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Introduction

Passive vibration isolators of various kinds are used to reduce the transmission of vibrations. Examples are automobile
engine mounts, elastic supports for buildings, elastic mounts and flexible shaft couplings for shipboard machinery and
small isolators in household appliances.

This part of ISO 10846 serves as an introduction and a guide to parts 2 to 5 of ISO 10846, which describe
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Acoustics and vibration — Laboratory measurement of
vibro-acoustic transfer properties of resilient elements —

Part 1:
Principles and guidelines
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2 Normative reference

The following standard contains provisions which, through reference in this text, constitute provisions of this part of
ISO 10846. At the time of publication, the edition indicated was valid. All standards are subject to revision, and parties
to agreements based on this part of ISO 10846 are encouraged to investigate the possibility of applying the most
recent edition of the standard indicated below. Members of ISO and IEC maintain registers of currently valid
International Standards.

ISO 2041:1990, Vibration and shock — Vocabulary.
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3 Definitions

For purposes of this part of ISO 10846, the definitions given in ISO 2041 and the following apply.

3.1

resilient element
(see vibration isolator)

3.2

vibration isolator

©1SO

isolator designed to attenuate the transmission of vibration in a frequency range [ISO 2041:1990, 2.110]

3.3

elastic supgort

vibration isqlator suitable for supporting a part of the mass of a machine, a building or another type.of\strucfure

3.4

blocking force

Fb

dynamic force at the output side of a vibration isolator which results in zero displacement output

35

dynamic driving point stiffness

K.y

frequency-dependent complex ratio of the force on the input side of a vibration isolator with the output sid¢ blocked
to the complex displacement on the input side during simple harmonic-vibration

NOTE 1 k|, may depend on the static preload, temperature and otherceonditions.

NOTE2 Al low frequencies k , is solely determined by elastic andhdissipative forces. At higher frequencies inertial fofces in the
resilient elenfent play a role as well.

3.6

dynamic transfer stiffness

K.,

frequency-dependent complex ratio of the force on the blocked output side of a vibration isolator to the| complex
displacemept on the input side during simple harmonic vibration

NOTE 1 kJ, may depend on the static.preload, temperature and other conditions.

NOTE 2 Al low frequencies Kk, .is solely determined by elastic and dissipative forces and k,, = k , At higher frequendies inertial

forces in the

3.7
loss factor g

n
frequency-g
the low-fre

esilient element play a role as well and k.#zk,

f resilient element

epéendent ratio of the imaginary part of k,, to the real part of k,, (i.e. tangent of the phase anglg
uency range where inertial forces in the element are negligible

of k,)) in

3.8

point contact
contact area which vibrates as the surface of a rigid body

3.9
linearity

property of the dynamic behaviour of a vibration isolator if it satisfies the principle of superposition

NOTE 1

The principle of superposition can be stated as follows: if an input x (t) produces an output y,(t) and in a separate test an

input x,(t) produces an output y,(t), superposition holds if the input a X (t) + B x,(t) produces the output ay,(t) + BY,(t). This must hold

for all values

of o, Band x (1), x, (t); cand S are arbitrary constants.
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NOTE 2

3.10
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In practice the above test for linearity is impractical and a limited check of linearity is done by measuring the dynamic
transfer stiffness for a range of input levels. For a specific preload, if the dynamic transfer stiffness is nominally invariant the system
can be considered linear. In effect this procedure checks for a proportional relationship between the response and the excitation.

direct method
method in which either the input displacement, velocity or acceleration and the blocking output force are measured

3.11

indirect method
method in which the transmissibility (for displacement, velocity or acceleration) of an isolator is measured, with the
output loaded by a mass/effective mass

