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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in

liaison with
Commissio

Internationg

The main ta

by the technical committees are circulated to the member bodies for voting. Publication as an Intg

Standard rg

Attention is
patent right

ISO 10846-
ISO/TC 10§

ISO 10846
measurems

Part 1:
Part 2:
Part 3:
Part 4:

Part 5:
transla

Annexes A,

[SO, also take part In the work. ISOU collaboraies closely with the International EIecirg
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.
sk of technical committees is to prepare International Standards. Draft International’ Standards
quires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this part of ISO 10846 may be the S
5. ISO shall not be held responsible for identifying any or all such patent rights.

3 was prepared jointly by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, N
, Mechanical vibration and shock.

consists of the following parts, under the general"title Acoustics and vibration — L
nt of vibro-acoustic transfer properties of resilient eléments:

Principles and guidelines
Dynamic stiffness of elastic supports for translatory motion — Direct method
Indirect method for determination of the dynamic stiffness of resilient supports for translatory n

Dynamic stiffness of elements-other than resilient supports for translatory motion

ory motion

B and C of this/part of ISO 10846 are for information only.

technical

adopted

rnational

ubject of

pise, and

hboratory

otion

Driving point method for-determination of the low frequency dynamic stiffness of elastic supports for
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Introduction

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

This partfof TSO T0846 specifies an indirect method for measuring the dynamic transfer sfiffness Tunctlon of linear
resilient gupports. This includes resilient supports with non-linear static load-deflection characteristics pfovided that
the elenfents show an approximate linearity for vibrational behaviour for a given static preload. This part of
ISO 10846 belongs to a series of International Standards on methods for the laboratory meastremgnt of vibro-
acoustic properties of resilient elements, which also includes parts on measurement principles-and on g direct and
a driving| point method. 1ISO 10846-1 provides global guidance for the selection of the \appropriate International

oad, where

Its of the indirect method are useful for isolators, which are used to reduce the trangmission of
structureporne sound (primarily frequencies above 20 Hz). The method.does not characterize isolators|completely,
which ar¢ used to attenuate low frequency vibration or shock excursions.

© ISO 2002 - All rights reserved Vv
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Acoustics and vibration — Laboratory measurement of vibro-
acoustic transfer properties of resilient elements —

Part 3:

Indire

resilient supports for translatory motion

1 Sca

This part
supports
and is ca

NOTE 1
transmiss
radiate un

NOTE 2

NOTE 3
the behay|

Measure
provides

The method covers the frequency range'from £, up to f5. The values of f, and f3 are determined by the

and the i
The data
—  prod
— infor

— qual

pe
of ISO 10846 specifies a method for determining the dynamic transfer-stiffness for translation
under specific preload. The method concerns the laboratory measurements of vibration tra
led the indirect method. This method is applicable to test elements with parallel flanges (see F
Vibration isolators which are the subject of this part of 1ISO%10846 are those which are used t{g
on of audiofrequency vibrations (structureborne sound, 20 HZ\te 20 kHz) to a structure which may,
wanted fluidborne sound (airborne, waterborne or other).

In practice the size of the available test rig(s) can give restrictions for very small and for very large resili

Samples of continuous supports of strips and mats-are included in the method. Whether or not the sam
our of the complex system sufficiently, is the responsibility of the user of this part of ISO 10846.

ments for translations normal and transverse to the flanges are covered in this part of ISO 1084
guidance for the measurement of transfer stiffnesses which include rotatory components.

solator under test. Typicallyl20 Hz < f, < 50 Hz and 2 kHz < f3 < 5 kHz.

obtained according to\the method specified in this part of ISO 10846 can be used for
uct information provided by manufacturers and suppliers,

mation during-product development,

ty cofitrol, and

— calc

5 of resilient
nsmissibility
gure 1).

reduce the
for example,

ent supports.

ble describes

16. Annex A

test set-up

Hation of the transfar of vibhration throt |gh isolators-
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NOTE 1
arrange for p

NOTE2 A

2 Norm
The followin
this part of
do not appl
possibility

references,
registers of
ISO 266, A
ISO 2041:1
ISO 5347-3
ISO 5348,

ISO 7626-1
and transdy

ISO 7626-2
using single

lative references

ly. However, parties to agreements based on this part of ISO 10846 are encouraged to inves

Vhen a resilient support has no parallel flanges, an auxiliary fixture should be included as part of thé test
arallel flanges.

rrows indicate load direction.

Figure 1 — Examples of resilient supports with parallel-flanges

g normative documents contain provisions which, throughyreference in this text, constitute pro
SO 10846. For dated references, subsequent amendments to, or revisions of, any of these pu

pf applying the most recent editions of the normative documents indicated below. For
the latest edition of the normative document(eferred to applies. Members of ISO and IEC
currently valid International Standards.

roustics — Preferred frequencies

D90, Vibration and shock — Vocabulary

1), Methods for the calibration)of vibration and shock pick-ups — Part 3: Secondary vibration ca

lechanical vibration and’shock — Mechanical mounting of accelerometers

Vibration and¢sshock — Experimental determination of mechanical mobility — Part 1: Basic @
cers

Vibrationvand shock — Experimental determination of mechanical mobility — Part 2: Meas
-pointitranslation excitation with an attached vibration exciter

blement to

isions of
blications
igate the
undated
maintain

libration

efinitions

Lrements

1)

To be revised as 1ISO 16063-21.
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3 Terms and definitions

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

3.1

vibration isolator

resilient
isolator d

[1SO 204

element
esigned to attenuate the transmission of vibration in a frequency range

1:1990, definition 2.110]

3.2
resilient
vibration

test element

resilient g

34
blocking
Iy
dynamic

3.5
dynamic
ko 1
ratio of ¢

during sinusoidal vibration

NOTE 1
NOTE 2
solely det
side).

NOTE 3

3.6

loss facfor of resilient element

n
ratio of the imaginary_part of &, 1 and the real part of &, 1 (i.e. tangent of the phase angle of &, ,

frequenc

3.7

support
isolator suitable for supporting part of the mass of a machine, a building or another typé ofstru

upport under test including flanges and auxiliary fixtures, if any

force

force on the output side of a vibration isolator which results in zere displacement output

transfer stiffness

pmplex force on the blocked output side of a resilient element to complex displacement on th
The indices “1” and “2” denote the input and.output side respectively.
The value of ky 4 can be dependent upon-static preload, temperature and other conditions. At low frequ

prmined by elastic and dissipative forces and &, 4 =k, 4 (k4 1 denotes the ratio of force and displacemen

At higher frequencies inertial forces in the resilient element play a role as well and k, 4 = &, 4.

y range,where inertial forces in the element are negligible

cture

e input side

encies k,  is
on the input

in the low

frequend

y-averaged dynamic transfer stiffness

k

av

function of frequency of the average value of the dynamic stiffness over a frequency band Af(see 8.2)

3.8

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

3.9
normal t

ranslation

translational vibration normal to the flange of a resilient element

© ISO 2002 - All rights reserved
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3.10
transverse
translationa

3.1
linearity

translation
| vibration in a direction perpendicular to that of the normal translation

property of the dynamic behaviour of a resilient element, if it satisfies the principle of superposition

NOTE 1

The principle of superposition can be stated as follows. If an input x,(z) produces an output y,(¢) and in a separate

test an input x,(r) produces an output y,(f), superposition holds if the input [a-x(f) +b-x,(f)] produces the output
[a-y4(2) + b-yy(#)]. This must hold for all values of a, b and x,(z) and x,(¢); a and b are arbitrary constants.

