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INTERNATIONAL STANDARD

ISO

8626 : 1989 (E)

Servo-hydraulic test equipment for generating

vibration — Method of describing characteristics

0 Introfuction

This Internfitional Standard covers the characteristics of servo-
hydraulic tgst equipment used for generating linear vibrations
and serves|as a guide for the selection of such equipment.

NOTE — For the purposes of this International Standard, servo-
hydraulic tegt equipment is more simply referred to as ’hydraulic test
equipment’’

The term ‘thydraulic’’” means that the vibratory movement pro-
duced results from the variable flow of a liquid which is general-
ly ensured |by means of an electrohydraulic control device fed
by a hydrafilic power system and acting on an actuator;-using
one or several control loops.

The hydraulic test equipment for generating .vibration, a
schematic iagram of which is shown in figlires'6 and 7, com-
prises

— thg complete hydraulic vibration generator system
[hydraufic vibration generator(s), servovalve control
device($), hydraulic power §ystem],

— control desks,
— auxiliary tables;

— otHer peripherals.

NOTE — Control desks will be dealt with in a future International Stan-
dards. Auxiljary-tables are covered by ISO 6070.

In order to enable the possibilities afforded Qy test equipment
from different sources to be compared, this International Stan-

dard establishes

a) alist of the characteristics;
b), the standard method of obtaining
characteristics.

This International Standard provides two ley
to be used in describing the test equipment,

a) level 1 description;

b) level 2 description.

It gives, for each level of description, chosen
tween the user and the manufacturer, a list of

certain of these

els of description
as follows:

by agreement be-
the characteristics

to be described by the manufacturer in his tengler as well as a list

of technical documents to be supplied with th
thermore, the manufacturer’s literature shall ¢
characteristics corresponding to a level 1 desq

This International Standard applies to the follg

— hydraulic vibration generators [actua
all or part of the position control device

e equipment. Fur-
bntain at least the
ription.

wing equipment:

ors, servovalves,
And, if fitted, the

static force compensating device (see cla

Clauses 6, 7, 8 and 9 enable the user to specify separately
individual components of a servo-hydraulic vibration test
system if he chooses to assemble the system from components
obtained from more than one source.

If the user chooses to acquire the complete servo-hydraulic
vibration test system from a single source, he shall refer to
clauses 6, 9 and 10.

1 Scope and field of application

The hydraulic test equipment used for generating vibration has
a wide range of characteristics which can be evaluated in many
different ways.

ises 5, 6 and 7)];

— the servovalve control devices (see clauses 5, 6, and 8);

— the hydraulic power systems (see clauses 5, 6 and 9);

— the complete hydraulic vibration generator systems

(see clauses 5, 6 and 10).

2 References

IS0 2041, Vibrations and shock — Vocabulary.

ISO 3746, Acoustics — Determination of sound power levels of

noise sources — Survey method.
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ISO 4406, Hydraulic fluid power — Fluids — Method for coding
level of contamination by solid particles.

ISO 4413, Hydraulic fluid power — General rules for the
application of equipment to transmission and control systems.

ISO 6070, Auxiliary tables for vibration generators — Methods
of describing equipment characteristics.

kpy, Linear hydraulic stiffness

L Height of the test mass (see annex C)

me Mass of the moving element (see 5.5.5)
m, Test masses (r = 0, 1, 2, 3, 4, 5) (see 5.4)
Ds Supply pressure

Psmax Maximum supply pressure

qy Flow rate generated by the servovalve
3 Symbols qv, Flow rate of the hydraulic power system
A Useful cros-section s Laplacian operator
a Acceleratibn S Dynamic amplification factor
ap Maximum|r.m.s acceleration under random conditions Y Control voltage at the position lgop amplifigr input
a Noise acdeleration with the amplifier input in the Uso Bated r.m.s. voltage under sinusoidal conditjons at the
absence of a control signal — being loaded with an im- input of the servovalve
pedance g¢quivalent to the impedance of the signal v Velocity
source. .
X Displacement
a, Maximum|no-load acceleration \
Xp R.M.S. value ©f displacement under randgm condi-
@max ~ Maximum|acceleration (see 5.5.7.2.1.1) tions
b Viscous damping € Reduced damping factor
c Longitudinal velocity (see annex C) U Tranverse contraction coefficient (Poisson fatio) (see
d Total distgrtion (see 5.5.10.1) alsojannex C)
d,  Rated totgl distortion (see 5.5.10.2) v Modal frequency
D Diameter ¢f the test load Q Density
E Longitudinal elasticity (Young’s modulus) 4 Operational noise
f Fundamerjtal frequency @(f)  Acceleration power spectral density (adceleration
PSD)
Smin  Minimum [frequency used . .
) (/) Displacement power spectral density (displacement
Smax ~ Maximum|frequency used PSD)
fo Smallest [modal frequency of the lodd)test (see
annex C) ]
. 4 Units
Son Normal hydraulic mode frequency-(see 5.5.6)
F, Rated [orce  under  sinusoidal conditions When the manufacturer or the user gives valuep for the

(see 5.5.7|12.1.2)
Fop Rated ranflom force, bread-band (see 5.5.7.2.2)

Fom,  Rated forde under sinusoidal conditions for a test mass
m, (see 5.5.7.2.1:1)\(the index ¢ represents the various
t

parameters required by this International Standard] he shall
clearly define the units and state, where necessary, whether the
values are r.m.s., peak or peak-to-peak values.

5 Definitions

masses)
Fg Static force{see 5.5.7.1)
9n Standard acceleration of free fall (due to gravity)

H,(s) Hydraulic transfer function

H,(f) Acceleration transfer characteristic at constant current
(see clause B.1)

Iy Servovalve input current

Iy, Rated r.m.s. current under sinusoidal conditions at the
input of the servovalve

For—the—purposes—ofthis—ttermationat-Stardard,—the general
definitions given in ISO 2041 and the following definitions
apply.

5.1 hydraulic vibration generator: A test device in which
the vibratory linear movement of the test table or power take-
off 1) is produced by the action of a fluid on a piston.

A schematic diagram of the test table power take-off vibration
generator is shown in figure 7.

1) Throughout the text, where for simplicity’s sake ““test table’”’ has been used, read ““test table or power take-off"’.
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The hydraulic vibration comprises the constituent parts defined
in 5.1.1 t0 5.1.3.

5.1.1 moving element: Constituent part comprising the
piston rod, the piston and, if fitted,

— the moving table,

— the connecting element between the piston rod and the
power take-off, if it is other than part of the rod,

1SO 8626 : 1989 (E)

5.3.3 hydraulic pump: Equipment which produces the flow
rate and pressure necessary for feeding the hydraulic vibration
generator; it can have a constant or variable flow rate.

5.3.4 pressure regulator: Equipment which keeps the
pressure between certain limits fixed by the vibration generator
manufacturer; it may have a proportional or on-off action.

5.3.5 filtration system: Series of filters in the reservoir

—  the . " discharge and return circuits which keep the hydraulic circuits
gt ' ! clean, as required for servovalve application;,

— thel moving parts of the anti-rotation system.

5.1.2 pedestal: Constituent part that connects the body of
the actuatdr to the foundation, the reaction mass or baseplate,
if fitted.

5.1.3 grajity compensation device: Constituent part fit-
ted, in cerfain cases, to the hydraulic vibration generators in
order to resist the static forces caused by the material under
test.

5.2 servpvalve control device: Device the function of
which is td ensure

" — thd conditioning of the control signals under static and
dynamig¢ conditions,

— thdt the mean position of the moving element is Mmain-
tained (see note 1), and

— thdt the harmonic distortion factors are mjnimized (see
note 2)

NOTES

1 In certaif cases or for certain servovalves; the valve may not in-
clude the hydromechanical position transducer; this should then be a
function of the control system.

2 In order|to minimize the harmonic distortion factors, this device
may be fed jwith acceleration; velocity or pressure data in addition to
the vibratior) signal and itsislide valve position data.

5.3 hyddaulic ‘pewer supply: The complete hydraulic in-
stallation |necessary for feeding the hydraulic vibration
generators

5.3.6 heat exchangers: Devices® which maintain the
temperature of the hydraulic fluid-in the reservoir within the
temperature range set by the ‘manufacturer.

5.3.7 accumulator: ‘Pressurized fluid resefvoir which com-
pensates for pressure surges in the hydraullc (discharge and
return) circuits and-attenuates hammering in|the installation.

5.3.8 auxiliary equipment: Equipment comprising the ac-
cessories'used, the device providing information, and the alarm
and_safety systems (see 10.3.2).

5.4 test masses, m,: Mechanical masseg selected by the
manufacturer and used for the testing of hlydraulic vibration
generators.

NOTE — For requirements on shape, dimensionp, flatness, surface
roughness and fixing of the test mass, see annex [C.

5.4.1 test mass mg: The special case wherg the test mass is
zero and only the moving table is driven.

5.4.2 test mass m;: A load permitting a pepk acceleration of
approximately 1g under sinusoidal conditiong.

5.4.3 test mass m,: A load permitting a pepk acceleration of
approximately 4g under sinusoidal conditiong.

5.4.4 test mass m3: A load permitting a pepk acceleration of
approximately 10g under sinusoidal conditions.

A schematic diagram is given in figure 8.

The hydraulic power supply designed for feeding the hydraulic
vibration generator is generally made up of the elements defin-
edin5.3.1t0 5.3.8

5.3.1 hydraulic fluid: The power transfer agent between the
hydraulic power supply and the vibration generator.

5.3.2 reservoir: Container for storing the hydraulic fluid and
the capacity of which generally depends on the maximum flow
rate of the hydraulic pump.

5.4.5 test mass my,: A load permitting a peak acceleration of
approximately 20g under sinusoidal conditions.

5.4.6 test mass mg: A load permitting a peak acceleration of
approximately 40g under sinusoidal conditions.

5.5 AQuantities

5.5.1 supply pressure, p;: The pressure produced by the
hydraulic power system at the flow rate qv, The supply
pressure is measured at the pressure regulator outlet in bars or
pascals.
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5.5.2 flow rate of the hydraulic system, gy : The maxi-

mum flow rate which can be delivered by the power system at
the supply pressure, p,, measured at the pressure regulator

output in litres per minute or cubic centimetres per second.

5.5.3 Travel

5.5.3.1

rated travel: The limits, in millimetres, within which

the moving element of the vibration generator normally
operates and beyond which the performance is no longer

5.5.7.2 dynamic forces: These are generally a function of
the following two main variables:

a) the frequency;

b) the type of load on the moving element.

Practical loads may include spring forces and/or damper forces
which will influence the performance of the generator.
Characteristics of vibration generators are normally specified
for mass loading which is the basis of this International Stan-
dard. A manufacturer should, however, be expected to give ac-

guaranteed by th

b manufacturer.