3.12
driving p
method i

bint method
N which either the input displacement, velocity or acceleration and the input force ane 'measurged, with the

output sigle of the vibration isolator blocked

4 Sele

Table 1 p

ction of appropriate International Standard

rovides guidance for the selection of the appropriate part of ISO 10846

Table 1 — Guidance for selection

International Standard~and method type
ISO 10846-2 I1ISO 10846-3 ISO 10846-4 ISO 10846-5
Direct method Indirect methed Indirect method Driving point
methpd
Type of jvibration support support other than support support
isolator
Examplés resilient mountings for instruments, equipment, bellows, hoses, elastic | see under ISQ 10846-2
machinery and buildings shaft couplings, power | and ISO 10846-3
supply cables
Frequerjcy range 1Hztof, f,tof, f,tof, 1Hztof,
f, dependent on test rig; | f, typically (but not f, typically (but not f, typically (bJt not
) o limited to) 20 Hz to limited to) 20 Hz to limited to) < 1000 Hz
typically-(but not limited | 50 1z For very stiff 50 Hz. For very stiff
10)800Hz <f, <500 Hz | mountings f, > 100 Hz. | elements f, > 100 Hz.
f, typically 2 kHz to f, typically 2 kHz to
5 kHz, but dependent 5 kHz, but dependent
on the test rig on the test rig
Translafional 1,20r3 1,20r3 1,20r3 1,20r3
components
Rotational none informative annex informative annex none
components
Classification of engineering engineering engineering/survey engineering/survey
method
NOTE At the low-frequency end, the direct method and the driving point method yield the same result.

Further guidance is given in clauses 5 and 6.
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5 Theoretical background
5.1 Dynamic transfer stiffness

This clause explains why the dynamic transfer stiffness is most appropriate to characterize the vibro-acoustic
transfer properties of isolators for many practical applications. It also indicates briefly for which special situations
other vibro-acoustic isolator properties, of which the measurement is not covered in ISO 10846, would be needed in
addition.

The dynamic transfer stiffness, as defined in 3.6, is determined by the elastic, inertia and damping properties of the
isolator. The reason for choosing a presentation of test results in terms of a stiffness is the practical consideration

that it comp
importance
frequencies
important, t

NOTE — F

In principle
In the follow

Relationshi
imply that,
displaceme
the other pg

5.2 Dynarnic stiffness matrix of vibration isolators

5.2.1 Genq

A familiar @pproach to the analysis of complex vibratery systems is the use of stiffness — complian

transmissio
they descri
individual s
three matri
However, o
under static

The genera|

lles with data of stafic and/or Tow-frequency dynamic stiiness which are commonly used. The

of inertial forces (i.e. elastic wave effects in the isolators) makes the dynamic transfer stiffnes
more complex than at low frequencies. Because at low frequencies only elastic and damping f
ne low-frequency dynamic stiffness is only weakly dependent on frequency due to material prop

Dr many vibration isolators, static stiffness and low-frequency dynamic transfer stiffness are«different.

the dynamic transfer stiffness of vibro-acoustic isolators is dependent on statie preload and temn
ing theory linearity, as defined in 3.9, is assumed. See annex D for further information.

bs between the dynamic transfer stiffness and other quantities are listed in annex A. These relg
for the actual performance of the tests, only practical eOnsiderations will determine
nts, velocities or accelerations are measured. However, for présentation of the results in agree
rts of ISO 10846, appropriate conversions may be needed.

ral concept

N matrix concepts. The matrix elementsxare basically special forms of frequency-response 1
pe linear properties of mechanical and-acoustical systems. On the basis of the knowledg
Lbsystem properties, corresponding\properties of assemblies of subsystems can be calculg

forms mentioned above are interrelated and can be readily transformed amongst thems
hly stiffness-type quantities are\specified in 1ISO 10846 for the experimental characterization of
preload.

conceptual framewark for the proposed isolator characterization is shown in figure 1.

hdditional
s at high
brces are
erties.

perature.

tionships
whether
ment with

ce — or
unctions;
e of the
ted. The
blves [5].
isolators

Fi F, Fy Fs

nisolators

ibration source Receiving sftructured

-Uy -Uz

Figure 1 — Block diagram of source/isolators/receiver system

The system consists of three blocks, which respectively represent the vibration source, a number n of isolators and
the receiving structures. A point contact is assumed at each connection between source and isolator and between
isolator and receiver. To each connection point a force vector F containing three orthogonal forces and three
orthogonal moments and a displacement vector u containing three orthogonal translational and three orthogonal
rotational components are assigned. In figure 1 just one component of each of the vectors F,, u,, F, and u, is shown.
These vectors contain 6n elements, where n denotes the number of isolators.