NOTE2 |
dynamic tran
response an

3.12

h practice the above test for linearity is impractical and a limited check of linearity is done by mea
sfer stiffness for a range of input levels. In effect this procedure checks for a proportional relationship’bg
| the excitation (see 7.6).

direct method

method in \

3.13

hich either the input displacement, velocity or acceleration and the blocking’eutput force are m

indirect method

method in
measured,

NOTE )
However, thi

3.14
transmissi
T

ratio u,/uq g
sinusoidal \
NOTE i
3.15

force level
Lp

vhich the vibration transmissibility (for displacement, velocity or acceleration) of a resilient e
vith the output loaded by a compact body of known mass

[he term “indirect method” may include loads of any known:impedance other than a mass-like in
5 part of ISO 10846 does not cover such methods.
pility

f the complex displacements u, on the output side and u, on the input side of the test elemg
ibration

or velocities v and accelerations «, transmissibilities are defined in a similar way and have the same valu

level calculated by the followingdformula

2
DIgF—2 dB
Fy

enotes the mean square value of the force in a specific frequency band and F; =1 uN is the

suring the
tween the

easured

ement is

hpedance.

nt during

eference

Lp =1
where F2 d
force
3.16

acceleration level

L

a

level calculated by the following formula

2

La=10|g"—2 dB

ap

where a2 denotes the mean square value of the acceleration in a specific frequency band and ag = 106 m/s? is the
reference acceleration

© 1SO 2002 - All rights reserved
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level of dynamic transfer stiffness

Lk2,1

level calculated by the following formula

Je2s|”

Lk2’1=1OIg 5 dB

kQ

-3:2002(E)

where |k2’1|2 is the square magnitude of the dynamic transfer stiffness (see 3.5) at a specified frequency and

ko =1 N-fn~Tis the reference stiffness

3.18

level of frequency band averaged dynamic transfer stiffness

Lkav
level cald

Ly

a

where k,

3.19

flanking
forces ar
paths otH

ulated by the following formula

2
:10|gkizV dB
kg

is defined in 3.7 and where k, denotes the reference stiffnes$.(= 1 N-m~1)
transmission

d accelerations at the output side caused by thewibration exciter at the input side but via t
er than through the test element

4 Principle

The mea

The basi
of mass

surement principle of the indirect method is discussed in ISO 10846-1.

C principle is that the blocking output force is derived from acceleration measurements on a co
mo, Which provides sufficiently small vibrations on the output side of the test element. This blg

shall be gynamically decoupled.from the other parts of the test arrangement to prevent flanking transmig

For sinug
the elem

ko4

where

oidal vibration and-using complex notation, the relation between the dynamic transfer stiffness
ent under test anhd the measured vibration transmissibility (see 3.14) is given by

=E2’b/21 z—(27'[f)2(ﬂ’12 +WIf)T for |T|<<1

ansmission

mpact body
cking mass
sion.

(see 3.5) of

(1)

mg

denotes the mass of the output flange of the test element;

indices “1” and “2” denote the input and output side respectively.

A valid indirect determination of a blocking force according to the right-hand term of equation (1) requires that this
blocking force solely determines the corresponding vibration measured on the blocking mass. Therefore, in
principle, the vibration to be measured is that of the mass centre of the compact body composed of the blocking
mass and of the output flange of the test element, and in the direction of the wanted force.

© ISO 2002 - All rights reserved
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5 Requirements for apparatus

5.1

5.1.1

Normal translations

Overview

In Figures 2 to 4, schematic examples are shown of test arrangements for resilient supports. These are exposed to
translatory vibration in the normal load direction. The test element shall be mounted in a way which is
representative of its use in practice.

NOTE
principles.

To be suit
described i

5.1.2 Blog

A mass is
blocking fo
uniform vib

ble for the measurements according to this part of ISO 10846, a test rig shall-inglude 1
51.2t05.1.6.

tking mass
Connected to the output side the test element. One function of this mass is to block the ou

ation of the output flange of the test element.

5.1.3 Statfic preloading system

Measureme
methods fo
a) Use of
togethe
is supp
dynam
test.
b) Use of]
vibratig
c) Use of
see Fig
5.1.4 Acq
Acceleroms
supports th

nts shall be performed with the test element under a representative and specified preload. Exa
applying the static preload are as follows.

a hydraulic actuator, which also serves as the*vibration exciter. This is mounted in a lo
orted by auxiliary vibration isolators to degouple the mass from the load frame. The total low f
c stiffnesss of these auxiliary isolators_is of the same order of magnitude as that of the elem
a frame which provides static preload only; see Figures 2 and 3. If such a frame is used,

n isolators shall also be applied on the input side of the test element to decouple it from the fra

a gravity load by addinga’blocking mass on top of the test element (with or without a suppq
ure 4).

eleration measurement systems

ters shall"he mounted on the input and output side of the test element and on the foundati
b blocking'mass. When mid-point positions are not accessible, indirect measurement of the

accelerations shall*be performed by making an appropriate signal summation, for example, by taking t

average for|

two, symmetrically positioned accelerometers.

he collection of examples Is by no means exhaustive and Is not intended to form a limitation tor test arfangement

he items

tput. The

rce is determined from measuring the acceleration of the mass. A“second function is to provide a

mples of

hd frame

r with the test element and the blocking mass;on the output side of the test element. The blocking mass

requency
ent under

auxiliary
me.

rt frame;

on which
mid-point
he linear

Provided that their frequency range is appropriate, displacement or velocity transducers may be used instead of
accelerometers [see Figures 2b) and 4].
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Key

Excite
Trave
Conn

Dynammic decoupling springs, static preload

ISO 10846-3:2002(E)

r
I'se
bction rod

5 \(\Test element
6 Blocking mass
7 Rigid foundation

a) Overview

S
§ B‘ﬁi

Pa—

o Ul FFULIUON -

1 Static preload
2 Traverse

—_— )

4 Acceleration measurement (a,)
5 Excitation mass

3 Dynamic excitation 6 Test element

b) Input side (details)

Figure 2 — Example 1 of laboratory test rig for measuring the dynamic
transfer stiffness for normal translations (continued)

© ISO 2002 - All rights reserved 7


https://standardsiso.com/api/?name=5b860ad4cd02e9e7570333385f454234

ISO 10846-3:2002(E)

= . =
I

5
Key
1 Testelefnent 4 Acceleration measurement (a5)
2 Blocking|mass (m;) 5 Rigid foundation

3 Accelergtion measurement (a,)
c) Output side (details)

Figure 2 — Example 1 of laboratory test rig for:measuring the dynamic
transfer stiffness for normal translations

1 9

6_ \Sﬁi
>é $ |
!