5.5.3.2 travel Between stops: The rated travel plus the
safety margins at|each limit which are to be used for braking.

5.5.4

rated velgcity, X, : Maximum velocity amplitude of the

moving element which can be obtained under sinusoidal condi-
tions with test mpss m without the use of any resonance ef-
fect. The rated Melocity is given in millimetres per second or

metres per second.

5.5.5 mass of
kilograms, of the

the moving element, m,: The mass, in
moving element, as described in 5.1.1.

NOTE — This masq does not include the mass of the moving hydraulic

fluid.

5.5.6 frequenc
frequency given

1

y of the normal hydraulic model, f,,: The
by the following formula:

fon = 5 P
oh 27tl/

Indeed the hydra
of a single degre!
ing parameters:

— atotalm

— a hydrau

NOTE — The viscd

5.5.7 force: F

me+m,

ulic generator has a behaviour similar to that
b-of-movement system which has the follow-

Dving mMass mg 1,

c stiffness ky

us damping b may be disregarded.

nal Standard

tuator performance with pure spring loading or pyre damper
loading, if required.

5.5.7.2.1 Dynamic forces under sinusoidal conditions

5.5.7.2.1.1 rated test force, F,, . fora specific fest mass,
my: This is the maximum force which can be intrqduced in a
test mass, m,, without use of any/resonant effect.

F,

om; = F, - T M Amax

Me Amax

The maximum accelefation a,,, is defined in conngction with
the test loads (see.5.4). The frequency range in whi¢h a,,,, can
be obtained is the{rated frequency range for the tegt load m,.

5.6.7.2.1.2, rated force, F,: The rated dynamic forcg F, that the
vibration generator can supply for all the test masses 11, (see 5.4).

Fo'= (me + m,) @may

NOTE — The rated dynamic force, F,, may be different from the static
load force, Fg, and should not cause any fatigue darpage of the
actuator.

5.56.7.2.2 rated random force, broad-band, F | Minimum
value of the force under random conditions in a road band
with test mass m,. This force corresponds to a power spectral
density (PSD) of uniform acceleration ay, within thg frequency
band f3 to /4 (see 5.5.8, 5.5.9 and figure 5).

Fop = m,ay

5.5.8 Random displacement/acceleration power
spectral density (PSD)

For test applications using servo-hydraulic vibration|test equip-
ment, both the acceleration power spectral density, @(f), and
the related displacement power spectral density, 6(f), are
significant.

= £ +bio 1t tio.
e PHPOSES O TS T e dtORtOomEaraT

the force in newtons or kilonewtons, developed by a hydraulic
vibration generator which can be delivered to a load mounted
on the test table or connected to the power take-off, i.e. output

force.

5.5.7.1 static force, Fy (at zero velocity): The force of the
moving element at zero velocity and supply pressure pg; this is
the product of the supply pressure pg and the useful cross-
section A:

Fg = ps A

NOTE — If fitted, the gravity compensation device does not affect this
definition (see 5.1.3 and 7.2.7).

5.56.8.1 acceleration power spectral density, &(f): The
s ap?
limiting value of ALf when Af tends towards zero, where ay, is

the r.m.s. value of an acceleration waveform with Gaussian
amplitude distribution and Af is a frequency band centred
about frequency f.

5.5.8.2 displacement power spectral density, 6(f): The
X2
limiting value of A—bf when Af tends towards zero, where x, is

the r.m.s. value of a displacement waveform with Gaussian
amplitude distribution and Af is a frequency band centred
about frequency f.
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The graph of the acceleration and displacement power spectral
density functions may be specified in terms of the lowest
operating frequency f;, a displacement-velocity transition fre-

ranay a velocitv-acceleration transition frequency f5, a cut-
qUGI IUYJZ, a VclUblty'aubclUlauUu UWanisoiuuin (ioyuviivy y3, & vl

off frequency f4, a second cut-off frequency fs, if requured and
the highest operating frequency, fg. Between f; and f, the
displacement power spectral density is constant, between f3
and f, the acceleration power spectral density is constant.

The values for the displacement and acceleration PSDs for the

\/nrlnlle frnnnnnr\/ ranqes are ||Q1’Dd m fAh'p 1

OUS CY 1YeS @it HoiThl w2l

ISO 8626 : 1989 (E)

5.5.9.2 r.m.s. value of acceleration, a,: Value given by the
following formula:

r

1
— P2 ——
W L5(.f§f3’2 !

11 (fafe)2/ 1 1\]12
+fa-fH + M2 — - =)+ = — - — :
4 3 4 < f4 f5> 3 <f53 f63>J

1
—£5) + —— (3 — £3)
f9) + 372 B =5+

J 55.9.3 The formulae given in 5.5.9.1 .a 5.5.9.2 are
Table 1 — V4lues for displacement and acceleration PSDs simplified where particular frequency bands-are omitted. For
example in the case where the highest operating frequency, fg,
Frequency pand | Displacement PSD | Acceleration PSD is lower than the first cut-off frequency, fi| the formuiae
f <f1 0f) =0 P(f) = 0 become:
fi < f<|h an = 8, on= o r 71 1\
(fofy? Xp = 6172 L(fz - f) # 12 (— )
f2
fo < <|f- H(f)—ﬁz-e <1>(f)——j—?—¢
2 3 - 72 0 S ! $ 1 1 1/2
+ — —— e —
(afo? WZ) 13 f63>
Sa < S <A o) = 4 bo o) = & ’
(fafsf2? S 4y = P2 | ———— (5 f)+_(,3_f3)+
ZERA I LA 1 R T G .
fsSaS312)? (fafs)?
fo < f < o) = ———— G| B(N) = —— @ 12
> fy 0 =0 d(f) =
The crest factor shall be at least 3.
In table 1
The rated travel (see 5.5.3.1) shall be at least tyvice the r.m.s.
O = L value of the displacement, x,,, multiplied by the| crest factor to
0 (2nf,)4 0 avoid contacting the mechanical stops.
¢ H i
5.5.9 R.M.$. values of displacement,and acceleration 5.5.10 Distortion
5.5.9.1 r.mJs. value of displacément, x,: Value given by o . . ) . )
the following|formula: There are two definitions with respect to dist¢rtion with dif-
ferent values for d, determined using the following formulae:
1 1
Xp = 0VF | (fo = S04 2 [ — — — )+ 2 — a2
fa Sz d= Ve -
a
+ (J,';)Z/L L\_._ l/\,{vgfé)z/_]___‘l_ + 5 5
3 \& 3] 5 o 0 g N4

1 1 1\]12
t (s/ahsfo)? <F - 76;>}

where @ and a, are as defined in 5.5.10.1.
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With respect to the operational noise ¢, the distortion is often
determined by the formula

The velocity distortion is expressed by the following formula:

¢ 2 n a.: 2
f, - Af12 Fomax <S (padt> + 2 < 4 >
. 0 i2nf
SGXX( fdf + SGXX( f)df . -~ e
fmin f1 + Af/2 v L V1
d= 2
Jmax nf
SGXX(ﬂdf

5.5.10.1.3 displacement distortion: When the velocity
Jimin sighalis-integrated-again-to-obtain-adisplacementsignal, if the
where harmonic components of displacement are larder than the
displacement noise, which may be the case; the displacement
distortion will be less than the velocity distortion| If displace-

Gyxl is t]e PSD of the signal;

f is the frequency of the basic signal.

5.5.10.1 Total|distortion, d (see figure 1)

5.5.10.1.1 acdeleration distortion: An acceleration signal a
may be considefed as made up of components as given by the
following formuja:

a=\/(p2+¢12+a22+a32+...+an2=

where
a is the r.m.s. value of the acceleration;
a, is the r.m.s. value of the component of acceleration_at
the fundamelntal frequency £, which is usually the only com-
ponent desired;
ay, a3, ... a] are the r.m.s. values of the harmonic com-

nf, where-n includes all

ment distortion rather than acceleration-distortion| d is intend-

ed, the words “‘displacement distortion’’ shall be ¢

The displacement distortion isexpressed by the f
mula:

early stated.

bllowing for-

2 n 2

S’ s’wadzdz + Y (aaies

0,J0 i2 4n2f2
d i=2
= =
a4
4n2f2
_ Vx2 — x42
X
5.5.10.2 rated total distortion, d,: The maximum value of

the total distortion, d, determined at maximum adceleration in

the rated frequency range, for a given test mass.

See figure 2.

ponents at 1|requencies 2f, 3f, ...
components| of significant value;

¢ is the opgrational noise (see 5.5.11:2).

The total distorfion, d, is the ratio_between all of the undesired
acceleration cofponents and the-desired acceleration, a1:

5.5.11 noise: Noise is caused by the measuring system as
well as by the control loop.

5.56.11.1 background noise: The r.m.s. or peak-to-peak
value of the vibratory motion, in a given frequency band, with
the input signal of the system at zero.

NOTE — The background noise acceleration, a,, is defined with the

d= \/(Pz 1 022 + a32 & o+ anZ _ servovalve control device input loaded with an i?npeda ce equivalent
a; to the signal source impedance and the control device agljusted for op-
timum control performances.
02 + Z ai2 5.5.11.2 operational noise, ¢: The residual value of the
e \/‘12—_—0-1-2- v.ibratory motion, in a given frequency band, with a control
= = signal present.
a a

5.5.10.1.2 velocity distortion: When the acceleration signal
is integrated to obtain a velocity signal, each component is
divided by its own frequency and the ratio between the har-
monic components and the fundamental is deduced. If the har-
monic components are much larger than the noise, as is usually
the case, the velocity distortion will be much lower than the ac-
celeration distortion. If velocity rather than acceleration distor-
tion is intended, the words “‘velocity distortion’’ shall be clearly
stated.

@ is the r.m.s. value of the “’noise’’, or non-harmonically related
acceleration components, caused usually by:
— line frequency pick-up into the servovalve control,

— start-stop friction in the servovalve and/or the actuator
(jack),

— impacting of loose parts in the specimen being tested,

— turbulence flow effect at controlling edges of servo-
valves.
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Figure 1 — Total distortion at a fixed
freqyency as a function of the acceleration

5.5.11.3 signal-to-noise ratio: Value derived from technical
causes, expressed in decibels, and given by the following for-
mula:

a
201g —
aq

where

a is tHe maximum permissible (‘acceleration under

sinusoidal conditions at rated force-k,,,, and test mass my;

aq is the background noise acceleration (see 5.5.11.1).

signal in the servovalve-control device to linearize the servo-
valve zero crossing regien, and also to decrease the friction in
order to impfove the resolution of the valve and actuator.