To show that the blocked transfer stiffness, defined in 3.6 as dynamic transfer stiffness, is suitable for isolator
characterization in many practical cases, the discussion will proceed from the simplest case of unidirectional
vibration to the multidirectional case for a single isolator.
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5.2.2 Single isolator, single vibration direction

For unidirectional vibration of a single vibration isolator, the isolator equilibrium may be expressed by the following
stiffness equations:

Fl = k1,1 ul + k1,2 uZ (1)

FZ = k2,1 ul + k2,2 uZ (2)

where

k., gnd k,, are driving point stiffnesses when the isolator is blocked at the opposite side (i.e/\u]=0, u, =0,
respgctively);

k., and k,, are blocked transfer stiffnesses, i.e. they denote the ratio between the force on'the blockeed side and
the displacement on the driven side. k ,=k,, for passive isolators, because passive linear igolators are
recigrocal.
Due|to additional inertial forces, k , and k,, become different at higher frequencies. At low frequencies only
elasfic and damping forces play a role, making all k; equal.

NOTE — [ These equations are for single frequencies. F,and u, are phasors and k, are complex quantities.

The matnix form of equations (1) and (2) is

F=[kKu ®3)
with the dlynamic stiffness matrix
_ [k k20
[ ko1 k22H “)

For excitgtion of the receiving structure via the isolator

R

k.=
r u,

(5)

where k|denotes the dynamic drivingpoint stiffness of the receiver. The minus sign is a consequence of the
convention adopted in figure 1.

From equations (2) and (5) itfollows that

k
F2 = —2'; ul (6)
1+ 22

Kr

Thereforg,(dor a given source displacement u,, the force F, depends both on the isolator driving pojnt dynamic
stiffness and-omthe Teceiver ariving pomt dymarmic StiffessHowever, 1t k< 0, Iik{, thenm F, approximates the so-
called blocking force to within 10 %, i.e.

F2 = F2 biocking = Ko Ug (7)

Because vibration isolators are only effective between structures of relatively large dynamic stiffness on both sides of
the isolator, equation (7) represents the intended situation at the receiver side. This forms the background for the
measuring methods of ISO 10846. Measurement of the blocked transfer stiffness (or a directly related function) for an
isolator under static preload is easier than measurement of the complete stiffness matrix (or the complete transfer
matrix). Moreover it forms the representative isolator characteristic under the intended circumstances.

NOTE — In cases that the condition |k,,| << |k] is not fulfilled, equation (6) also shows that k,, and k need to be known to
predict F, for a given source displacement u,.
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5.2.3 Single isolator, six vibration directions

If forces and motions at each interface can be characterized by six orthogonal components (three translations, three
rotations), the isolator may be described as a 12-port [11]. The matrix form of the 12 dynamic stiffness equations is
equal to equation (3), where now

Cu, O OF, 0
u=Q O F=0"0 8
tH20 20

are the vectors of the six displacements, six angles of rotations, six forces and six moments. The 12 x 12 dynamic
stiffness matrix may be decomposed into four 6 x 6 submatrices
O
O
O

-4 |

0 [k, ,] are (symmetric) matrices of the driving point stiffnesses;

k12 9)
koo

where

[k,.] an
k] an

Reciprocity

i [k, ] are the blocked transfer stiffness matrices.
implies that these transfer matrices equal their transpose.

Again, if th
exerted on

e receiver has relatively large driving point dynamic stiffnesses compared to the isolator, the forces

he receiver approximate the blocking forces:

F2, biocking = LK 18 10)

Therefore, t
of isolators,

he blocked transfer stiffnesses are appropriate\quantities to characterize vibro-acoustic transfer properties
and also in the case of multidirectional vibration transmission.

