to the axial niotion at the central
fixing point. The [two orthogonal directions Should be parallel
and perpendiculaf respectively to thetunnion axis. If the cen-
tral point is not agcessible, the position of the reference point
shall be stated.

Measurements sHall be made/if possible with the table un-
loaded at the rat¢d force and the manufacturer shall specify
the method used.

Supplementary measurements of the total acceleration distor-
tion, for example test loads m,, may be carried out by agree-
ment between the manufacturer and the user.

9.2.8 Stray magnetic field

The manufacturer shall indicate the stray magnetic field with
the test table or the force take-off in the unloaded condition
and under thermally stable conditions. Along the axis, it shall

nction of the distance from the centre. Over
the surface, it shall be specified in a plane parallel to){he surface
at a distance from the surface of one quarter 6f\the largest bolt
circle diameter at points in the plane directly above gach of the
threaded inserts. The value given shallbe’the maximum value
of the magnetic field in the area of the\point under [considera-
tion.

If the use of a demagnetizing.device is optional, measurements
shall be carried out with arid without this device alternately.

In the case of slotted\vibrating tables, measuremenits shall be
made at the centfe’' and at two points on each radilis, one of
which must be\at the edge of the table.

9.2.9\ Acceleration background noise

The manufacturer shall indicate the level of the rms background
noise acceleration of the unloaded test table (or of the force
take-off) with the input to the power amplifier loaded by an
impedance equivalent to the impedance of the sour¢e used for
the determination of the response characteristics (spe 9.4).

This procedure does not take into consideration|the noise
generated by the source.

9.2.10 Background noise output voltage of the power
amplifier

The manufacturer shall state the rms value (and p¢ssibly the
peak factor) of the background noise voltage measyred at the
output of the amplifier loaded by the vibration genefator, with
the input to the amplifier loaded by an impedance eqpivalent to
the impedance of the source used for the determination of the

Supplementary measurements of the transverse motion such
as measurements with test loads m,, or measurements away
from the central point may be carried out by agreement
between the manufacturer and the purchaser.

9.2.7 Total acceleration distortion

The manufacturer shall indicate the total acceleration distortion
of the generator-amplifier system at the unloaded test table or
at the exciter force take-off.

The acceleration distortion shall be shown by a curve as a func-
tion of the frequency at constant force equal if possible to the
rated force. The limits of this curve are defined by the rated
frequency ranges (see 7.2.1 and 7.2.2).
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response characteristics (see 9.4).

This procedure does not take into consideration the noise
generated by the source.

9.2.11 Input characteristics of the generator-amplifier
system

The manufacturer shall indicate the input characteristics of the
generator-amplifier system.

The required input voltage and minimum input impedance for
the range of frequencies between f.;, and f. shall be
indicated.
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9.2.12 Signal-to-noise ratio

The signal-to-noise ratio, in mechanical terms and expressed in
decibels (dB), is given by the following expression :

20 1g

ag

where

a is theemaximum permitted acceleration under sinusoidal

conditigns ( Fyno) with the moving element unloaded;

the amplifier without control signal loaded by an impedance
equival¢nt to the signal source impedance.

ag is tfe background noise acceleration when the input to

9.2.13 S]:bility of the output force

The manuflacturer shall indicate the stability of the output force
for a 10 %|variation of the mains voltage applied to the system.

9.2.14 Erdratic movements of the moving element
The manyfacturer shall state the maximum values and
characterigtics of erratic movements of the moving element
under the following conditions :

— nofmal starting-up conditions;

— nofmal switching conditions during operation;

— nofmal shutting-down conditions;

— opgration of safety systems, if any;

— in the case of sudden switching off-of the supply to all
or part pf the generator-amplifier-system.

The measyrements shall be carried-out with no input signal to
the power jamplifier.

9.3 Moying element

The data tp be,supplied for the generator-amplifier system at
the variou$ levels'of description are the same as those to be
supplied fqr the generator alone.

1SO 5344-1980 (E)

9.4.2 Phase shift between the forces F,, and the
amplifier input voltage

Fomo (f)
Ugg (/)

Fom1 (f)
Ugy ()

Fomz (f)
Ug, (f)

9.5 Installation requirements

9.5.1  General layout

The manufacturer shall supply dimensione¢ and toleranced
drawings for the vibration generaton, the power amplifier and
the auxiliary devices (cooling, fluid and Electricity supply
systems, cables, etc.), and statethe use of special tools, if any.