5.5.12 dit{r: High frequency signal introduced into the

5.5.13 transverseaccetera atio—Thera
transverse acceleration and the axial acceleration; this may be
related to test loads and frequency.

5.5.14 mean position deflection under load: Applying a
load resuits in the first mean position being displaced, which is
a function of the characteristics of the position control loop.
The differential pressure on each side of the piston resulting
from opening the servovalve statically balances the external
forces. The opening of the servovalve therefore depends on the
loads to be balanced, the leakage flow rate and the mean posi-
tion error of the piston. It is controlled by the mean position
control loop.

b/
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Figure 2 — Total distortion
as a function of the frequengy
at maximum acceleration for a given [test mass

6= Characteristics to be supplied by the
manufacturer for each level of degcription

Attention is drawn to the fact that the two levels of description
adopted in this International Standard do not rglate to the qual-
ity or size of the test equipment.

A level 1 description may be adequate for a laige, high-quality
test apparatus whereas, under certain circumstances, a level 2
description would be, for example, requirgd for a small,
medium-quality test apparatus.

The level of description required shall usually| depend on the
use to which the equipment is to be put.

This International Standard also gives the relevant charac-
teristics for matching different components ¢f the vibration
generator system.

The characteristics indicated by an X" in tablgs 2 to 5 shall be
supplied when demanded by the particular level of description.

tstes-whi eetire particular level
of description, i.e. those which are not marked with an X",
may, however, be supplied if agreed between the manufacturer
and the user.

afd a © viw 10

NOTE — Attention is drawn to the need to specify these particular
characteristics at the time of enquiry and when ordering because their
cost, which can be high, has to be taken into consideration.

Tables 2, 3, 4 and 5 give a list of the characteristics to be
described by the manufacturer as a function of the chosen level
of description. Explanations of the listed characteristics are
given in clauses 7, 8 and 9. Explanations of methods for
measuring certain of these characteristics are given in annex B.
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Table 2 — Vibration generator

Characteristic

Reference to
corresponding

Level of description

clause 1 2
General characteristics
Hydraulic supply conditions 7.11 X X
Characteristics of the servovalve 7.1.2 X X
Static force 7.1.3 X X
Rated velocity 7.1.4 X X
Rated frequency ranges 7.15 X X
Limitations of characteristics under sinusoidal conditions 7.1.6 X X
Limitation of chgracteristicstunder-random—cor reitons A
Rated force undgr sinusoidal conditions, F,,. 7.1.8 X X
Rated random fqrce, broad-band, F,, 7.1.9
Uniformity of th¢ acceleration field of the test table 7.1.10
Transverse motipn of the test table 7.1.11
Limitation of chgracteristics 7.1.12 X
Moving element
Mass 7.21 X X
Rated travel 7.2.2 X X
Travel between glectrical safety devices 7.23 X
Travel between $tops 7.24 X X
Normal hydrauli¢ mode frequency 7.26 X
Hydraulic stiffneps 7.26 X
Gravity compengation device 7.277 X X
Maximum trans\erse load 7.2.8.1 X
Rated static trarjsverse load 7.2.8.2 X
Transverse stati¢ stiffness 7.29 X
Static friction off moving element 7.2.10
Dimensions of the test table 7.2.11 X X
Means of attaching the loads or the materials under test 7.2.12 X X
Recommended forque on the threaded inserts or fixing elements in the table 7.2.13 X X
Maximum permissible axial force on the threaded inserts or other fixing element 7.2.14 X
Flatness of the test table 7.2.15 X
Perpendicularity|of the threaded inserts with respect to the plane of the test table 7.2.16 X
Perpendicularity|of the plane of the test table with respect to the-axis of the rod 7.2.17 X
Concentricity of|axes (exciter power take-off) 7.2.18 X X
Coupling tolerarces of an auxiliary table 7.2.19 X X
Auxiliary equipment
Generator shaft [position transducer 7.3.1.1 X X
Pressure, force,|velocity or acceleration transducer 7.3.1.2 X
Cooling system 7.3.2 X X
Safety systems,|alarm and cut-out devices 7.3.3 X X
End of trave 7.3.3.1 X X
Actuator forge 7.3.3.2 X X
Bearing tempperatures 7.333 X X
Qil flow rate 7.3.34 X X
Clogging of the filter 7.3.35 X X
Hoses and cablgs 7.3.4 X X
Installation conditions
General 7.4.1 X X
Masses of the vibration generator 742 X X
Vibration generator pedestal
Orientation device 7.4.3 a) X X
Dynamic characteristics 7.43Db) X
Fixing conditions 7.43c) X X
Generated sound power level 7.4.4
Heat dissipation 7.45
Test table temperature 7.4.6
Environmental and operating conditions
Site 7.5.1 X X
Combined tests 7.5.2
Documents 7.6 X X
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Table 3 — Control system
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Characteristic

Reference to
corresponding

Level of description

clause 1 2
Servovalve control device
Unmodulated input characteristics 8.1.1 X X
Modulated input characteristics 8.1.2 X X
A.C. source output characteristics 8.1.3 X X
D.C. source output characteristics 8.1.4 X X
Dither characteristics 8.1.5 X
Characteristics of output to servovalve 8.1.6 X X
Characteristi i i i ) 817 X X
Maximum ifput voltage 8.1.8 X X
Transfer furjctions 8.1.9
Total distorfion, d 8.1.10
Signal-to-nqise ratio 8.1.11
Stability of the output quantity for a zero input 8.1.12 X
Gain stabilitly 8.1.13
Limitation of characteristics 8.1.14 X
Control anf protection panel 8.2 X X
Auxiliary egquipment 8.3 X X
Installatior] conditions 8.4 X X
Environmeptal and operating conditions 8.5 X
Document: 8.6 X X

Table 4 — Hydraulicipower system

Reference to Lo
Characteristic corresponding Level of dgscription
clause 1 ] 2

General chfaracteristics i
Drive motor|characteristics 9.1.1 X i X
Flow rate/pfessure characteristics of the power system g: é; X X
Hydraulic flgid 9.2.1 X X
Reservoir 9.2.2 X X
Hydraulic pymp 9.2.3 X X
Pressure redulator 9.24 X
Filter systen 9.25 X X
Heat excharjger 9.2.6 X X
Accumulatofs 9.2.7 X X
Auxiliary euipment
Accessories 9.3.1 X X
Indicating equipment 9.3.2 X X
Safety systems, alarms and cut-out devices 9.3.3 X X
Installation conditions
General 9.4.1 X X
Masses of the main part of the hydraulic fluid power system 9.4.2 X X
Power consumption 9.43 X X
Connections 944 X X
Start-up and maintenance 945 X X
Generated sound power level 9.4.6
Heat dissipation 9.4.7
Cooling medium requirements 5.4.8 X X
Environmental and operating conditions 9.5 X X
Documents 9.6 X X
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Table 5 — Complete hydraulic vibration generator system

Reference to .
Characteristic corresponding Level of description
clause 1 2
General characteristics
Static force 10.1.1 X X
Rated velocity 10.1.2 X X
Rated frequency ranges 10.1.3 X X
Limitations of characteristics under sinusoidal conditions 10.1.4 X X
Limitations of characteristics under random conditions 10.1.5 X X
Rated force under sinusoidal conditions, Fom, 10.1.6 X
Rated random fo o P 1047
Uniformity of the|acceleration field of the test table 10.1.8
Transverse motiof of the test table 10.1.9
Limitation of chafacteristics 10.1.10
Total distortion, 4
No-load test 10.1.11.1
Test under lodd 10.1.11.2 X
Background noisg 10.1.12 X
Operational noise| 10.1.13 X
Signal-to-noise rJtio 10.1.14
Dither 10.1.15 X
Input characteristics of the complete hydraulic vibration generator system 10.1.16 X X
Output force staljility 10.1.17 X
Transient motion|of the moving element 1041.18
Servosystem staljility 10.1.19
Mean position deflection under load 10.1.20 X X
Gravity compensgtion device 10.1.21 X
Moving elemen
Mass 7.21 X X
Rated travel 7.2.2 X X
Travel between electrical safety devices 7.2.3 X
Travel between stops 7.2.4 X X
Normal hydraulicimode frequency 7.25 X
Hydraulic stiffne 7.2.6 X
Gravity compensgtion device 7.2.7 X X
Maximum transvérse load 7.2.8.1 X X
Rated static trangverse load 7.28.2 X X
Transverse static|stiffness 7.2.9 X
Static friction of moving element 7.2.10
Dimension of the] test table 7.2.11 X X
Means of attaching the loads or the materials under test 7.2.12
Recommended tdrque on the threaded ingerts or fixing elements in the table 7.2.13 X X
Maximum permissible axial force on thé.threaded inserts or other fixing element 7.2.14 X X
Flatness of the tgst table 7.2.15 X
Perpendicularity ¢f the threaded ifiserts with respect to the plane of the test table 7.2.16 X
Perpendicularity of the plane of \the test table with respect to the axis of the rod 7.2.17 X
Concentricity of @xes (exciterpower take-off) 7.2.18 X X
Coupling toleranges of an‘auxiliary table 7.2.19 X X
Auxiliary equipment
Vibration generator transducers 16-31 7a X
Safety systems, alarm, cut-off and limitation devices 10.3.2 X X
Failure of the electrical supply 10.3.2.1
Failure of the hydraulic supply 10.3.2.2
Electrical level of the input signal 10.3.2.3
Manual emergency cut-off 10.3.2.4 X X
Automatic cut-off by external signal 10.3.2.5

10
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Table 5 — Complete hydraulic vibration generator system (concluded)

Reference to P
Characteristic corresponding Level of description
clause 1 2
~
Installation conditions
General layout 10.4.1 X X
Masses of the main parts of the complete vibration generator system 10.4.2 X X
Foundations for the complete vibration generator system
Orientation device 7.43a) X X
Dynamic characteristics 7.43Db) X
Fixing conditions 743¢c) X X
Power con 10.4.4 X X
Cooling medium 10.4.5 X X
External anfl internal connections 10.4.6 X X
Start-up copditions 10.4.7 X X
Generated $ound power level 10.4.8
Heat dissipfition 10.4.9
Test table temperature 10.4.10
Environmgntal and operating conditions
Installation Jsite 10.5.141 X X
Combined E‘sts 10.5:4.2
Servovalve [control device 10.5.2 X
Hydraulic power supply 10.5.3 X X
Documents 10.6 X X

7 Hydrdulic vibration generators

The hydraulic vibration generator comprises an actuator,a
servovalve gnd, possibly, a static force compensation device.
Schematic gliagrams of a table and power take-off hydraulic
vibration geherator are given in figure 7 in annex A:

The manufacturer shall describe the configuration of the
hydraulic vilpration generator used to achieve the performance
specified in|7.1.1 to 7.1.10. The description shall include the
following information:

a) the fype of generator, with table or power take-off;
b) the fype of bearingfor guiding the actuator rod;

c) the hature of the liaisons between the actuator body
and the base plate;

d) the presence, or not, of a static force compensation;

7.1 General characteristics

The characteristics mentioned in this clause shall be measured
with a large power supply which has a suffidient flow rate in
order not to introduce any limit in the performgnce of the vibra-
tion generator, the delivered pressure being the rated supply
pressure of the generator. Furthermore, thgre shall be low
ripple (pressure noise at input and output fof the vibration
generation less than 1 % of the rated pressurg) in order not to
introduce any disturbance in the operation [of the vibration
generator.