53 Number of relevant blocked transfer/stiffnesses
For the ger
structural s

square blog

eral case the blocked transferstiffness matrix [k,,] of a single isolator contains 36 elements.
ymmetry causes most elements to be zero. The most symmetrical shapes (a circular cylin
k) have 10 non-zero elements, i.e. five different pairs (see annex B and reference [11]).

However,
der or a

In practical
even smallg
two or thres

situations the number of elements relevant for characterization of the vibro-acoustic transfer
r than the number of non-zero elements. In many cases it will be sufficient to take into account
diagonal elements for translation vibration, i.e. for only one vibration direction (often vertical)

s usually
only one,
br for two

or three p
measurems

prpendicdlar directions (see annex C for further discussion). For these translational d
nt methods will be defined in parts 2 to 5 of ISO 10846.

irections,

For some spécial technical cases, rotational degrees of freedom also play a significant role (see annex C).|Although
it is not considered as a subject for standardizafion in 1SO 10846, reference i1s made Iin 6.3.5 to literature that
describes how rotational elements may be handled in the same way as the translational elements. ISO 10846-3 and
ISO 10846-4 have informative annexes relevant to this subject.

5.4 Flanking transmission

The model shown in figure 1 and of equations (1) to (10) is correct under the assumption that the isolators form the
only transfer path between the vibration source and the receiving structure. In practice there may be mechanical or
acoustical parallel transmission paths which cause flanking transmission. For any measurement method of isolator
properties, the possible interference of such flanking with proper measurements has to be minimized.
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5.5 Loss factor

The objective of I1SO 10846 is to standardize measurements of the frequency-dependent dynamic transfer
stiffnesses k,, of resilient elements. Certain users of ISO 10846 also will be interested in the damping properties of
isolators. However, ISO 10846 does not standardize the measurement of damping properties of isolators because
this would become overly complex. Nevertheless, in parts 2 to 5 of ISO 10846, descriptions are given of how phase
data of the complex dynamic transfer stiffness k,, can be optionally used to give information about the damping
properties. The discussion in this subclause is given as background information for the procedures.

For the purposes of the discussion it is sufficient to consider the case of 5.2.2, i.e. a single isolator and a single
vibration direction. Because only measurements with a blocked output side are considered in 1SO 10846, the
phasor eguations (a2 are Teducedto

Fl = kl.lul (11)
FZ = kZ,lul (12)

At low fr¢quencies, where inertial forces (e.g. wave effects) play no role, there is a simple relationship between the
phase anmgle of the dynamic transfer stiffness and the damping properties of the resilient element. At these low
frequencles, the frequency-dependent stiffness can be approximated by

k=k,=k, (13)
This complex low-frequency dynamic stiffness can be written as
k=k(1+jmn) (14)

where k, [denotes the real part. The frequency-dependent lossfactor 1 in equation (14) characterizes thel damping of
the resili¢nt element at low frequencies (see 3.7).

The relatjonship between the loss factor and the phase angle ¢ of k is given by
n=tan ¢ (15)
Thereforg, the loss factor of a resilient element can be estimated according to
n=tan ¢, (16)
where @| is the phase angle ofithe dynamic transfer stiffness k; ;.
The folloying points should-bBe kept in mind.

a) The|measurement of small loss factors using equation (16), is extremely sensitive to phase measurement

errofs [12]. However, for rubber-type resilient elements this problem is not critical except at frequengies below a
few hertz.

b) For higher frequencies, where the approximations of equation (13) are no longer valid, it is no longér correct to
use equation (16) as a characterization of the damping properties of the resilient element. Although there are
no simple and strict criteria for when this occurs, a rather sudden change of the slope of n with increasing
frequency is usually a good indication that equation (16) can no longer be used.