= . | E /
/f
|

=

6 3 2 1 5
Key
1 Excitation mass 6 Acceleration measurement (a5)
2 Test element 7 Acceleration measurement (a,)
3 Blocking mass 8 Dynamic excitation
4 Rigid foundation 9 Acceleration measurement (a,)
5 Dynamic decoupling springs

Figure 3 — Example 2 of laboratory test rig for measuring the dynamic
transfer stiffness for normal translations

8 © 1SO 2002 — Al rights reserved
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Key

Accelpration measurement (a,)
Block|ng mass

Test ¢lement

Excitgtion mass

Accelpration measurement (a,)

o b WON -

Vibrafion exciter

NOTE The gravity load due to the blocking mass’is used as a static preload for the element under test.

Figure 4 — Example 3 of laboratory test rig for measuring the dynamic
transfer stiffness for normal translations

5.1.5 Dynamic excitation system
The dyngmic excitation.system shall be appropriate for the frequency of interest.
Any suitgble type of'exciter is permitted. Examples are

a) a hydrauliciactuator which also can provide a static preload,

b) one ormoreetectrodymammitexciters(strakersywithrconmectionmrods; amd
c) one or more piezo-electric exciters.
Vibration isolators may be used for dynamic decoupling of exciters to reduce flanking transmission via the frame for

applying static preload. However, in the test rigs which use a hydraulic actuator, for both static and dynamic
loading, such a decoupling is usually inconvenient, because of its adverse effects on low frequency measurements.

© ISO 2002 - All rights reserved 9
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51.6 Exc
The excitati
a)

b) itenha

itation mass on the input side

on mass on the input side of the test element has one or both of the following functions:

it provides a uniform vibration of the input flange under dynamic forces;

nces the unidirectional vibration of the input flange.

If the test element contains a solid mass-type input flange, which may provide the above-mentioned functions, the
special excitation mass may be omitted.

NOTE
part of ISO
resilient sup

1

0846 would require excitation with a unidirectional translation on the input side. However, for-the

[heoretically speaking, the measurements of the dynamic transfer stiffness for normal translation according to this

ajority of

ports this requirement is not of practical concern. In annex B of ISO 10846-1:1997, it is shown”thatl the most

common symmetry properties of resilient supports cause the blocking output forces in the direction of normal-load diie to input

vibrations ot
orthogonal p
load directio
these symm
unidirectiona
may facilitate

anes of symmetry, the line of intersection of which forms the symmetry axis of the resilient support in {

n. See annex A, equation (A.5) and annex B. For resilient supports with exceptional shapes, which dd
etry properties, measurements according to this part of 1SO 10846 require excitation with a pr
translation (see further 5.3 and 6.4). Using a compact body of sufficiently large{ mass as a force distrib
such an excitation.

her than the normal translations to be negligible. For this to be true, it is required that the-test element has two

he normal

not have
pdominant
ution plate

5.2 Tranpverse translations

5.21 Overview

Schematic fepresentations of examples of test arrangements for resilient supports exposed to translatory yibrations
perpendicular to the normal load direction are shown in Figures 5'to 7 (see note in 5.1.1). The test elemenf shall be
mounted in|a way which is representative of its use in practice. To be suitable for the measurements acgording to
this part of [SO 10846, a test rig shall include the items déseribed in 5.2.2 to 5.2.6.

If measurements are performed with an arrangement-as shown in Figure 7, the first eigenfrequency of

vibrations ¢
interest.

5.2.2 Blos

See 5.1.2.

ue to the blocking mass on the testcelement should be below the lowest frequency of the

tking mass

5.2.3 Statflic preloading system

Measurems
methods fo

5.24 Acc

nts shall be-performed with the test element under a representative and specified preload. Exa
applyingthe static preload are similar to those described in 5.1.3 and are shown in Figures 5 1

eleration measurement systems

rotational
range of

mples of
o 7.

Accelerometers shall be mounted on the input and output side of the test element and on the foundation which
supports the blocking mass.

On the input side, the accelerometers may be placed on horizontal axes of symmetry of the flange or excitation
mass. On the blocking mass, the accelerometers may be placed on the horizontal axis through the mass centre of
the compact body composed of the blocking mass and the output flange of the test element (see Figure 8). When
such places are not accessible, indirect measurement of mid-point vibrations may be performed by making an
appropriate signal summation, for example, by taking the linear average for two symmetrically positioned
accelerometers.

Provided that their frequency range is appropriate, displacement or velocity transducers may be used instead of
accelerometers.

10 © 1SO 2002 — All rights reserved
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5.2.5 Dynamic excitation systems

The dynamic excitation system shall be appropriate for the frequency range of interest.

Examples of vibration exciters are given in 5.1.5.

5.2.6 Excitation mass on the input side

The excitation mass on the input side of the test element has one or both of the following functions:

a) itpr

vides-a uniform vihration of the innut flanae tinder dvnamic forces:
G a—HHHOHR-HBEHOR-OHRe- P H—HaRge-HhRae iy RaHc—+o! 7

3:2002(E)

b)

If the te
special €

NOTE

measurenment of dynamic stiffnesses according to this part of ISO 10846 (see 6.4). For input translations i

directions

a) thes
b)
bear

5.3 Su

531 O
The test
unidirect
excitatior
compone

unwanted input vibrations are discussed next. A special category of test arrangements is that in

nominally

unwanted input vibrations. Quantitative requirements are formulated in 6.4.

it enfhances the unidirectional vibration on the input flange (see note in this subclause).

the inpertial properties of the excitation mass. In certain cases it will be necessary to apply external constraints

5t element contains a mass-type input flange, which may provide the above-mentioned fu
kcitation mass may be omitted.

Predominantly unidirectional translation on the input side of the test element islan“essential requirg

predominance of the required translation will be influenced by

ymmetry of the vibration excitation and boundary conditions of the excitation’mass; see Figure 6;

ngs or some other guiding system to prevent vibrations in unwanted directions.
ppression of unwanted vibrations

verview

procedures according to this part of\JJSO 10846 cover measurements of transfer stifi
onal excitations one by one in the nermal and transverse directions. However, due to asy
, in boundary conditions and in~test elements properties, others than the intended inp
nt may show unwanted strong responses at certain frequencies. Qualitative measures f

equal test element are tested in a symmetrical configuration. This can be advantageous by

5.3.2

For excitation in the gormal direction, unidirectional excitation is of practical concern only for those
shapes df resilient supports that couple the normal and other vibration directions; see note in 5.1.6. For
the unwgnted input.vibrations may be strongly suppressed by taking the following measures:

symmetrical positioning of the exciter or pair of exciters;

rmal direction

hctions, the

ment for the
n transverse

such as roller

fnesses for
mmetries in
ut vibration
0 suppress
which two
suppressing

exceptional
such cases

using an axially symmetrical excitation mass;

using an excitation mass which has at the interface with the resilient support, large driving point impedances

for transverse and rotational directions, compared to the corresponding driving point impedances of the test
element.