7.1.1 Hydraulic supply conditions
The manufacturer shall specify the following hydraulic supply

requirements for the servovalve input in ordpr to obtain the
characteristics described in 7.1:

a) the pressures and hydraulic flow rateg for the various
generator inputs and outputs (the different stages of the
onr\lr\ual\/n, haari - - Onding npp'e;

e) the presence of an adjustable bypass;
f) the integrated and/or associated transducers;
g) the number of servovalve stages;

h) the number and type of elements constituting each of
the stages;

i) the presence of accumulators, high pressure (HP) or low
pressure (LP).

Furthermore, the manufacturer shall describe, in particular, the
operation process of the servovalve.

b) the hydraulic fluid temperature range;

c) the type and characteristics of the hydraulic fluid (in
particular, its purity, water content and its viscosity) which
can be used in the vibration generator without deterioration
of performance. Its degree of cleanliness shall be specified
in accordance with ISO 4406.

7.1.2 Characteristics of the servovalve

The manufacturer shall describe the type of servovalve supplied
and any attached feedback transducers, with their character-
istics in sufficient detail for the user to specify the requirements
of the servovalve control device needed to drive the servovalve.

1
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The manufacturer shall specify the following electrical
characteristics of the servovalve in order to obtain the
characteristics described in 7.1:

a) the input impedance, including the equivalent series
resistance and inductance;

b) the maximum current, I, required to provide the rated
performance of the vibration generator, and the voltage,
U,,, required to obtain the current I,; the manufacturer
shall show the characteristic voltage and current as curves
as a function of frequency, of which examples are shown in

The use of the vibration generator may be limited at the upper frequen-

cies by the following criteria:

a) the servovalve characteristics;

b) the resonance frequency of the system;

c) the velocity limitations (part of the curve placed between

points @ and @ );

d) the acceleration limitations (part of the curve pl
points @ and @ established, when relevant,
being taken of the leak flow in the bypass);

aced between
with account

e) the servovalve limitations (part of the curve placed to the right

~Stage vatve spring Teturt;

figure 3 for

c) the breakdown voltage between any of the input ter-
minals and metal body of the generator;

d) the chdracteristics and the transfer function of
transducers {ised in the electrical feedback loops;

e) the manufacturer shall also state whether dither (see
5.5.12) is required to achieve the performance specified in
7.1.3 to 7.1.5, and, if it is required, how the dither require-
ment may bg met.

7.1.3 Static force, F;

The manufactufer shall specify the static force (see 5.5.7.1)
within the rated| conditions defined in 7.1.1 and 7.1.2.

7.1.4 Rated vplocity

The manufactyrer shall specify the rated velocity of the
hydraulic vibratipn generator (see 5.5.4) within the rated supply
conditions defirjed in 7.1.1 and 7.1.2 (see figure 4).

If the generator] is fitted with an adjustable bypass) the rated
velocity shall bg defined for the regulation valug of the bypass
indicated by thg manufacturer.

7.1.5 Rated frequency ranges

The manufactyrer shall specify“the frequency ranges cor-
responding to the rated forcey F,,,, (see 5.5.7) for the various
test masses (se¢ 5.4) chosen by the manufacturer.

7.1.6 Limitatipns)of characteristics under sinusoidal

side of point @ or @ );

f) the hydraulic resonance frequencies of the ¢omplete system

(part of the curve placed to the right side of\point

g) the transverse motion of the moving.element.

7.1.7 Limitation of characteristics under ran
conditions

The manufacturer shall@pecify the limits of PSD

Dor@):

Hom

acceleration

which may be applied to different test masses, 11, defined in

5.4, as a curve. Figure 5 gives an example of this

7.1.8 Ratedforce under sinusoidal condition

The manufacturer shall specify the amplitude of th
with, the chosen test masses (5.4) for the frequ
given in clause 7.1.5, with the force of gravity be
sated

curve.

B, Fom[

P rated force
ency ranges
ng compen-

— either by an external system in the vibration generator,

— or by an internal system independant of
force generation.

the dynamic

If continuous operation is not possible in certain cdnditions, for

example for certain test masses or certain frequ
these limits shall be clearly specified.

If rated force applies only to the vibration generatg
the complete system, it shall be clearly specified.

7.1.9 Rated random force, broad-band, F,

The manufacturer shall specify, for all frequency ra
by frequencies f3 and f, (see 5.5.8, 5.5.9 and f

ency bands,

r and not to

hges defined
gure 5), the

rated random force (see 5.5.7.2.2) that the hydraylic vibration

conditions

The manufacturer shall specify the limits of the displacement,
velocity and acceleration of the vibration generator for the dif-
ferent test masses (see 5.4), as a curve. Figure 4 gives an ex-
ample of this curve.

NOTE — The use of the vibration generator may be limited at the lower
frequencies by the following criteria:

a) harmonic distortion;
b) signal-to-noise ratio;

c) maximum piston travel (part of the curve placed on the left side

of point @ ).

12

generator can produce in continuous operation,

7.1.10 Uniformity of the acceleration field of the test

table

The manufacturer shall state the uniformity of the acceleration
field of the unloaded test table as a function of the frequency
giving the acceleration tolerance limits at the fixed points.

In the case of slotted test tables, at least the following two
measuring points shall be selected on the radius:

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

— the worst possible.
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R.M.S. current, I, A

R.M.S. voltage, U, V
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Figure 3 — Example of system and single hydraulic stage servovalve drive requirements
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7.1.11 Trahsverse motion of the test table

The manufacturer shall specify the transverse motion of the
test table or|the power take-off as a function of the frequency
by means of two curves representing the ratio between the
transverse rEotions and the linear motion at the central fixing

point. Each [of the curves shall correspond to one of the two
orthogonal dlirections perpendicular to the axis of the moving
element.

If the centfal point is not accessible, the positionvof the
reference pqint shall be indicated.

The measuré¢ments shall be made at no load-and, if possible, at
rated force| the manufacturer shall indicate the method
employed and the value of the force,

Supplementiary measurements of ‘the’transverse motion, such
as measurerhents with test loads.er measurements away from
the central point, shall be carried out if agreed between the
manufacturgr and the user

7.1.12 Limlitation.of characteristics

The manufa€turer shall specify all factors limiting the

Figure 5 — Example of a power spectral density acceleration (PSD,) profile

—
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7.2.1 Mass

The.manufacturer shall specify the mass of thelmoving element
(see 5.1.1).

7.2.2 Rated travel

The manufacturer shall specify the rated travel of the moving
element (see 5.5.3.1).

7.2.3 Travel between electrical safety deyices

The manufacturer shall specify the travel betwgen the electrical
safety devices, if fitted, or their control ranges.

7.2.4 Travel between stops

7.2.4.1 Simple mechanical stops

The manufacturer shall specify the travel between mechanical
stops (see 5.5.3.2).

characteristi vibratiomgenerator—provided
they are not already made clear elsewhere.

7.2 Moving element

The moving element of a hydraulic vibration generator com-
prises

— a piston (@ in figure 7);
— a piston rod (@ in figure 7);
— a moving table (@ in figure 7);

— atest table (@ in figure 7) or power take-off ( in
figure 7).

7.2.4.2 Mechanical stops with dampers

The manufacturer shall specify either the velocity decay, as a
function of the displacement for different initial velocities and
loads, or the modification of kinetic energy. The manufacturer
shall specify if the damping is internal to the generator.

7.2.5 Normal hydraulic mode frequency

The manufacturer shall specify the normal hydraulic mode fre-
quency with a specified test mass and the method by which itis
derived (see 5.5.6.1). An example of the method for measuring
the normal hydraulic mode frequency is given in clause B.1.

15
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7.2.6 Hydraulic stiffness

The manufacturer shall specify the hydraulic stiffness and the
method by which it is derived. An example of the method for
measuring the hydraulic stifness is given in clause B.2.

7.2.7 Gravity compensation device

If the hydraulic generator contains an integrated gravity com-
pensation device, the manufacturer shall specify the maximum
load which can be compensated and the conditions for
regulating the device over the frequency range given in 7.1.5

7.2.12 Means of attaching the loads or the materials
under test

The manufacturer shall specify the means of attaching the
loads to the moving element (test table or power take-off) and
the maximum tightening torque of the screws.

In the case of test tables, the manufacturer shall state whether
or not replaceable threaded inserts have been used and, if so,
their position relative to the plane of the moving table.

and the various

nditions, such as adjustment of bypass and

gravity compensdtion device.

7.2.8 Permissible loads on the guiding and positioning

devices

7.2.8.1 Maximu

In order to avoid
shall
transverse load,
combination of t

specify Fe

M transverse load

damage to the equipment the manufacturer
maximum permissible instantaneous
nd state whether it is static, dynamic or a
e two.

The maximum transverse load perpendicular to the vibration

axis, imparted at
least three positi
and full stroke).

7.2.8.2 Rated s

he level of the test table, shall be applied to at
ns of the shaft (e.g. zero stroke, half stroke

atic transverse load

The manufacturgr shall specify the static transverse load that
the vibration gengrator can withstand permanently without\any
of its other chardcteristics being affected.

Its point of appli

7.2.9 Transver:
The manufacturg
with respect to
sidered at the leV

Transverse statig

ation is defined in 7.2.8.1.

be static stiffness
r shall specify the transverse static stiffness
he actuator body, \this stiffness being con-
el of the test table:

stiffness.is /made up of two elements: the

transverse stiffn
and the bending

NOTE — In the cas

ss of the_moving element guide mechanism
tiffRess of the actuator rod.

7-2. 13— Recommended Torque on the threaded|inserts
or fixing elements in the table

The manufacturer shall specify the torque.tobe applied to the
threaded inserts or fixing elements.

7.2.14 Maximum permissible ‘axial force on the
threaded inserts or other fixing element

The manufacturer shall specify the value of the maximum per-
missible axial force per threaded insert or fixing element.