6 Measurement principles
6.1 Dynamic transfer stiffness
The dynamic transfer stiffness is dependent on frequency. In addition it is also dependent on static preload and, in

many cases, on temperature. Three methods are in use to obtain the appropriate test data. Because they are
complementary with respect to their strong and weak points, they are all described in ISO 10846.
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The direct method requires the measurement of input displacement (velocity, acceleration) and blocking output
force. At low frequencies, where the driving point stiffness and the transfer stiffness are equal, both force and
displacement may be measured on the driven side of the isolator. This method is called the driving point method.

The indirect method uses a measurement of vibration transmissibility (for displacement, velocity or acceleration). To
obtain the blocking output force, the isolator is terminated with a mass which provides a large dynamic stiffness. In a
specified frequency range, the product of the measured displacement and the known point dynamic stiffness of the
termination should provide a good approximation of the blocking force.

The basic features of these methods and the general requirements for their proper use are described in this part of

ISO 10846. Detailed requirements are specified in parts 2 to 5 of ISO 10846.
6.2 Dirgct method
6.2.1 Basi¢ test set-up
The basic principle for the measurement of the dynamic transfer stiffness is shown in figure 2:
The isolatof under test is placed between a vibration exciter on the input side and a rigid termination on the output
side. A dynamic force transducer is placed between the isolator and the rigid termination. Often it will be necessary
to insert forge-distribution plates. These serve to approximate point contact conditions and unidirectional mption. For
example, inf the case of a large isolator flange supported by a small force transducer only, the flange vibration and
therefore the dynamic transfer stiffness may deviate significantly from that in’practice. For large isolators with a high
static preload, stability requirements may make it necessary to measure the force with a number| of force
transducerd.
6.2.2 Megasurement quantities
The dynamic quantities to be measured are the force and either'the displacement, velocity or acceleration.
1 2
3 | |
‘ 1
e
| V] |
NVEaR |
| | |
r »
6 - !
| L.V |
! 5 AF: ‘
4 |
Up =<Uy
S

7

Key

1 Hydraulic actuator (static preload and dynamic excitation)
2 Moveable traverse

3 Columns

4 Rigid foundation
5 Force measurement system
6 Test object

Figure 2 — Example of a typical test set-up for the direct method
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6.2.3 Measurement under static preload

Because the dynamic transfer stiffness may be heavily dependent on static load, tests should be provided under
nominal static load conditions. Often special test rigs are needed to apply such loads. Combined static pre-loading and
vibration is typically applied using a hydraulic actuator on top. However, test rigs with separated components for pre-
loading and for vibration excitation are also considered in ISO 10846.

6.2.4 Frequency limitations of the direct method

The frequency range of validity of the direct method is mainly determined by the test rig properties. One limitation is
given by the actuator bandwidth. Another limitation is often determined by the occurrence of flanking transmission at

high freq

lencies fhrnugh the frame which is used tao apply the static prplnad The fundamental frame

node, which

usually @
vertical b
by owne
compact
preloads
kilohertz.

However,
frequenc

auses serious problems, is determined by the mass of the traverse and the longitudinal_stiff

s of test rigs with a static load capacity up to 100 kN (see reference [10]). Of course for'small¢
rigs this upper limit would move to higher frequencies. For example, for small size ‘element
very simple test set-ups may suffice, having a frequency range for valid measurements uj

generally speaking, the indirect method (see below) gives better possibilities with resp
Y measurements. The indirect method gives less flanking transmission because the test

dynamically uncoupled from the load frame.

6.2.5 1
The dired

transverg
ISO 1084

6.3 I

6.3.1 H

The basi

Directions of vibration
t method can be applied for translational and rotational vibration both in the normal load directio

e directions. However, use of the direct method for rotational vibration is not considered in
6.

hdirect method
asic test arrangement

principle for the measurement of-blocked transfer stiffness is illustrated by the examples given in

Vibration exciter

ness of the

eams. A typical upper frequency of 300 Hz < f < 500 Hz is mentioned in table 1. These values are reported

er and more
5 with small
b to several

ect to high
isolator is

h and in the
this part of

figure 3.