Another method of suppressing unwanted input vibrations is the use of a symmetrical arrangement with two
nominally identical test elements, or of a ‘guiding’ system on the sides of the excitation mass, for example, roller
bearings. These systems are not shown in a figure, but they are rather similar to the examples for transverse
excitation, which are shown in Figures 5to 7.

© ISO 2002 - All rights reserved

11


https://standardsiso.com/api/?name=5b860ad4cd02e9e7570333385f454234

ISO 10846-3:2002(E)

5.3.3 Transverse direction

For excitation in the transverse direction, coupling between transverse and rotational input vibrations will always

occur.

Some examples of measures which may enhance unidirectional vibrations on the input side are discussed.
Figure 6 shows a symmetrical arrangement with two nominally identical test elements. Figures 5 and 7 show, as
examples, how a guiding system can be used to suppress input rotations. Another method uses a symmetrical
excitation block, which is excited along a line through its centre of gravity. In the frequency range where the
impedances of the block for transverse and rotational directions exceed those of the test elements and of

decoupling springs, the block vibrations will be strongly unidirectional.
2
o//
./ 8
Key
1 Exciter
2 Traverse
3 Connectlon rod
4  Low frictjon bearing
5 Test element
6 Blockinglmass
7 Dynamiq deCoeupling springs, static preload
8 Rigid foyndation

12

a) Complete system

Figure 5 — Example 1 of laboratory test rig for measuring the dynamic
transfer stiffness for transverse translations (continued)
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T
~J

Key

Statid| preload

Travefse

Low ffiction bearing
Accelpration measurement (a5)
Dynainic excitation

Excitgtion mass

Test ¢lement

N o g WON -~

b) Input side (details)

Key

1 Testelement

2 Blocking mass (m,)

3 Acceleration measurement (a5)
4 Rigid foundation

5 Acceleration measurement (a,)

c) Output side (details)

Figure 5 — Example 1 of laboratory test rig for measuring the dynamic
transfer stiffness for transverse translations
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Key
1

—
AN
RN

L

Excitation mass

2 Test elefnent

] \
g/ [/ VB
| R

w —|

2 1 8 1 2 3
4  Rigid foundation 7 Acceleration measurement (a,)
5 Acceleration measurement (z,) 8 Acceleration measurement (as)

3 Blockinglmass 6 Dynamic excitation
Figure 6 — Example 2 of laboratory test rig for measuring the dynamic
transfer stiffness for transverse translations
[
[ —
2 ~
%
3
6
L
5
\EB\><
—O0000
Key
1 Blocking mass 3 Test element 5 Acceleration measurement (a,)
2 Acceleration measurement (a,) 4  Excitation mass 6 Vibration exciter
Figure 7 — Example 3 of laboratory test rig for measuring the dynamic
transfer stiffness for transverse translations
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my

\

@

(N]
Q
®
\
my
NOTE The distance between the mass centres of the blocking mass.'and the flange equals c. The distance|between the

mass cenfre of the blocking mass and that of the compound body equals'b:

— C
b= 1+I112/I1’lf

Figlire 8 — Example of locating the mass_centre of the compact body composed of blockind mass
and output flange of the test element

6 Criteria for adequacy of the test arrangement

6.1 Frequency range

Each tesj facility has a limited frequency range in which valid tests can be performed. One limitation is given by the
usable bandwidth of the.vibration actuator.

Other limitations “fellow from the accuracy which is required for the approximation in using the transmissibility
measurement,sas in equation (1). In this part of ISO 10846, this approximation shall be accurate withjn 1 dB, i.e.
within 12 % of the magnitude of the calculated stiffness. This requirement can only be met in a limitefd frequency
range fo Kf<fo

One requirement for obtaining this accuracy is a large impedance mismatch between the test element and the
blocking mass in the direction of the blocking force which is determined. The measurements according to this part
of ISO 10846 are valid only for those frequencies where inequality (2) is valid

ALyp=L, ~L, >20dB (2)

where a4 denotes the acceleration of the input side and a, the acceleration of the blocking mass.
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Below a certain frequency f,, inequality (2) will be violated because of resonances in the system consisting of the
test element, the load distribution plate, the blocking mass and auxiliary springs. Generally speaking, increasing m,

of the block

NOTE

ing mass can lower f,.

For design purposes, the lower natural frequencies of the test arrangements can be estimated with the aid of

software for multi-body vibrations. The lower limit £, of the frequency range will be about three times the highest natural
frequency of the vibration modes (including those with rotations), which can affect the measurement directions. Nevertheless, at
certain frequencies above f, inequality (2) can be violated. Apart from test rig imperfections, stiffening of the test element due to
internal resonance can cause this.

The other requirement for an accurate result using equation (1) is the validity of the assumption that the blocking

mass vibra
limit f3 of th

6.2 Dete

6.2.1

The upper
the measu
equation (1

kot =1

where m; ¢
dependent

the acceleration a, of the blocking mass. In principle, this quantity depends on the excitation direction, on

over which

To be suita
of the procq

6.2.2 Use

Figure 9 prg¢sents nomograms for solid steel blocks with the shape of a cube or a cylinder.

If one of ¢
frequencieg

NOTE R
value of m, i
value for f,,
determine th

rmination of upper frequency limit /;

Effective mass

L

2.
p frequency range of valid measurements. This is discussed in 6.2.

equency limit /3 is a consequence of the fact that above a certain frequeney the blocking masg
ment of the blocking forces no longer vibrates as a rigid body. Inchjs’ case a modified v
is valid as follows:

Fop/uq = —(2Rf)2(m2‘eff +mf)T for |T] <<1

: denotes the effective mass of the blocking mass. The\effective mass is defined as the fr
ratio between the excitation force which is exerted by the resilient element upon the blocking 1

he mass is excited, and on the position of the accelerometers.

ble for measurements according to this part of ISO 10846, results shall be presented for /< f3
dures given in 6.2.2 and 6.2.3.

of preselected mass

hese block shapes is.used, transfer stiffness data can be calculated using equation (1
f< f3, where f3 for a-given dimension is taken from Figure 9a).

igure 9b) gives the)relationship between the mass m, and f; for the cylindrical and the cubical blocks. A
5 needed to obtainan appropriate value for f,. Therefore, if a block with mass m,, is to be chosen to obtai
then Figure 9b) can be used to determine the corresponding value of f; and then Figure 9a) can b
e diameter d.or rib length 7.

he upper

used for
ersion of

equency-
nhass and
the area

on basis

and for

minimum
h a certain
e used to

16
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Key
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dorr,m

a) f; according to this part of ISO 10846 for given block ditnensions

10 000 | | —
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Frequency, Hz
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100 Lol Lol |

100 200 400 | 1000 4 000[10 000 40 000
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m2! kg

b) f;according to this part of ISO 10846 for given block mass .,

1 For a solid steel cylinder

N

For a solid steel cube

SR

=h

is the edge length of the cube
is the diameter of the cylinder
is the height of the cylinder

Figure 9 — Nomograms for solid steel cylinders and cubes
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6.2.3 Experimental determination of effective mass

If the size, shape or mass of blocking masses covered by Figure 9 do not suffice for the purpose of measurements,
alternative geometries are allowed. However, in this case f3 must be determined experimentally. To uncouple
translations and rotations, the blocking mass should have such a symmetry that, in a system of Cartesian co-
ordinates with the mass centre as its origin and with the axes in normal and transverse directions of vibration, these
coordinate axes coincide with the principal inertial axes.