Additionally, the manufacturer shall statg the installation

requirements for the connection between thg various parts of
the system (insulation cable ducts, etc.).

9.5.2 Masses composing the principal parts of the
generator-amplifier system

The-following shall be stated by the manufagturer :
— the total mass;

— the mass of the principal parts of the generator-
amplifier system;

— the heaviest mass to be handled duripg dismantling of
the generator-amplifier system.

9.5.3 Pedestal of the generator-amplifie[ system

The manufacturer shall give the following data on :

9.5.3.1 The device for orienting the ggenerator-amplifier
system : its positioning stops and locking devjce, as well as the
principle of its operation.

9.5.3.2 The generator-amplifier body suspefsion system : its
stiffness and method of locking.

NOTE — For all characteristics of the moving element of the vibration
generator and amplifier system, refer to 7.3 and 7.3.1 to 7.3.19.

9.4 Response characteristics

The manufacturer shall indicate the response curves of the
generator/amplifier system using test loads mg, mqand m; (see
7.1).

9.4.1 Modulus of the ratio of the forces F,,, to the
amplifier input voltage

‘ FomO(f)

{ Fom (f)
Ugo (f)

Foma (f) I
Ugy ()

Ugy (f)

9.5.3.3 The natural frequencies of the pedestal of the
generator-amplifier system, with the suspension in the free
condition, in the vertical and horizontal directions (see figure 7,
part ) .

9.5.3.4 The curve of acceleration as a function of frequency
at the level of the generator-amplifier system bearing trunnion

(see figure 7, part @) with the suspension in the free position
(see figure 7, part ), in order to determine the effectiveness
of the isolation.

9.5.3.5 The conditions for installing the generator pedestal on
its foundations, with drawings if necessary (see figure 7,
part ).
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9.5.4 Sound power level of emitted noise

The manufacturer shall state the maximum sound power level
in each octave band emitted by the generator-amplifier system
and by the hydraulic and cooling systems under the following

operating conditions :

— with the

moving element unloaded but with full field

and the field coil cooling system operating;

— at rated sinusoidal force without load (load mg), with

+ +h + of—aach
¥ -]

9.6 Auxiliary equipment

9.6.1 Built-in control transducer

When a pickup is incorporated in the generator-amplifier
system, the manufacturer shall give the following data :

— calibration;

linearity characteristics;

the excitatiorn
octave band.

The manufacturs
ment described
then clearly expld

NOTES

1 If the generato
cooling system, th
corresponding to

cooling system and

2 If the generatof
the acoustic values
mal test conditiong
power level in an d
springs are locked,

9.5.5 Heat diss
The manufactur
generator-amplifi

tion time under r

If an independen
of this system sh|

9.5.6 Tempera
The manufacturg

stabilized conditi
moving element.

9.5.7 Auxiliary

The manufactur

£ ~H Y-
Teduathty—atrastCa—to—ht—Ccont

r shall use one of the methods of measure-
n 1SO 3744. If this cannot be used, he shall
in the method employed.

Lamplifier system is equipped with an independent
b manufacturer shall state the sound power levels
he vibration generator, the power amplifier, the
the auxiliary devices respectively.

Lamplifier system is fitted with suspension springs,
shall correspond to the values obtained under nor-
with the suspension free. If, however, the sound
ctave band increases by more than 3 dB when the
this information shall also be given.

ipation

br shall state the heat dissipation of the
br system, together with the thermal stabiliza»
bted conditions.

cooling system is used, the heat dissipation
all be stated separately.

ture of the test table

r shall state the test table temperature for
ns corresponding, tg maximum heating of the

equipment required by the installation

brshall indicate the auxiliary equipment

required by the

nnrnfnr-nmplifipr system, ie

— frequency response curve;
— transverse response;
— thermal stability (transient apd\permanent gonditions).

When the built-in pickup is anracceélerometer, its patural fre-
quency shall be stated.

The ratio of the maximum operational frequerjcy of the
generator-amplifier _system to the natural frequepcy of the
pickup shail not exeeed 0,2.

The possible_effect of the test table on the accufacy of the
calibration_of-the pickup shall be stated.

NOTE —~The pickup shall not be used to measure the pefformance of
thesgenerator-amplifier system.