I'S

Preload acTuaTorK Isolato
B
Q
Q m4 A
mo %FZ, U, V
./ﬁ\sotamrs under TesTix\\. Uy
v, A
A V Fa. Uy
| / ®
M 4 A Isolators —— | M
M /. \ [\
77 Vibration 7 )
exciter
a) Preload by gravity b) Preload with frame

Figure 3 — Examples of typical test set-ups for the indirect method
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The isolator under test is fitted between two rigid masses.

The mass on the input side of the isolator has a dual function:

O its rigid

O

ity is used to provide point contact conditions;

The mass on the output side also has a dual function:

©1SO

it may also be used to obtain unidirectional excitation in different directions (see ISO 10846-3 and ISO 10846-4).

O its rigidity is used for point contact conditions on the receiver side of the isolator;

O its mags and rotational inertias should be large enough to form a high dynamic stiffness terminati
excitatibn components of the isolator. Therefore, the six natural frequencies of the mass/spring system f
combination of the test isolator and mass m, should be well below the frequency range of interest'(see d
below)| The forces exerted by the isolator on the mass are then approximately equal to the blocking forcg
can be|derived from the accelerations of the mass on the output side.

The displagements of the masses are denoted by u, and u,. The ratio u/u, is usually called (displ

transmissibllity. It is equal to the corresponding velocity and acceleration ratio.

The relatiopship between the dynamic transfer stiffness and the displacement. transmissibility is found

Newton's law. Therefore,

P 2 Uy
k2'l~u—1~ 2rnf) szl for f>>f; (
where f; is the eigenfrequency of the mass/spring system form&d-by m, and the test isolator [and, as in fi

by the auxil

Equation (1

6.3.2 Me

The dynam

6.3.3 Meas
6.3.3.1 Pri
Figure 3 sh
In figure 3 g

either a vib
takes the s

ary isolators].

7) uses the assumption of equation (7), i.e. that F, is approximately equal to the blocking force.

bsurement quantities

c quantity to be measured is either the displacement, velocity or acceleration.

urement under static preload
hciple of applying preload
bws basic prineiples for test rigs in which a static preload can be applied.

) the gravity‘force on the mass on the output side is used for static preloading. This test set-up
ation_exciter which can withstand the static load or an auxiliary structure (e.g. vibration isolato
tatic. [oad. This test rig principle has the danger of instability, especially for large isolators

on for all
prmed by
iscussion
bs. These

pcement)

by using

17)

jure 3 b),

requires
rs) which
with high

preloads.

In figure 3 b) a frame and an actuator (e.g. hydraulic) are used to apply the static preload. The mass m, on the
output side of the isolator is dynamically decoupled from the frame using auxiliary isolators. Such auxiliary isolators
are also used to decouple the mass on the input side from the test frame. The use of these auxiliary isolators makes
the indirect method less vulnerable to flanking transmission via the test frame than the direct method. Further

information can be found in ISO 10846-3.
NOTE — In practice the total stiffness of the auxiliary isolators can be of the same order of magnitude as that of the isolator under
test.
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6.3.3.2 Preloads in other situations
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Isolators other than elastic supports need to be tested under nominal static loads as well. For instance, for a flexible
shaft coupling this means that a static torque has to be applied. For a liquid-filled bellows or hose, the internal

pressure

6.3.4

has to be representative.

Frequency limitations of the indirect method

There are conflicting constraints with respect to the frequency range of validity.

One way to extend the range in which valid measurements according to equation (17) can be performed to low

frequenc

es is to use a large mass m, to obtain a sufficiently low value for f. However, the larger the mass, the lower

the uppe
There ar
frequenc
the follow

Estimate
approxim

where

f, is fhe estimated frequency, in hertz;

k, is

m

el

q

At low fr
behaviou
the dynal
dynamic
f>f/3.