To fulfil this requirement, blocks made of homogeneous materials and with shapes such as solid cylinders, annular

cylinders, rectangular blocks or combinations of those may be used.

To determine f;, the effective mass m eff Shall be determined as a function of frequency according to a lEirocedure
described Qelow. The frequency f; is the lowest frequency at which the effective mass mgg deviates,'more than
12 % (i.e. 1|dB in level) from the mass m,.

Therefore, flynamic transfer stiffnesses of the element under test shall be calculated using(equation (1) and are
only presented for frequencies f'< f3, where the following inequality is valid:

‘AL|: 10Ig(m 3 o5t/ m3 )|dB < 1dB 3)
The procedure for the measurement of the effective mass is specified with thé)aid of Figure 10. Figures [10a) and
10b) show gxamples of a test element which is connected to a blocking mass over the contact area S. Quring the
testing of the resilient element, a; ¢ OF a3 1o, is Measured depending on/the direction of excitation on fthe input
side of the ¢lement.

Figures 10q) and 10d) illustrate the determination of the effective’mass for excitation in the vertical diregtion. The
blocking mass without the element under test is supported by*seft resilient elements. The natural frequency of this
mass-sprinI system shall be below 10 Hz.
On the sidg where aj, o is measured during the test of a resilient element, now an excitation force £, is @pplied in
the frequenpy range needed for testing the resilient element and along the axis through the mass centre. \I/ithin the
contact arep S two accelerometers shall be placed 'symmetrically to the vertical axis through the mass centre and
with a spacing D = VS. The effective mass is défihed as
2F,

x__ —< 4

M2 @y vaty) @
Figures 10¢) and 10f) illustrate(the determination of the effective mass for excitation in the horizontal difection. A

similar prog
through thg
between th

equation (4).

If at low fre
for the dete

edure is applied @s“described for the vertical direction, but now for excitation along a horizq
mass centre.‘and with two accelerometers within S in the horizontal direction. Again theg
bse accelerometers shall be equal to D =S and again the effective mass is defined acc|

nuencies (i.e. /< 40 Hz) m; o« deviates more than 1 dB in level from mj, this deviation shall b¢
Frhination of f3. The reason is that such a deviation will be caused by the mass-spring system |

ntal axis
spacing
prding to

b ignored
ehaviour

and not by

Ol- rIgIOI[y Oor e DIOCK.

The vibration exciter in the horizontal direction needs careful positioning to avoid excitation of block rotations.
Otherwise, the measurement according to equation (4) will cause a bias error, which makes it impossible to meet
inequality (3) even at lower frequencies.

The force and acceleration measurements shall be performed in accordance with the procedures of ISO 7626-1
and ISO 7626-2.

The realization of a wide frequency range for the measurements would require a low value of f5, i.e. a heavy block,
and at the same time a high value of f3, i.e. a block as compact as possible. Use of a material with high density and
wavespeed is thus preferable, for example, steel. If necessary, different blocking masses shall be used to cover the
desired frequency range.
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NI | \N
L
D
aZ, hor
& S
77872, hor
up)
32, ver
a) b)
c) d)
al1, all‘I
F2 ™ G
7.
e) f)
D=A\S
S is the|contact.area
Figure 10 — Examples of experimental determination of the effective mass

NOTE For design purposes, it can be simple and cost-effective to determine f; on a scale model mass. Using a model of
the blocking mass of the same material as the full-scale mass and with its linear dimensions reduced by a scale factor n, one will
find f3 (model) = n-f; (full scale).

6.3 Flanking transmission

In many test arrangements flanking transmission can limit the applicability or accuracy of the test method. The
flanking transmission may be due to airborne sound or due to structure-borne sound. Given the large variety of test
arrangements which are allowed, it is the responsibility of the user of this part of ISO 10846 to design tests which
make it plausible that the stiffness data which are presented have not been affected by flanking transmission.

These tests and their results shall be described in the test report.
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6.4 Unwanted input vibrations

Input accelerations in directions other than those of the excitation shall be suppressed according to 5.3.
Measurements according to this part of ISO 10846 are only valid when the input acceleration level in the excitation

direction ex

L, (exc

ceeds that in the other directions perpendicular to it by at least 15 dB, i.e.

itation) — L, (unwanted) > 15 dB

The measurement positions where this requirement shall hold are shown in Figure 11.

For normale

mterface b

a'q, shall bg
between th¢

Many types

measured at the edge of the excitation mass or force distribution plate and in the plane ofithe
excitation mass and the input flange [see Figure 11a)].

vibrations flom the other vibration directions; see note in 5.1.6, and annex B.

If the user

inequality (
symmetry t

e test element belongs (see annex B of ISO 10846-1:1997).

®)

and at the
a'y, and
interface

of resilient supports are sufficiently symmetrical about the axis of normal load to\Uncouple the normal

of this part of ISO 10846 shows that the test element has such symmetry, it is not requireq to obey
b) for tests with normal excitation. For this purpose it may be suffi¢ient to report to which| class of

For transverse excitation (x- or y-direction), the input vibration in the exeitation d|rect|on (aq, or a1y) |s measured
along a hofizontal symmetry axis of the excitation mass. The unwanted inputs a’y, and a'y, or a’y,
measured at the edge of the excitation mass and in the plane of thelinterface between the ex0|tat|on nass (see

Figure 11b)

When the
configuratio
inputs acco

mass-type input flange of the test element replaces the excitation mass (see note in

rding to inequality (5).

1

L

shall be

5.1.6), a

n similar to that in Figure 11 shall be defined.to’ test the adequacy of the suppression of yinwanted

a;xor a,

T b
Z i

vV T

Z 2 3 5
a) Normal excition (z-direction) b) Transverse excitation (x- or y-direction)

Key
1 Exciter
2 Excitation mass
3 Input flange of test object
4 Unwanted vibrationsa’y and a’y,
5

1 H ’ ’ ’
Unwanted vibrations a ', and a 1, 0ra’y,

Figure 11 — Measurement locations for checking the suppression of unwanted input vibrations

20
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6.5 Accelerometers

Accelerometers shall be calibrated in the frequency range of interest and shall have a sensitivity level which is
frequency independent to within 0,5 dB. Calibration shall be carried out according to ISO 5347-3.