7.2.15 Flatness of the test table

The manufdcturer shall specify the overall and local tolerances
with regard to the flatness of the test table under ambient con-
ditiens and stabilized thermal conditions (in accordance
with 7.4.6).

If the inserts are below the plane of the table, the flajness of the
whole surface of the table shall be specified.

If the test table has replaceable projecting inserts, the manufac-
turer shall specify both the flatness of the insert mgunting sur-
face and the thickness tolerance of the insert mounting heads.

7.2.16 Perpendicularity of the threaded inserts with
respect to the plane of the test table

The manufacturer shall specify the perpendicularity tolerance
of the threaded inserts with respect to the plane |of the test
table.

7.2.17 Perpendicularity of the plane of the tesgt table
with respect to the axis of the rod

€ 01 long-travel finear vi MEerarors, the stiff-

ness value should be given as a function of the position of the actuator

rod.

7.2.10 Static friction of moving element

The manufacturer shall specify the forces necessary to over-

come the friction

forces when the moving element is started.

7.2.11 Dimensions of the test table

The manufacturer shall specify the test table dimensions and
supply a dimensioned drawing indicating the fixing point
tolerances and the constituent materials.

16

The manufacturer shall specify the perpendicularity of the plane
of the test table with respect to the axis of the rod.

7.2.18 Concentricity of axes (exciter power take-off)

The manufacturer shall specify the concentricity tolerances of
axes of the exciter power take-off and the rod.

7.2.19 Coupling tolerances of an auxiliary table

The manufacturer shall specify the coupling tolerances be-
tween the auxiliary and the vibration generator.
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7.3 Auxiliary equipment
7.3.1 Vibration generator transducers

7.3.1.1 Generator shaft position transducer

A vibration generator has at least one transducer used as a
mean position feedback control unless position control is ob-
tained mechanically. The manufacturer shall specify, for the
shaft position transducer, the following:

a) the nominal input voltage;

1SO 8626 : 1989 (E)

The manufacturer shall specify the safety system used and, in
each case, shall state whether an alarm or cut-out device is
being used (in certain cases, the same detection system can ac-
tivate an alarm for one threshold and a cut-out device for
another).

The manufacturer shall also specify the procedure and
characteristics of the shut-down. In general, this procedure
should be such that a sudden shut-down which may damage
the test specimen is avoided.

b) the frequency of the input signal;
c) the Lominal input current;

d) the pensitivity, i.e. the ratio of the maximum output
signal (e]g. in millivolts) related to the input signal (e.g. in
volts) to|the position transducers at the rated travel of the
moving ¢lement;

e) the minimum load impedance;

f) the felative phase between the output signal and the
input signal, if necessary.

g) the breakdown voltage.
In the case|of a transducer with incorporated electronics, the

manufacturgr shall also specify the transfer function between the
transducer qutput and the displacement of the generator shaft.

7.3.1.2 Pressure force, velocity or acceleration
transducer

If the vibratipn generator has one or more of these transducers;
the manufagturer shall specify, for each, the following;

a) the pominal input voltage, if applicable;
b) the frequency of the input signal;

c) the input impedance, if applicable;

d) the minimum loading impedance;

e) the |transfer function between the electrical output
(voltage |or current) and the: mechanical input (pressure,
force, vdlocity or accelerationy;

f) the njominal input.signal;
g) the gensitivity {as)in 7.3.1.1 d)].

7.3.2 Cooling'system

7-3:3-+—Endoftravet

This fixed or adjustable safety device may’ bg independent of
the generator shaft position measuring system (by means of
end-of-travel contact), but it may\also make use of it (as in
threshold detection).

7.3.3.2 Actuator force

In order to prevent the actuator working at a greater force than
its rated value,.a-safety device may be fitted which is activated,
for example;,'when the threshold of the prdssure difference
acting on.the piston has been exceeded.

In certain cases, this safety device can be adjusted to suit the
application of the hydraulic vibration generatgr.

7.3.3.3 Bearing temperatures

The manufacturer shall describe a system,| if supplied, to
measure the bearing temperatures and actiate an alarm or
safety device when a set temperature threshold has been reach-
ed.

7.3.3.4 Qil flow rate

The manufacturer shall describe the flow limitgr, if fitted to the
generator or, if required, in the hydraulic power supply.

7.3.3.5 Clogging of the filter

In cases where the hydraulic vibration generator is fitted with
filters, the manufacturer shall specify a system for detecting a
clogged filter.

If there are buuﬁug SYSTETS for—the generator which—are—n=
dependent of the hydraulic power supply, the manufacturer
shall specify their characteristics (see 9.2.6).

7.3.3 Safety systems, alarm and cut-out devices

Two systems may be distinguished according to how they
function:

a) the alarm which attracts attention by means of a visual
or audio signal as soon as an abnormal event occurs and
which leaves the operator to take the necessary action, if
any is required;

b) the cut-out system which brings the installation to a
standstill.

7.3.4 Hoses and cables

The manufacturer shall describe the interconnecting hoses and
cables supplied with the hydraulic vibration generator.

7.4 Installation conditions

7.4.1 General

The manufacturer shall provide dimensioned and toleranced
diagrams of the generator and the auxiliary devices (fluid and
power supply systems, cabling, etc.) and shall specify if any
special tools need to be used for installation.
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7.4.2 Masses of the vibration generator

The manufacturel

a)
b)

c)

the mass

r shall specify the following masses:

the total mass of the vibration generator;

of the pedestal, if fitted;

the heaviest mass to be handled when dismantling a

vibration generator;

d) the mass

7.5 Environmental and operating conditions

7.5.1

Site

The manufacturer shall specify the following permissible condi-
tions under which the hydraulic generator may be used at rated
site conditions without being damaged:

7.4.3 Vibration

If the system inc
the following inf

a) temperature and relative humidity ranges;
of the auxiliary devices, if fitted. b)  cleanliness of the area.
7-5-2—Combined-tests
generator pedestal
When the vibration generator is used in combined

udes a pedestal, the manufacturer shall give
rmation:

ests (vibra-

tion tests carried out jointly with a climatic er-mechanical test),

the manufacturer, if requested by the user, shall
following necessary information:

brovide the

a) for the vilpration generator orientation device: the posi- For the climatic conditions
tioning stops,|the locking device and principle of operation;
b) the dynamic characteristics of the vibration generator a) temperature and.relative humidity rangeg;
pedestal for the two positions (vertical and horizontal); b) permissible absolute pressure range, stafing, where
c) the conditions for fixing the vibration generator necessary, opefation either, with a heat bafrier or in a
pedestal on its foundations, with drawing if necessary. climatic chamber.
. . For centrifugal acceleration
NOTE — Attentidn is drawn to the importance of the dynamic
characteristics of the foundations with respect to the efficiency of the a) ~maximum permissible continuous accgleration of
installation, accoupt being taken of the frequency range of the the vibration generator for all three dimensigns;
hydraulic generatofs, and, in particular, with respect to the quality of
the mechanical corjnection between the foundation and the generator. b) specification of the acceleration cofnpensation
system, if fitted.
7.4.4 Generatgd sound power level
7.6 Documents
The manufacturgr shall specify the mz?l)‘(lmum sound pf;vxf/.er The manufacturer shall list the documentation prgvided with
level of the vibraion generator and auxiliary equipment, II 'tc; the hydraulic vibration generator. Documentation might in-
ted, dunng' operption under .con'dmons of maximum*no-loa clude the following items:
(load mg) sinusoidal acceleration in the rated frequency range.
a) schematic diagram and description of thg hydraulic
The manufacturdr shall use the measuring method specified in generator with its auxiliary equipment);
ISO 3746. If it cagnnot be used, the manufacturer shall clearly b) characteristics;
explain the methpd used. ]
c) operating mode and control;
7.45 Heat dis$ipation d) layout conditions and diagram;
e) details on conditions for fixing the pedestal [see 7.4.3);
If.regue'-sted by tH e user, the'manufacturer shall spemfy the heat f) connecting and cabling diagram;
dissipation of the]vibration\generator, together with the thermal
stabilization time] under rated conditions. g) overall diagram and nomenclature of the spare parts;
B . _ h) assembly and dismantling instructions:
If auxiliary devices are used, the heat dissipation of these o ] ]
devices shall be specified separately. i) list of special tools, if necessary;
j) start-up and maintenance;
7.4.6 Test table temperature k) preferred list of spare parts recommended by the
manufacturer;
If requested by the user, the manufacturer shall specify the test ) . tal and . ditions:
table temperature for the stabilized conditions corresponding to environmental and operating conditions;
the maximum temperature of the moving element. m) any other information.

18


https://standardsiso.com/api/?name=261aedd3df0ecdcc9066a50d6ca83af6

8 Control system

In the context of this International Standard, the control
system comprises

a) the hydraulic vibrator servovalve control device;

b) the control and protection panel;

c) auxiliary equipment;

d) all devices used to turn on and off, protect, and provide

failure or
generator

other alarms for the complete hydraulic vibration

1ISO 8626 : 1989 (E)

i) common mode rejection;

j) input protection circuit level and

possibilities.

adjustment

8.1.2 Modulated input characteristics

Where applicable, the manufacturer shall specify the following
characteristics for each modulated input:

a) maximum and minimum ranges of the input voltage in

pystenT

The components of the control system are normally mounted in
a control console with signal sources, such as oscillators and
displacement| velocity and acceleration display devices which
are not coverpd by this International Standard.

Occasionally,
may be mou

some of the components of the control system
ted on the hydraulic fluid power supply or the

hydraulic vibration generator. Some manufacturers provide the
on-off contrdl and protection functions on a panel separate
from the servipvalve control and other manufacturers integrate
the on-off coptrol and protection functions with the servovalve
control functfons into a single, panel-mounted chassis.

The user sho

\ld refer to the whole of this clause, even though

he may be specifying only one the devices included. Attention
shall be given to the alarm transfer and interlock, if the
hydraulic vibfation generator system is supplied by different
sources (manufacturers).

8.1 Servo

valve control device

The manufacturer shall describe the operation of the servovalve

control devic
description o
in annex D).

The manufac
device listed

b preferably in the form of a block.diagram with a
the operation of each of the blocks (see figure 10

urer shall specify the characteristics of the control
n8.1.1to 8.1.13.