To obtai
rigid bod

If the fre
measure

6.3.5

frequency limit is, due to the non-rigid body behaviour of m,
b many applications where the interest is in measurement data of the dynamic transfer stiffne

es, where it deviates from that of a massless spring. For those cases a compromise“may be
ing lines.

ation:

ko

mel

fe=05

the low frequency dynamic stiffness of the isolatos;
the mass of the elastic part of the isolator.

pquencies the dynamic transfer stiffness will be nearly equal to k,. For many isolators this
r will be valid for f <f/3. In generat, choosing a mass such that f, < 0,1f, gives reliable meas
mic transfer stiffness for f = f /3. For lower frequencies one might postulate without measurem
stiffness is approximately equalto that at f = f /3, if the main interest for the application of the ig

a wide frequency range for the measurements, it is desirable to have a low value for f, and
behaviour of mass\, up to high frequencies. Such requirements are best fulfilled with steel bl

juency range. ofinterest is too wide for a single block, low-frequency measurements and hig
Mments require different block sizes.

Directions of vibration

The indi

5s at audio-
found along

the frequency of the lowest internal isolator resonance (in stiffest translational direction) using the following

(18)

'spring-like”
iIrements of
ent that the
olator is for

to maintain
bcks.

h-frequency

transverse

directions.
The measurement principle can be further extended to rotational excitations on the input side and/or to rotational

responses of the mass on the output side [11], [13]. This is discussed in the informative annexes of ISO 10846-3
and ISO 10846-4.

6.4 Driving point method
6.4.1 Basic test arrangement

An example of the basic driving point method is given in figure 4.

11
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The examp
blocking for
the dynami

C transfer stiffness is determined by assuming that at low frequencies it is nearly equal to th
point dynanpic stiffness because the inertial*forces are negligible compared to elastic forces, that is,
F
kp1=kig= UL %
! DUZ—O (

The static
orthogonal

or acceleration.

6.4.2 Fre

1 2
3 | i |
P
x ’ ‘
i |
| 5 |
e S]]
‘ [~ ‘
: % i
Uy <<Uq
\
I ]
7
Key
1 Hydraulic actuator (static preload and dynamic excitation) 4 Rigid foundation
2 Moveable traverse 5 Force measurement system
3 Columns 6 Test object

Figure 4 — Example of a typical test arrangement for the driving point method

le given in figure 4 is very similar.to.that in figure 2 for the direct method. However, inste
ce on the output side, the force on'the input side is measured. Therefore, using the driving poin

reload is applied in the same way as in the direct method. Measurements may be performed
ranslational'motions. The dynamic quantities to be measured are force and either displacemen

quency limitation of the driving point method

hd of the
t method
e driving

9)

for three
, velocity

The approximation given in equation (19) is only valid at low frequencies, when the inertial forces are small compared
to the elastic forces. Quantitative criteria will be given in ISO 10846-5 to estimate the upper frequency limit of validity on
the basis of test results. However, given the inherent and not fully known approximation by equation (19), the driving
point method has to be considered to be a survey method at higher frequencies.
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Annex A
(informative)

Functions related to dynamic transfer stiffness

ISO 10846-1:1997(E)

For linear isolators the quantities that are directly related to dynamic stiffness are mechanical impedance and
effective mass. Inverse quantities are compliance, mobility and accelerance.

Table A.]

Table A.
frequenc

Table A.1 — Symbols for dynamic stiffness and related quantities

| gives the names and the corresponding symbols for dynamic stiffness and related quantities.

Symbol Name Inverse Name
k dynamic transfer 1/k compliance
stiffness
Z mechanical transfer 1/z mohifity (admittance)
impedance
m effective mass 1/m accelerance

eff

eff

Table A.2 — Factors relating.dynamic stiffness with other quantities

P shows the relating factors, i.e. k=—-w?m, = joZ, etc. A multiplication by jo means that, for
y f the amplitude is multiplied by o = 27 and that.the phase angle increases by 772 rd.