9.6.2 Cooling system
The manufacturer shall state the requirements for connecting
the cooling system to the generator-amplifier systerny}, as well as
the following characteristics :

— flow rate;

— pressure;

— input and output temperatures;

— maximum permissible temperature;

— electric power required;

— description of the thermostat, if any;

— the requi

red electricity supply (voltage, current, fre-

quency, power, with the permissible variations for each, as
well as the number of phases and conductors);

—  fluid supply (compressed air, water, etc.);

— space required;

— foundations required;

— means of
also 8.5.2);

— environm
8.5.2.
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controlling the environmental influences (see

ental conditions meeting the requirements of

— physio-chemical characteristics of the cooling fluid(s) :
(for example mineral salt content of water, temperature of
air, etc.);

— closed circuit operation (if applicable).

9.6.3 Field supply system

The manufacturer shall state whether the field supply system is
included or whether it is produced by a permanent magnet. The
following electrical characteristics shall be stated :

— power required;

— voltage;
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— current;
— resistance of the field coils at 20 °C;

— insulation resistance with respect to the yoke of the
vibration generator.

9.6.4 Demagnetizing system

The manufacturer shall state the following information concern-
ing the demagnetizing system :

ISO

— pressure;
— input and output temperature;

— maximum permissible temperature;
— electric power required;

— description of the thermostat, if any;

5344-1980 (E)

physio-chemical characteristics of the cooling fluid(s)

— powyer required;
— voltage;
— curgent;

— range of adjustment of the demagnetizing device
(see 9.2/9).

9.6.5 Protective and safety system

The manufgcturer shall state the characteristics relating to the
following items :

— meghanical stops for upper and lower ends of the travel
(positior) and method of operation);

— eledtrical displacement limit stops;

— eledtrical and electronic protective systems for the
generatqr-amplifier system;

— thefmal protection for the following components :
— field coils;
— oving coils;
— ¢ooling system.

The description shall specify-the method of operation of these
protective gnd safety systéms and their response time.

9.7 Misdellaneous characteristics

{for example mineral salt content of water, air humidity,

etc.);

— closed circuit operation (if applicable)

9.7.1.4 The temperature range in which
amplifier system can operate under rated con

9.7.1.56 The dimens$ions and mass of the ge
system.

9.7.2 The'/ manufacturer shall state
characteristics of the power generator-amplifi

9.7:21 Generated sound power level.

9.7.2.2 Range of relative humidity in whic
amplifier system can operate under rated con

9.7.2.3 Heat discharged into the surroundin

9.7.3 The manufacturer shall indicate
characteristics relating to the generator-ampli

9.7.3.1
system.

Electromagnetic disturbances gen

9.7.3.2 Vibration, generated sound powe
magnetic disturbances, etc., which the ge
system can withstand.

9.7.4 Combined tests

the generator-
ditions.

nerator-amplifier

the following
er system :

h the generator-
ditions.

j area.

the following
ier system :

erated by the

level, electro-
nerator-amplifier

When the generator-amplifier system is used ip combined tests

9.7.1 The manufacturer shall state the following
characteristics of the vibration generator-amplifier system :

9.7.1.1 A description of the generator-amplifier system,
including, if required, remote controls, control panel, instal-
lation diagram, etc.

9.7.1.2 A description of the safety devices.

9.7.1.3 The requirements for connecting the cooling system
to the power generator-amplifier system and the following
characteristics :

— flow rate;

(vibration tests carried out in conjunction with heat, pressure,
climatic or centrifugal acceleration tests), the manufacturer
shall give the following information :

9.7.4.1 Climatic conditions

maximum and minimum operating temperatures;
— permissible relative humidity;

— permissible absolute where

necessary, operation

pressure,  stating,

— with heat batrrier;

— in a climatic chamber.
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9.7.4.2 Mechanical conditions
Centrifugal acceleration

— for the vibration generator, the maximum permissible
continuous acceleration for the three directions;

— the acceleration compensation system. If such a
system is provided, details should be specified.

— description of the vibration generator;
— method of operation;

— mounting plan;

— diagram of the service connections;
— cable diagram;

— installation requirements;

9.7.5 Technical[specifications and operating
instructions

The manufacturen shall supply instructions for the operation,
maintenance and Jadjustment of the system.
They shall includg the following :

— principles;

— assembling and dismantling instructions;
— list of special tools, if required;
— nomenclature;

— preferred list of spare'\ parts recommendd
manufacturer.

d by
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