The accelerometers shall not be sensitive to extraneous environmental effects such as temperature, humidity,
magnetic fields, electrical fields, acoustical fields and strain, and the sensitivity to cross-axis accelerations shall be

smaller than 5 % of the main axis sensitivity.

If displacement or velocity transducers are used, the same requirements as for accelerometers apply.

6.6 Fdrce transducers

Force tr

level which is frequency independent to within 0,5 dB. Calibration shall be carried out according tg
loading t

If an apy
sensitivit

The forc
magnetid
than 5 %

6.7 Su

If signals
tolerance
Another
made to
gain fact

6.8 An

Narrow-H

a)

In th
one-

sducers shall be used which are calibrated in the frequency range of interest and which,have
chnique as described in ISO 7626-1.

ropriate routine is available, i.e. an appropriate transfer function can be ‘applied digitally,
function shall meet the 0,5 dB requirement.

p transducers shall not be sensitive to extraneous environmental effects such as temperatur
fields, electrical fields, acoustical fields and strain, and the sensitivity to cross-axis forces s
of the main axis sensitivity.

mmation of signals

from force transducers or from accelerometers havé.been added, this shall be performed with
of 5 %. One way to realise this is to use identical transducers with sensitivities within 5 % of
vay is to perform the summation with the aid :of’a multi-channel analyser. In that case correcti
compensate both for differences in transducer sensitivities larger than 5 % and for differences
Drs (see 6.8).

alysers
and analysers shall be used.Wwhich fulfil the following requirements.

e frequency range of ,interest, the spectral resolution shall provide at least five distinct freq
third-octave band for-frequencies above f,.

a sensitivity
the mass-

the resultant

e, humidity,
hall be less

a maximum
each other.
bns shall be
in channel

Liencies per

difference in freguency responses between the channels (including signal conditioning equipfent) which
ised for the“acceleration measurements on the input and output side shall be less than (
surement~with the same frequency resolution as used for testing the resilient support
ections-shall be made to compensate for the differences in channel gain factors.

,5dB for a
Otherwise

ite noise) is

eloutput ratio

should be less than 0, 5dB otherW|se the measured gam ratlo shall be used as a correct|on factor for the
measured dynamic stiffness.

7 Test procedures

7.1

Installation of the test elements

The test element is attached to the excitation mass and to the blocking mass in a way which ensures good contact
over the entire surface of the flanges. Devices which are not part of the resilient element in practical application
shall be de-activated and removed.
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NOTE 1 To improve a good contact between the resilient support and the mass on both sides, grease or double-sided tape
may be added. However, in the latter case problems can occur in the high frequency range. For test elements with big flanges,
flattening may be necessary to obtain unambiguous test results.

Test elements that contain rubber-type components will show a change of load or deflection due to creep. For such
elements preloading shall be applied to 100 % of the permissible static load. Change of load or deflection due to

creep shoul

NOTE 2

d be less than 10 % per day before valid measurements can be performed.

available. Appropriate selection will take into account the required load or deflection range of the resilient test element.

Transducers for measuring static load or static displacements and documentation for their application are commonly

No particula

7.2 Mou

Accelerome
respectively

7.3 Mou

A connectid
such a way

! n ! : : £ ! : 1 1 o 1 (R T TIN L
I Prefioduniy proteudurce 1s reyuinreu 101 bi.UUI SPTTTYS, Uui. i.IIU dPpPIopridie preiudu stidil U dppIic

nting and connection of accelerometers

ters are mounted on the input and output sides of the test element, to measure a4, a
. The connection shall be stiff. Mounting shall be carried out in accordance with-ISO 5348.

nting and connections of the vibration exciter

n rod may be necessary between the vibration source and the excitation mass. It shall be de
that strong transverse vibrations and sound radiation are avoided due to resonance of this rod

7.4 Souice signal

One of the 1
a discr
a swep
a perio
a band
The source
not differ m

periodically
f>/f>each ¢

ollowing source signals may be used:

btely stepped sinusoidal signal;

t sine signal;

dically swept sine signal; or

width-limited noise signal.

signal shall be applied for.a sufficiently long time to allow for averaging so that the measured 1
ore than 0,1 dB when_the’averaging time is doubled. When discretely stepped sinusoidal s

swept sine signals are_used, the spacing of the frequencies of the source signal shall be suc|
ne-third-octave band-of the analysis contains at least five frequencies of the source signal.

7.5 Mea

7.51

urements

Gernleral

(o8

b and as

signed in

esults do
ignals or
h that for

The measurements shall be carried out under one or more specified load conditions, representing the

range of

loads in practice.

The measurements shall be carried out under one or more specified environmental temperatures, representing the
range of environmental temperatures in practice. The environmental temperature shall be monitored during the
measurements. The resilient elements under test shall be exposed for at least 24 h to the appropriate
environmental temperature within a tolerance of 3 °C, before they are tested.

If it is known or if it is reasonable to expect that the material properties of the element under test (e.g. damping) are
very sensitive to changes in the temperature or humidity of the element, tolerances for the temperature and
humidity shall be defined within which the measurement uncertainty according to 7.5.3 is maintained.
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In a pre-run, the acceleration level La2 shall be determined with and without the vibration source in operation. If
possible and unless otherwise specified, the source output is adjusted to obtain a minimum level difference of
15 dB in all frequency bands of interest, compared to the measurements with the source switched off.

The main measurements are carried out for the acceleration a4 on the input side of the test element, for the
acceleration a, on the output-side and for the acceleration a3 on the foundation of the test rig. Measurement results
which do not meet the conditions of 6.4 shall be excluded from the evaluation of the dynamic stiffness function.

7.5.2 Validity of the measurements

Conditio
a) appf

the
cons

b)

It is the r

753 M

The stan
ISO 1084

NOTE

S 101 e valldity Of the measurerrerit metnoa are e 101nowing.
oximate linearity of the vibrational behaviour of the isolator (see 7.6);

contact interfaces of the vibration isolator with the adjacent source and receiver’ structu
idered as point contacts.

bsponsibility of the user to demonstrate the frequency range of validity.

easurement uncertainty

dard deviation of the dynamic transfer stiffness of a resilient elefnent measured according to
6, is approximately 2 dB in level or approximately 26 % in magnitude.

The standard deviation can be frequency dependent. Given the present state of the art, furthe

measurenient accuracy is needed. For this purpose an interlaboratory test will be organized.