1

Name Symbol | Definition k z m,
Dynamic transfer k Flu 1 jo —w?
stiffness
Mechanical transfer V4 Fiv ljw 1 jo
impedanee
Effeetive mass m,, Fla -lw? | ljo 1

). = displacement; v = velocity; a = acceleration

example, at
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Effect of symmetry on the transfer stiffness matrix

©1SO

Equation (9) shows the partitioning of the 12 x 12 dynamic stiffness matrix for a single isolator into four 6 x 6
submatrices. 1SO 10846 is concerned with the measurement of individual elements of the 6 x 6 transfer stiffness

matrix [k, ]
the input.

Using the ¢
rotational d

The vector

Then equati

These are the ratios of the blocking forces at the output side of the element and the displace

Cartesian coordinate system of figure B.1 with axes X, y and z the vector of the six translat
Splacements at the input side can be written as

ul = {ulx' uly' ulz’ ylx’ yly’ ylz}

Df six blocking forces and moments at the output side can be written as

Fz,hlocking = {FZX' F2y’ FZZ’ MZx' MZy’ MZZ}

F,u,
A
M, 52
S
C p Uy
M ¥x My ¥y
Fy Uy

Figure B.1—<Cartesian coordinate system and notation of forces and displacements

14

pn (10) may be expanded as:
OF2x0 k71 k72 k73 k1a k15 kig l”g
UFay0 DOkgy  ks2 kes ksa hkss kse LHY
%Fzz %: ko1 ko2 kos kos kos kee L H
E(\// 2v @:10,1 k102 k103 kw04 kios k106 %’n 0
M2y 11,1 k112 k113 kiia kiis ki V1,0
EM2:H k21 k22 k123 kiza kios kize .5

ments at

onal and
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The shorthand notation of the matrix elements has the following meaning:

F2x blockin M i
- ) 9 _ 2Xx, blocking
k7,l - a.nd k10'4 - T etC-

Uiy Y 1x

Due to symmetry a large number of elements will be equal to zero and some non-zero elements may be equal in
magnitude. The following four examples illustrate this for typical examples of vibration isolator symmetries (see
figure B.1 for the orientation of the axes).

EXAMPLE 1 Two orthogonal planes of symmetry (10 different non-zero elements)
ulx uly ulz ylx yly ylz
Fo k. |0 0 0 ke O
F,, 0 ks, 0 K. 0 0
F,, 0 0 K, 5 0 0 0
M2x 0 k10,2 0 k10,4 0 0
sz k11,1 0 0 0 kn,s 0
M,, 0 0 0 0 0 Kee
EXAMPLE 2 Three orthogonal planes of symmetry (10 non-zero elements; 8 different elements)
ulx uly ulz ylx yly ylz
sz Kl 0 0 0 K,S 0
|
/L7 77777777777777777 o FZy O kﬂ,Z O k8,4 O 0
~ F,, 0 0 K, , 0 0 0
- M2x 0 == kB,A 0 k10,4 0 0
sz == k7,5 0 0 0 kn,s 0
M,, 0 0 0 0 0 Kee
EXAMPLE 3 Axial symmetry with respect to symmetry planes of example 1 (10 non-zero elements; 6 differenf elements)
ulx uly ulz ylx yly ylz
[~
sz Kl 0 0 0 k7,5 0
F,, 0 =k, 0 =k, 0 0
F,, 0 0 Ky 0 0 0
MZX O k10,2 O k104 O 0
sz = k10,2 0 0 0 = 04 0
M,, 0 0 0 0 0 Kee
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EXAMPLE 4 Square block or circular cylinder (10 non-zero elements; 5 different elements)
ulx uly ulz ylx yly ylz
F. K 0 0 0 ks 0
> F, 0 K., 0 =k, |0 0
A— ‘ e lo o |k o o o
- M2x 0 == k7,5 0 k10,4 0 0
M2y == K,s 0 0 0 = klO,A 0
M,, 0 0 0 0 0 Ko

16

©1SO


https://standardsiso.com/api/?name=55997a7e6ba609281263489cda20fea3