8.1.1 Unm¢dulated input-characteristics

Where applicable, thexmanufacturer shall specify the following
characteristiT fof.each unmodulated input:

8.1.3 A.C. source output characteristics

tull scale (mV/V) tor tull output;
b) range of the input sensitivity adjustmént control;

c) gain stability, as a function of. téemperature and mains
voltage;

d) range of zero shift adjustment;

e) zero stability, as a_function of temperature and mains
voltage;

f) range of quadrature voltage compensation;

g) frequeney,“range of
demodulator filter;

the system, [including the

h) filter'corner frequency adjusting range;
i) cinput impedance;
i)* common mode rejection;

k) input circuit level anfd

possibilities.

protection adjustment

For each a.c. source output to transducers, the manufacturer
shall specify the following characteristics:

a) frequency;

b) range of frequency adjustment;
c) frequency stability;

d) voltage;

e) range of voltage adjustment;

f) voltage stability;

g) maximum continuous current;

a) minimum and maximum ranges of the Input voitage;

b) range of the input sensitivity adjustment control;

c) gain stability, as a function of temperature and mains

voltage;

d) range of zero shift adjustment;

e) zero stability, as a function of temperature and mains

voltage;

f) frequency range, maximum and minimum, to d.c. if

usable;

g) internal filter response;

h) input

impedance;

h)  output configuration, usually referenced to earth,
balanced to earth, or a floating transformer secondary, with
or without centretap;

i) any provisions for short-circuit protection.

8.1.4 D.C. source output characteristics

For each d.c. source output to transducers, the manufacturer
shall specify the following characteristics:

a) voltage;

b) range of voltage adjustment;
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c) voltage stability;
d) residual noise voltage;
e) maximum current;

f) output configuration, usually unidirectional (plus or
minus only) or balanced to earth (equal plus and minus);

g) any provisions for short-circuit protection.

8.1.5 Dither characteristics (see 5.5.12)

If a dither oscill
to supenmpose a dither S|gnal on the servo-valve drive to
reduce ‘‘stick ffiction”” or “silting’’, the manufacturer shall
specify the following characteristics:

a) dither frgquency;
b) range of] dither frequency adjustment;
c) dither amplitude;
d) range of| dither amplitude adjustment;

e) circuitry to reduce automaticaliy the dither as frequency
increases, and if so, the frequency above which dither is
absent.

8.1.6 Charactpristics of output to servovalve
The manufacturer shall specify the following characteristics:

a) output current, both d.c. and a.c.;
b) output Voltage, both d.c. and a.c.;
c) output ifnpedance;

d) frequendy range;

e) any provisions for short-circuit protectiony

8.1.7 Charactgristics of primary inputs/(from signal
sources)

The manufacturgr shall specify(the’required control device in-
put voltage rande in order to\@btain the current or voltage of
the servovalve fontrol device stated in 8.1.6, the feedback
loops being on Zero.

8.1.8 Maximum-irput-voltage

8.1.10 Total distortion, d

If requested by the user, the manufacturer shall specify the
total distortion, d, for the rated output quantity, with the out-
put ioaded with a resistance which enabies the rated quantities
stated in 8.1.7 to be obtained.

8.1.11 Signal-to-noise ratio

If requested by the user, the manufacturer shall specify the
tio, measured at the Output of the controi
nped the inputs

source im-

P PRy IR

t
signal-to-noise ra

themselves being loaded W|th their maximppum
pedance.

8.1.12 Stability of the output quantity for a zero input

With the inputs loaded with_the source maximum|impedances
and the output loaded with_rated impedance, the manufac-
turer, if requested by the‘user, shall specify the degflection, ex-
pressed as a percentage;-of the output quantity fropm the rated
output value.

It shall be specified as a function of the temperature and the
supply voltage of the control device, which shall Qe within the
limits stipulated in the operating conditions (see §.4).

81.4 Gain stability

For each input, the manufacturer, if requested by the user,
shall specify the gain stability which shall be deterrpined by the
percentage variation of the output quantity as a fufction of the
ambient temperature and the supply voltage unde} the follow-
ing conditions:

a) with the control device loaded with rated| source and
output impedances;

b) with the stabilization devices, if requiregl, having a
specified value;

c) with the sources supplying signals of set|frequencies
and constant amplitudes corresponding to a fated output
quantity;

d) with the temperature and supply voltage vdrying within
the limits stipulated in 8.4.

The manufacturer shall specify the maximum voltage which
may be applied to each input without deterioration in perfor-
mance.

8.1.9 Transfer functions

The transfer functions from the primary and auxiliary inputs to
the output shall be determined for the linear operation of the
device.

If the gain is adjustable, the range shall be specified.
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8.1.14 Limitation of characteristics

The manufacturer shall specify all the factors limiting the
characteristics of the servovalve control device provided they
are not already made clear elsewhere.

8.2 Control and protection panel

The manufacturer shall describe the control and protection
device stating what controls are provided to start and stop the
system, turn off/on the coolant and what protective circuits
and protective interlocks are provided.
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8.3 Auxiliary equipment

The manufacturer shall describe the functions and
characteristics of the auxiliary equipment necessary for the
operation of the servovalve control device when such equip-
ment is fitted.

8.4 Installation conditions

The manufacturer shall specify the following requirements for
installing the control device:

1SO 8626 : 1989 (E)

9.1 General characteristics

The manufacturer shall describe the components supplied and
shall state their characteristics.

The hydraulic power system shall be in accordance with the
specifications laid down in ISO 4413.

9.1.1 Drive motor characteristics

The manufacturer shall specify the following characteristics:

a) the required power supply (voltage, current, frequency,
power corjsumption, any cooling requirements, etc.);

b) space|required;

c) connection methods (types of connection, length and
type of caple, etc.);

d) envirdnment which meets the conditions specified
in 8.5.

8.5 Envirdnmental and operating conditions

The manufacturer shall specify the permissible conditions in
which the cqntrol device(s) may be used, by supplying the
following infqrmation:

a) tempdrature and relative humidity ranges;

b) permipsible electromagnetic disturbances;

c) variatjons in the mains power supply for which the rated
operating | conditions of the control device(s) \lare
guaranteefl.

8.6 Documents

The manufadturer shall list the documentation provided with
the servovale control device. Docunientation might include
the following|items:

a) schenmpatic diagram and) description of the control
device(s);
b) operating modetand control;

c) layout conditiens and diagram;

d) conngcting and cabling diagram;

a) the type of drive motor (electric mater| internal com-
bustion engine, etc.);

b) its rated characteristics (speed,“woltage, current and
frequency for an electric motor;,€te.).

9.1.2 Flow rate/pressure-characteristics of the power
system

9.1.2.1 The manufacturer shall specify the flow rate, g, (see
5.5.2), and the supply pressure, p, (see 5.5.1), for the hydraulic
power systenn:

9.1.2.2 “Jfrequested by the user, the manufadturer shall pro-
vide the curve of the maximum flow rate availabfle as a function
of*the supply pressure for the rated power of the motor.

9.2 Characteristics of the equipment

9.2.1 Hydraulic fluid

The hydraulic fluid, generally mineral oil, shallf be compatible
with the different components of the installatign, in particular
the seals.

The type of fluid shall be specified by its rdference or the
following physical characteristics:
a) dynamic or kinematic viscosity;
b) operating temperature;
c) density;
d) bulk modulus;

e) pH-value (compatible with the materials|in contact with
the fluid);

e) installation conditions;
f) nomenclature of the spare parts;

g) preferred list of spare parts recommended by the
manufacturer;

h) environmental and operating conditions;

i) any other information.

9 Hydraulic power system

A schematic diagram of the hydraulic power system is given in
figure 8 in annex A.

f) flash point;
g) de-aeration capability.
The manufacturer shall specify the types of hydraulic fluids

which may be used in the hydraulic power system and state the
types of fluids which are recommended in particular.

9.2.2 Reservoir

The fluid reservoir is characterized by its volume which shall be
adequate to allow the oil to recover its characteristics during its
passage through the system with particular attention being
paid to its de-aeration (demulsification) and its cooling.
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The manufacturer shall specify the following parameters affect-
ing the fluid:

a) the useful volume of the reservoir, the latter complying
with the local regulations;

b) the ratio between the maximum volume flow rate and
the volume of the reservoir;

c) the minimum level of oil and the time it takes to pass
through the reservoir.

The manufacturer shall also state if the reservoir has:

c) pressure drop;
d) filter mesh size.
The purity of the fluid shall be stated by the manufacturer with

reference to 1ISO 4406; the purity of the fluid shall be compati-
ble with that specified in accordance with 7.1.1.

9.2.6 Heat exchanger

The hydraulic fluid temperature shall be stable under the most
severe operating conditions and in continuous operation.

— a ventilation orifice with or without a filter;

— a filling |hole with plug and possibly filter;

— one or |several drainage holes and hatches to allow
periodic clegning of the reservoir.

9.2.3 Hydraulic pump

The manufacturer shall specify the type of hydraulic pump used
(vane pump, ggar pump or piston pump, depending on the
desired pressurg level), and whether the flow rate is fixed or
variable. The manufacturer shall state if the high-pressure
pump is suppligd by a low-pressure (boost) pump, and, if so,
the type.

regulator

The manufactufer shall state whether the regulator is incor-
porated in the gump or is separate from the pump and fitted on
its discharge pipe. The manufacturer shall also specify the
mode of contro| (manual or automatic) and action {proportional
or on-off).

The pressure fegulator shall be specified by the following
characteristics:

a) pressurg control range;

b) pressurg stability, as a function of time and of flow rate
fluctuations

c) responsg time to a step charige in flow rate.

9.2.5 Filter system

The filter systerp can be'at'one or several of the following levels
specified by the matufacturer:

a) filling filter;

The manufacturer shall specify
a) the optimum temperature level, 'and th¢ upper and
lower hydraulic fluid temperature limits;

b) the type of heat exchangersed (natural of forced con-
vection, air-coolant, heat-exchanger using p secondary
fluid) and its mode of operation (continuous or|two points);

c) the ranges of pressure for the fluids, upstream and
downstream of the exchanger;

d) the maximhum and mean permissible flow [rates for the
cooling fluid{ at rated oil flow, as a functlon of input
temperature of the cooling fluid;

e) characteristics of cooling medium to be uged;
f)<_for air cooled units, the maximum ambient femperature;

g) the maximum amount of power dissipated as heat,
which shall be function of the power absorbed by the
hydraulic pump.

9.2.7 Accumulators
The manufacturer shall specify, for each accumulator,

a) maximum operating pressure;
b) capacity;

c) inflation pressure;

d) whether any periodical checks have to be|made;
e) type of gas.

The accumulators shall satisfy the inspection critefia laid down
by the regulations in force.

b) suction filter at the pump inlet;

c) high-pressure filter, in the pump discharge circuit;

d) return filter, at the reservoir inlet;

e) Dbypass filter.
The manufacturer shall specify the type and location of each
filter provided. The manufacturer shall also specify the follow-

ing characteristics, some of which depend on the type of fluid
and its temperature:

a) maximum permissible flow rate;

b) maximum permissible pressure;

9-2:8—Interconnections
The manufacturer shall define the interconnection system

(high-pressure supply, return and drainage pipework) between
the hydraulic power system and the actuator.