7.6 Tepst for linearity

In the IS
linear mq
approxin
approxin
considers

Because
with resp
input acg

The valig
for input
proportio
may be ¢

For the p

O 10846 series, the concept of dynamic transfer stiffness and the methods to measure it an
dels for the vibration behaviour of resilient elements. However, real vibration isolators show
ately linear behaviour. Therefore, .to__define precisely what is accepted in this part of IS
ately linear, the validity of dynami¢ transfer stiffness data in relation to input vibration le
bd.

a full test on linearity is impractical, data measured according to this part of ISO 10846 shall
ect to the degree of propertionality between output and input, in terms of the ratio of force o
eleration (or velocity;-or-displacement); see 3.11, notes 1 and 2.

ity of dynamic transfer stiffness data measured according to this part of ISO 10846 may only
amplitudes Wwhich are equal to or lower than those applied in the tests, and for which 3
hality between output and input has been proved. This upper boundary of input levels for whic
laimed_shall be specified in the test report.

roportionality test, the following procedure shall be applied.

res can be

this part of

r testing on

e based on
at best only
D 10846 as
vels will be

be checked
utput to the

be claimed
pproximate
h valid data

Let A be a one-third-octave-band spectrum of input levels.

Let B be another input spectrum, with one-third-octave-band levels at least 10 dB lower than A.

If the transfer stiffness levels for both excitation spectra A and B do not differ by more than 1,5 dB, then the

transfer stiffness data shall be considered as valid in the range of input levels (or corresponding input

amp

litudes) equal to or smaller than those of A.

If the maximum levels of A which are possible in the test rig are lower than typical input levels in practical

applications of the tested elements, the test rig shall be modified or another test rig shall be used in order to

obta

in valid data for those applications.
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e)

levels until a valid input level range has been determined for proportionality between output and input.

If the tests as described under c) lead to unacceptable results, the tests shall be repeated with lower input

The range of valid input levels shall be specified as the values of one-third-octave-band levels of the input
accelerations (or displacements if input displacements have been measured), which are equal to or lower than
those in the test with the higher input levels and with valid results.

NOTE
presented. F

or example, this may be a maximum of r.m.s. input displacement.

On basis of the upper boundary of input levels, simplified information can be derived which may optionally be

If a test element fails to meet the above-mentioned criteria for proportionality between input and output, it shall be

considered
Nevertheleg
sinusoidal g

8 Evalu

8.1 Eval
The dynam

Within the

vibration trgnsmissibility 7, the loss factor (/) of the test element is calcdlated in accordance with 3.6 from

n(f)

The evalualion of the loss factor is optional. For higher frequencies the resilient support no longer behg

massless s
the resilient

If the loss
example, 3
recommend

8.2 Oneithird-octave-band valueés) of the frequency-averaged dynamic transfer stiffness

One-third-o

|

where the s

k

av

as non-linear. This part of ISO 10846 does not provide a measurement procedure for sSud
s, large parts of it may then still be used to define application oriented test procedures
xcitations with prescribed amplitudes.

ation of test results

hation of dynamic transfer stiffness
c transfer stiffness is calculated from equation (1).

same limitations and additional requirements on the measudrement precision which provid

m{T(f)}/Re{T(/)}

bring. Then it is no longer correct to use equation*(6) as a characterization of the damping pro
support (see ISO 10846-1).

loss factor n=0,01 corresponds.:te~a phase angle ¢=arctg(n)=0,57° for T. In such c3
ed to design a test with a so-called-half-value bandwidth method.

ctave-band averages.of k; 4 are obtained as follows:

1
%i]kzn (.fz’)|2}

2

ummation is performed over a minimum of » = 5 frequencies.

NOTE1 A

h cases.
e.g. for

b for the

(6)

ves as a
pberties of

factor is very small, then its evaluation-using equation (6) will become very sensitive to efrors. For

ses it is

(7)

veraging over the squared magnitude is chosen to emphasize the maxima in the stiffness values, whi

are the most

NOTE 2

important ones.

third-octave band analyser, in the case of a flat power spectral density function of the input displacement u,.

NOTE 3

amount of data. However, phase information is lost.

ch usually

The result of equation (7) is consistent with the frequency-averaged result measured directly with a real time one-

It is evident that the presentation in terms of one-third-octave-band stiffnesses forms a practical reduction of the

The results are presented in terms of the level of frequency-averaged dynamic transfer stiffness in accordance with

3.18.

Geometric centre frequencies f;, for one-third-octave pass bands shall be used in agreement with ISO 266.

24
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8.3 Presentation of one-third-octave-band results

The presentation of the dynamic transfer stiffness levels for one-third-octave bands may be in the form of tables
and/or in graphical form. A table shall contain centre frequencies of one-third-octave bands, levels of dynamic
transfer stiffness in decibels, and specification of the reference value (i.e. 1 N-m1).

The format of the graphs shall be as follows:

— vertical scale: 20 mm for 10 dB or equivalent for a factor 1012 in magnitude;

— hori -UI |ta: oua:c. 5 LILLLILAL pUI UTIT th;ld UthVC balld.
In print tlese dimensions may be enlarged or reduced, provided that the proper ratio is maintained:"Gfids may be
used for the sake of clarity.
NOTE An example of the graphic format is shown in Figure 12. In addition to the decibel scale\(vertical scale|on the left) a
logarithmig vertical scale in newton per metre is given on the right.
The presgntations shall include a clear description of the transfer stiffness concerned.
e . E
P-4 e L s B B B B = o s s e L
“q:,' B _
= _
3 _
& 10 — _
x
~
100 — — 10°
90 _
ol o Lo Lo Lo Lo b g 104
16 31,5 63 125 250 500 1000 2 000 L 000
Frequency, Hz
Figure 12— i =third= = le dynamic

transfer stiffness with an example of scale values

8.4 Presentation of narrow-band data

The magnitude and phase spectra of the dynamic transfer stiffness and spectra of the loss factor may be presented
optionally. The frequency resolution of the narrow-band analysis shall then be used.

It is the responsibility of the user of this part of ISO 10846 to provide sufficient complementary information on the
accuracy of the narrow-band phase or loss factor data.
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The presentation of the level of the magnitude of the dynamic stiffness shall be in graphical form and shall specify
the reference value (i.e. 1 N-m~1). The format of the graphs shold preferably be as follows:

— vertical scale: 20 mm for 10 dB or equivalently for a factor 1012 in magnitude;

NOTE

horizontal scale: 15 mm per octave band.

See further remarks in 8.3 on printing.

The presentation of the phase data shall be in graphical form.

The format

vertica

horizon

[«

N

NOTE

The presen
follows:

vertica

horizorn

[«

N

NOTE

The presen

9 Inforn
If relevant d

enviror

static p

relative

10 Test |

The test rey

pof the graphs shall be preferably as follows:
scale: 40 mm for the range —180° to +180°;
tal scale: 15 mm per octave band.
ee further remarks in 8.3 on printing.

tation of the loss factor shall be in graphical form. The format of the“graphs should prefera

scale: 20 mm for a factor 10 in loss factor 7;

tal scale: 15 mm per octave band.
ee remarks in 8.3 on printing.

ations shall include a clear description of the transfer stiffness concerned.

hation to be recorded

uring the measurements, the following data shall be recorded:

mental temperature (including its variation during the tests), in degrees Celsius;
reload(s), in newtons;

humidity, in percent.

eport

ort-shall make reference to this part of ISO 10846 and shall include at least the following inforn

bly be as

nation:

a)

b) informa

the name of the organization that performed the test;

tion on the test element, including

manufacturer, type, serial number,

(auxiliary parts not included in the tests) shall be clearly defined,

26

data provided by the manufacturer in relation to the application as vibration attenuator;

description of the element; in cases where that is not self-evident, the test element and non-test elements

© 1SO 2002 - All rights reserved


https://standardsiso.com/api/?name=5b860ad4cd02e9e7570333385f454234

The folloying are optional:

1)

m) narrpw-band magnitude spectra of dynamic transfer stiffness;

n)

0)

ISO 10846-3:2002(E)

photograph(s) of resilient element and test arrangement; description of auxiliaries for static preload(s);

descriptions of the excitation mass, if present, and of the blocking mass (dimensions, material, mass) and of
the attachment to the test element;

spectra of acceleration level differences to check equation (2) and equation (5) (see 6.1 and 6.4);
test conditions

— environmental temperature(s) and variation during the tests, in degrees Celsius,

— ptatic preload(s), in newtons or pascals,

— fany other relevant special condition (e.g. static deflection and super-imposed low frequengy vibration:
amplitude, frequency);

desgription of test signal(s);

spedtrum of acceleration level La1 at the input side of the test element (displacement levels if digplacements

havg been measured);

the measurement and analysis equipment used, including type,<location, serial number, calipration and
manfacturer;

presgntation of frequency-averaged dynamic transfer stiffness;)in one-third-octave band levels;

desgription of the linearity test, see 7.6, including dataxon levels or amplitude range of the accelgration a4 or
the displacement u4 for which the test data are considered to be valid.

meafsurement data for 10 Ig (my 4% /m,2).to-determine f; (see 6.3);

narrpw-band phase spectra of dynamic transfer stiffness;
narrpw-band spectra of the loss factor, including a statement (with reference to 1ISO 10846-1) that 7 is only
diregtly representative-of the dissipation losses at low frequencies, where inertial forces inside the fest element
are megligible;

stati¢ load-deflection curve, see annex B;

real pnd‘imaginary parts of transfer stiffness;

simplified information of upper boundary of input levels for which the test data are considered to be valid (e.g.
a maximum of r.m.s. displacement);

tolerances of test element temperature within which the maximum measurement uncertainty according to 7.6.3
is maintained;

relative humidity, in percent;
description of tests on possible influence of background noise;

description of test on possible influence of flanking transmission.
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Annex A

(informative)

Transfer stiffness related to rotatory vibration components

A.1 General

In all parts
standardize
determine t

This annex
clause 5 to

A.2 Thed

For a singlg
ISO 10846-

The transfe
torques on
other hand.

Figure A.1 §

ry

kFZx'u‘lx
szyﬂMx
kFy,ur,
ksz,uu

kMZy!”‘bc

_kMZZv“1x

szxmy
kFZy’” 1y
szzmy
kszﬂMy
kMZy’”Iv

kMsz“'ly

kFy s,
szymz
kFa s,
Ky s,
kszﬂMz

kMZz’u1z

kFZxJ/'Ix
szym
kFo. 1
kMZx:71x
kM2y171x

kM22171x

kF2xv71y
kF2y171y
szzmy
kMZx’}/’Iy
kMZy!71y

kM22v71y

kFva71z
kF2y171z
ka1,
kMZx:71z

kMZy!71z

kM22171z |

shows the orthogonal system of the translatory and rotatory forces and displacements.

of ISO 10846, only the measurements of transfer stiffnesses for translatory vibration components are
d. However, the indirect method which is covered in this part of ISO 10846 can be’extended to
ansfer stiffnesses for rotatory components as well.

describes the theory, measurement principles and also the adaptation of the\test rigs described in
perform measurements with rotatory components; see bibliographic references\[8] and [9].

resilient vibration isolator, the transfer stiffness matrix is a 6 x/6\matrix according to equation (A.1). See
1 for a description of the complete 12 x 12 stiffness matrix.

(A1)

r stiffnesses in the matrix;-of equation (A.1) determine the ratios between the blocking forces and
the outside on the one~hand, and the translatory and rotatory displacements on the input side on the

28

© 1SO 2002 - All rights reserved


https://standardsiso.com/api/?name=5b860ad4cd02e9e7570333385f454234

ISO 10846-3:2002(E)

FZ’UZ

< > Mz vz

My, 7x My.7y

FX,UX

Figure |JA.1 — Cartesian coordinate system with-forces, torques, displacements and rotary displacements

A shortel] notation for equation (A.1) is given by

{El, =[k21]-{us) (A.2)

A simila equation is valid .when the input and output positions are reversed, i.e. when the displacements are
enforced|at position 2 and'the vibrations are blocked at position 1.

Then eqyation (A.2) is-replaced by

{Eaf = k2] luz) (A3)

Becauseleffeeiproeity

T

[k2,1] = [k1,2] (A.4)
The equality in equation (A.4) has the important practical implication that sometimes a difficult measurement of an
element of [k, 4] can be replaced by a simpler measurement of the corresponding elements of [k o]. This means

that a measurement is performed with the resilient element under test turned “upside down”.

Usually, for practical isolators, symmetry causes the number of non-zero transfer stiffnesses to be much smaller
than 36.

NOTE  See Figure A.1 for the corresponding coordinate system.
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Figure Al2 — Resilient support with ten non-zero transfer stiffnesses’in accordance with equation (A.5)

Figure A.2 hows an example of a resilient support which has ten nonzzero transfer stiffnesses; see amnex B of
ISO 10486-11:1997. These are as follows:

kFZx’”‘lx 0 0 0 kF2x171y 0
0 kFZy!u‘ly 0 kFZy'71x 0 0
o] 0 0 kpyup 0 0 0 ~s)
0 kMZx'“1y 0 kMva71x 0 0
kMZy’”1x 0 0 0 kM2y'71,v 0
0 0 0 0 0 kity 1.

The ten transfer stiffnesses of equation’ (A.5) can be divided into three categories, as follows.
a) Diagonal elements for translatory components

The measufements of thethree diagonal matrix elements &z, . kg, , andkg , using the indirect method is the
adl X yr 1y w4l z
topic of the [main bodyof this part of ISO 10846 and needs no further discussion in this annex.

b) Off-diagonal\elements including one translatory and one rotatory component

The four off-gfagomatTmatrix etements 7% 19 19 anad—k Tam be measured using - the  indirect
) F2x’ 71)/’ F2y’ 71y’ MZ‘(’ Uqy, MZy’uh 9

method and in the same test arrangement described in clause 5. The measurement principle is discussed in A.3.

c) Diagonal elements for rotatory components

The measurements of the three diagonal matrix elements &y, .., ky, . andk,, . canbe performed using the
X1 X 4% |y ¥4 z

indirect method. However, for these measurements the test arrangement described in clause 5 has to be modified.

The measurement principle is discussed in A.4.
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