9.3 Auxiliary equipment

9.3.1 Accessories
The manufacturer shall specify the accessories required:

a) the sampling equipment necessary for checking the
degree of contamination of the hydraulic fluid in the circuit;
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b) any thermostatic valve on the heat echanger;

c) various pumps for charging the main pump, if
necessary, for making up leakages, etc.;

d) a filter, with or without desiccator, for air which has
leaked into the reservoir.

e) de-aerator.

9.3.2 Indicating equipment

The manufacturer shall state whether the following equipment

ISO 8626 : 1989 (E)

9.4.3 Power consumption

If an electric motor is used, the manufacturer shall specify the
power consumption of the system under stabilized conditions
as a function of flow rate and supply pressure, pg (see 5.5.1).
The manufacturer shall also specify the peak start-up current
and its duration. Where appropriate, the manufacturer shall
supply curves of power consumption as a function of hydraulic
fluid pressure and flow.

If an internal combustion engine is used for driving the pump(s)
of the hydraulic power system, the manufacturer shall specify

is provided [amd—where—the—correspomndinmg—information—is
available (or] site or in a remote location):
a) the High- and low-pressure gauges capable of isolation;
b) the feservoir level gauges;

c) the fhermometer indicating the temperature of the
hydraulid fluid in the reservoir.

9.3.3 Safety systems, alarms and cut-out devices

The manufalturer shall specify the safety system used and, in
each case, shall state whether an alarm or cut-out device is
being used {see 7.3.3), for example, by giving details about

a) thermostat;

b) pressure switch (hydraulic fluid pressure and, possibly,
secondatly fluid pressure in the heat exchanger);

c) maximum and minimum level (for example, a device for
detecting any secondary fluid in the hydraulic fluid circuitin
the heat|exchanger);

d) filter clogging indicator;

e) a digtributor permitting the hydraulic power System to
be isolatpd from the generator by allowing\it to drain into
the resernvoir;

f) a disfributor permitting the vibratien generator(s) to be
isolated if there is damage to the.pipe or break-down of the
completg system.

9.4 Instajlation conditions

9.4.1 General

The manufacturer' shall provide layout diagrams of the
hydraulic pqweér/system, in particular the layout diagram speci-

the hourly consumption of fuel and the electriq power consum-
ed by the auxiliary devices necessary_for-~qQperation of the
system.

9.4.4 Connections

The manufacturer shall provide references and dimensions of
the following connections”

a) hydrauli¢ fluid filling port;

b) hydfaulic fluid outlet port;

c) ¢return ports to the reservoir;

d)~ auxiliary ports (for example, drains);
e) electrical connections;

f) secondary fluid circuit connections (coplant, etc.).

9.4.5 Start-up and maintenance

Attention is drawn to the importance of the start-up procedure
of the installation as well as the procedure for flushing and
cleaning the circuits when starting up.

The manufacturer shall state how often the fhydraulic power
system is to be emptied, and shall specify the procedure for
checking for pollution of the hydraulic fluid (with the intervals
between checking), the procedure for checking the degree of
clogging of the filters and the conditions for rgplacing the car-
tridges.

9.4.6 Generated sound power level

fying the fixing elements (sockets, anti-vibration mounts, etc.)
and the dimensions of the fixing points. The manufacturer shall
specify the space required around the power system to allow
maintenance and repair.

9.4.2 Mass of the main parts of the hydraulic power
system

The manufacturer shall specify the following masses:

a) the mass of the main parts of the complete hydraulic
power system;

b) the heaviest mass to be handled when dismantling any
part of the hydraulic power system.

The manufacturer shall specify the generated sound power
level for the maximum flow rate and pressure of the hydraulic
power system.

The manufacturer shall use the measuring method specified in
ISO 3746. If it cannot be used, the manufacturer shall clearly
explain the method used.

9.4.7 Heat dissipation

The manufacturer shall specify the maximum thermal power
discharged into the room for the rated flow rate and supply
pressure, ps.
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9.4.8 Cooling medium requirements
The manufacturer shall specify:
a) the maximum quantity of cooling medium per time unit

(in litres per minute) as a function of input temperature;

b) the temperature range for the required cooling medium
input;

c) the pressure range for the cooling medium input;

d) the chemical requirements for the cooling medium (e.g.

10 Hydraulic vibration generator system

The hydraulic vibration generator system comprises a hydraulic
vibration generator, a servovalve control device and a hydraulic
power system.

The characteristics specified in this clause apply to the
hydraulic vibration generator system and should not be applied
to individual components. For each of its elements, the
manufacturer shall specify the characteristics laid down in the

corresponding clauses (see clauses 7, 8 and 9).

pH-value, hardness).

LA LY SR LE- 18 1 £% .

9.5 Environmental and operating conditions

the hydraulic pojver system to allow operation under rated con-
ditions. The mpnufacturer shall also specify the following
characteristics:

The manufacturE shall specify the free space necessary around

a) permissible temperature-relative humidity range;

b) required|air flow rate (independently of any flow rate in
the heat exchanger);

c) limit altifude, where relevant;

d) permissible range of variation in the characteristics in
the electrical|supply (frequency and voltage);

e) in the cdse of an internal combustion engine,

— the flow rate of the air supply to the engine,

— the germissible temperature-relative humidity range
of this air|

— the f{ltration conditions.

9.6 Documents

The manufacturer shall list the documentation provided with
the hydraulic power system. Docunientation might include the
following items:

a) schematfc diagram”™and description of the hydraulic
power systern;

b) characteyistiCs_of the system and equipment (see 9.1
and 9.2);

Hydraulic vibration generator systems shall be tested using the
test masses, m, (see 5.4).

10.1 General characteristics

10.1.1 Static force, F,

The requirement laid dowrnin-7.1.3 for generators also applies
to the complete vibration 'generator system.

10.1.2 Rated yvelocity

The requiremient laid down in in 7.1.4 for generafors also ap-
plies to the tomplete vibration generator system.

10,23 Rated frequency ranges

The requirement laid down in 7.1.5 for generators|also applies
to the complete vibration generator system.

10.1.4 Limitations of characteristics under sihusoidal
conditions

The requirement laid down in 7.1.6 for generators|also applies
to the complete vibration generator system.

10.1.5 Limitations of characteristics under rgndom
conditions

The requirement laid down in 7.1.7 for generators|also applies
to the complete vibration generator system.

10.1.6 Rated force under sinusoidal conditiofs, F,,

c) operating mode, control, start-up and maintenance
(see 9.4.5);

d) layout conditions and diagram (see 9.4.1);

e) connecting and cabling diagram;

f) overall diagram and nomenclature of the spare parts;
g) assembly and dismantling instructions;

h) preferred list of spare parts recommended by the
manufacturer;

i) environmental and operating conditions;

i) any other information.
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The requirements laid down in 7.1.8 for generators also apply
to the complete vibration generator system.

10.1.7 Rated random force, broad-band, F

The requirement laid down in 7.1.9 for generators also applies
to the complete vibration generator system.

10.1.8 Uniformity of the acceleration filed of the test
table

The requirements laid down in 7.1.10 for generators also apply
to the complete vibration generator system.
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10.1.9 Transverse motion of the test table

The requirements laid down in 7.1.11 for generators also apply

to the compl

ete vibration generator system.

10.1.10 Limitation of characteristics

The requirement laid down in 7.1.12 for generators also applies

to the compl

ete hydraulic vibration generator system.

10.1.11 Total distortion, d (see 5.5.10.1)
The manufagturer-shai-speeify-the-distortion-and-state-whether

it is displacement, velocity or acceleration distortion.
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10.1.14  Signal-to-noise ratio (see 5.5.11.3)

The manufacturer shall specify the signal-to-noise ratio as
defined in 5.5.11.3.

10.1.15 Dither

The manufacturer shall specify whether dither (5.5.12 and
8.1.5) is required to achieve the characteristics specified in
10.1.1 to 10.1.7 and, if it is required, how the dither require-
ment may be met.

The manufagturer shall alsc specify the frequency band-width
of the signall being analysed, including any filters used.

The total distortion, d, shall 2e measured at the operating limits
of the hydralilic vibration generator (rated displacement, rated
velocity and |rated acceleration).

10.1.11.1 No-load test

The manufafturer shall specify the acceleration distortion of

the unloade
exciter powe
the useful fr

The distortid
tion of the fr
the normal

manufacture
frequency ra

10.1.11.2 T

The manufg
under the sa
different test
mum values

, vibration-generator test table or the unloaded,
r take-off for the rated force characteristics and in
pguency range.

In shall be indicated by means of curves as a func-
bquency at the rated force and at a tenth of this for
hydraulic mode damping value stipulated by the
I. The limits of this curve are defined by the rated
hges (see 7.1.5 and 7.1.6).

lest under load

cturer shall specify the acceleration distortion
me conditions as laid down in 105841.1, but with
loads. The distortion should, be.recorded at maxi-
of displacement, velocity and.acceleration and, in

particular, at the velocity/acceleration) breaking point cor-

responding t

The manufa
at a half and

10.1.12 Ba

The manufa

p the maximum amount of power produced.

turer may also specify the acceleration distortion
at a quarter of\the maximum acceleration.

Ckground-noise (see 5.5.11.1)

turersshall specify the acceleration and displace-

ment backgr
test table o

pund noise values as r.m.s. and peak values on the

10.1.16 Input characteristics of the com;Jlete hydraulic
vibration generator system

The manufacturer shall specify the input chargcteristics of the
complete hydraulic vibration generator system|.

The required input voltagesand the minimum ihput impedance
for the frequency rangé\between f,.i, and f;,.«shall be given in
particular.

10.1.17 Output force stability

The manufacturer shall specify the change in qutput force (F;
or Foz,) for a 10 % variation in the supply voltage applied to the
complete hydraulic vibration generator system

10.1.18 Transient motion of the moving dlement

The manufacturer shall specify the maximyim values and
characteristics of transient motion of the moving element under
the following conditions:

a) normal start-up conditions;

b) normal shut-down conditions;

c) operation of safety systems, if fitted;

d) in the case of a sudden disconnection pf the supply to
all or part of the complete hydraulic vibration generator
system.

The measurements shall be carried out, with tHe test mass and
the feedback loop control being specified.

10.1.19 Servosystem stability

r power take-off. The manufacturer shall also

specify the frequency band in which this measurement is to be
taken under no-load conditions with zero signal input, the input
being loaded with an impedance equivalent to the maximum
source impedance.

10.1.13 Op

If requested
operational

analysis) in
measuremen
no-load and
velocity and

erational noise (see 5.5.11.2)

by the user, the manufacturer shall specify the
acceleration and displacement noise (spectral
addition to the frequency band in which this
t is to be taken for the two types of test, i.e. with
under load, at the rated values of displacement,
acceleration.

The manufacturer shall specify the method used to obtain the
servosystem stability.

If an adjustable leakage is used to obtain this stability or to
reduce the distortion, the manufacturer shall specify the maxi-
mum leak rate for the maximum force and how it affects the
maximum velocity.

If an electric stabilization method is used, the manufacturer
shall describe how the signals to be provided from the
transducers to the various feedback inputs are used (such as
the actuator rod displacement, the actuator rod and pilot spool
velocity, the slave spool displacement, the piston differential
pressure and the table acceleration).
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10.1.20 Mean position deflection under load

The manufacturer shall specify the mean position deflection
defined in 5.5.14 under the permissible static load, F;, defined
in 5.5.7.1.

10.1.21 Gravity compensation device

The requirement laid down in 7.2.7 for generators also applies

to the complete vibration generator system.

10.2 Moving element

example, on detection of a specimen response threshold. In
this case, the operating conditions and the mode of operation
shall be provided in the documentation (see 10.6).

10.4 Installation conditions

10.4.1 General layout

The manufacturer shall provide dimensioned and toleranced in-
stallation drawings of the complete vibration generator system
and of the auxiliary devices (fluid and power supply systems,
cables, etc.). The manufacturer shall specify the individual

The requiremenls laid down in 7.2 for generators also apply to
the complete hydraulic vibration generator system.

10.3 Auxiliafy equipment

items, and preparations the user has to make, ingluding items
which the user has to supply.

He shall specify the necessary free space around [the different
parts of the whole system.

10.3.1 Trans
vibration gen

The requireme

cers built into the complete hydraulic
ator system

s laid down in 7.3.1 for generators also apply

to the completq hydraulic vibration generator system.

10.3.2 Safety|systems, alarm, cut-off and limitation

devices

In addition to the individual alarm and cut-off devices of the
hydraulic vibratipn generator (see 7.3.3), the servovalve control

device (see 8.2

and the hydraulic power system (see 9.3.3)

and all limitatign devices, the manufacturer shall specify the

devices used f

r the complete hydraulic vibration generator

system. The manufacturer shall specify in each case whether

an alarm, a cut

off or a limitation device is used (see 7.3.3):

10.4.2 Masses of the main_parts of the com
vibration generator system\(see 7.4.2 and 9.4.

blete
)

The manufacturer shall specify the following maspes:

a) the mass of(the main parts of the complete vibration

generator system;

b) the heaviest mass to be handled when dis|

mantling any

part ofcthe*’complete vibration generator system.

10.4:3\. Foundations for the complete vibratign

generator system

The requirements laid down in 7.4.3 for generators also apply

to the complete hydraulic vibration generatol

system. |If

necessary, the manufacturer shall specify the fqundation re-

10.3.2.1 Failure of the electrical suppiy

The manufactufer shall specify the sequence of*events in the
case of a failurg of the electrical supply.

10.3.2.2 Failufe of the hydraulic supply
The manufactufer shall specify the)sequence of events in the

case of a failyre of the hydraulic supply to the vibration
generator.

10.3.2.3 Electtical Jevet-of the input signal

The manufactuger-shall specify the maximum input signal level

quirements for the complete system.

10.4.4. Power consumed

When the complete hydraulic generator is being used under
rated conditions, the manufacturer shall specify the electric
power consumed under stabilized conditions apd the peak
start-up power of the hydraulic power system.

NOTE — If a thermal motor is used for driving the pump(s) of the
hydraulic power system, the manufacturer should specify its hourly
consumption of fuel as well as the electrical power rgquired for the
complete system.

10.4.5 Cooling medium

The manufacturer shall specify the cooling media requirements.

which could not cause the jack to operate beyond its rated
characteristics. In certain cases, there is also a safety device for
loss of input signal; the manufacturer shall state its mode of
operation.

10.3.2.4 Manual emergency cut-off

The mode of operation of this safety device which may be ac-
tivated by the operator shall be specified by the manufacturer.

10.3.2.5 Automatic cut-off by external signal

The manufacturer shall specify whether the user has the
possibility of cutting in one or several extra safety devices, for
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The requirements laid down in 9.4.7 and 9.4.8 also apply to the
complete hydraulic vibration system.

10.4.6 External and internal connections

The manufacturer shall specify the references and
characteristics of the external electrical and hydraulic connec-
tions necessary for the complete generator and of the connec-
tions between the different parts of the system, including con-
nections for the cooling medium.

NOTE — The attention of the user is drawn to the importance for cor-
rect operation of the dimensional characteristics (diameter, length, sur-
face roughness, radius of curvature) and of the constituent materials of
the hydraulic connections.
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10.4.7 Start-up conditions

The manufacturer shall specify the start procedure of the com-
plete hydraulic generator system and the cleaning procedure
(rinsing, etc.) for the hydraulic circuits. This procedure applies
to the first start-up following an intervention on the hydraulic

1ISO 8626 : 1989 (E)

10.5.1 Hydraulic vibration generator

10.5.1.1 Installation site

The requirement laid down in 7.5.1 applies in this case.

system.

10.4.8 Generated sound power level

The manufacturer shall specify the maximum sound power

10.5.1.2 Combined tests

The requirement laid down in 7.5.2 applies in this case.

10.5.2 Servovalve control device

no-load sinus

idal acceleration of the moving element unload-

level for each}:part of the complete generator for the maximum

ed and with t

The manufact
1ISO 3746. If i
explain the m

10.4.9 Heat|

The manufact]
the hydraulic
(7.4.5) under
stabilization ti

If auxiliary dey
shall be speci

10.4.10 Test

If requested b
table tempera

e vibration system being supplied at pressure p.

urer shall use the measuring method specified in
cannot be used, the manufacturer shall clearly
bthod used.

dissipation

urer shall specify the maximum thermal power of
bower system (9.4.7) and the vibration generator
rated conditions, in addition to the thermo-
me.

ices are used, the thermal power of these devices
ied separately.

table temperature

y the user, the manufacturer shall specify the test
ure for stabilized conditions corresponding to the

maximum tenjperature rise of the moving element.

10.5 Envir

As the permis
for each of
generator sys
operating con

bnmental and operating conditions

sible environmental(¢conditions may be different
the elements which constitute the vibration
em, the manufacturer shall describe the precise
ditions of each™of these sub-units.

The requirement laid down in 8.5 applies in thisl case.

10.5.3 Hydraulic power supply

The requirements laid down in 9.5vapply in this|

10.6 Documents

The manufacturer shallnlist the documentation
the hydraulic vibration generator system. |
might include thefollowing items:

a) schematic diagram and description incl
equipment;

bh“characteristics;

c) operating mode and control;
d) layout conditions and diagram;
e) details on site conditions of the foundatig
f) connection and cabling diagrams;
g) overall diagram and nomenclature of thg
h) assembly and dismantling instructions;
i) list of special tools, if necessary;

j) start-up and maintenance;

k) preferred list of spare parts recomm
manufacturer;

I) environmental and operating conditions;

m) any other information.

case.

provided with
Documentation

uding auxiliary

ns (see 7.4.3);

b spare parts;

ended by the
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NOTES NOTES

1 The movirl]g element is made up of the piston @ , the rod @ 1 The moving element is made up of the piston D , the rod @
and the moving table @ , including the test table. and the power take-off .
2 The actuafor body @ and the pedestal @ can be connected 2 The actuator body @ and the pedestal @ can be connected
by means of frunnions or spherical mountings. by means of trunnions or spherical mountings.

a) Hydratlic linear vibfation generator with test table b) Hydraulic linear vibration generator withi power take-off
Key

Piston| (useful cross-section A4) Servovalve control coil

Servovaive Movingtabte
Guide Test table
Rod Threaded insert

Seal and leakage displacement transducer Power take-off

Snubbers Body of the actuator
Positional displacement transducer Adjustable bypass

High-pressure supply Baseplate

@EOEEOEOWEO
PRREEEEDE

Pedestal Foundations or reaction mass

Figure 7 — Hydraulic linear vibration generator
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Reservoir
Hydraulic pump

Pressure-r¢lief valve (safety valve)
Filter
Heat exchgnger

Accumulator

Level indichtor-and temperature indicator

Detector of minimum-maximum level
High-pressure gauge

Pressure regulator (adjustable)

Pressure switch

Thermostatic valve

Control valve (isolates the power system)

Motor

Figure 8 — Schematic diagram of a hydraulic power system (given as an example)
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Annex B

Methods for measuring or calculating various vibration generator
parameters

B.1

(This annex forms an integral part of the standard.)

Measuring the frequency of the normal

where

hydrauli

mode, foh

The generatpr, operating at no load (m, = my), is supplied at

constant pr
The generat
of the frequ
coil.

The frequen

ssure.

r of this mass, m,, in motion is taken as a function

ency for a constant current (/) in the servovalve

Ly of the hydraulic resonance, f,;, may be derived

from the response curve H{(f).

NOTES

1 If there is 4
the generator

2 The relatiy
preferably wit
be measured
transducer ag
measuring ran
ed for. Meas\
possible if thq
known.

3 If the hydr
the servovalvg
for determinin
y.

Hh(S) =

hydraulic damping circuit between the two chambers of
this may be removed for measurement purposes.

e velocity between the cylinder and the rod is measured
h a velocity transducer of the inductive type. It may also
by differentiation using an internal linear displacement
long as the cut-off frequency of the displacement
ge is at least twice the normal hydraulic frequency allow-
ring the velocity with an acceleration transducer is only.
normal modes of the generator and seismic mass_are

ulic frequency is adjacent to or outside the pass-band of
, it has to be taken into account and ascorrection made
g the hydraulic transfer function, H, (s);\as follows:

7,(s)

VV(S)

s is the Laplacian operator;
Hh(S)

qy is the flow rate generated by thejsetvoval
qy, is a function of I, where I is the servovaly

is the hydraulic transfer function;

With the servovalve transfer function given by

qyls)

Hyls) =
d

by cancelling out g,

Hy(s) = Hls)

Iy Hls)
As I, is constant, it is adequate to multiply H,(s) byf
servovalve transfer function.

In.general, a servovalve current equal to one-tenth o
is selected.
B.2 Measuring the hydraulic stiff
It is not generally possible to measure the hy
directly. It is derived from measuring the frequ
mal hydraulic mode, fy,.

It is determined using the following equation:

kn = (mg + m,) 2rf )2

e. This flow rate,
e current.

the inverse of the

f the rated current

ness, kp

draulic stiffness
ency of the nor-
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