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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
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| Standard requires approval by at least 75 % of the member bodies casting'a.vote.
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roduction

Passive resilient elements 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.
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part of ISO TUB46 specities a direct method for measuring the dynamic transier stiiness 1unch
ient supports. This includes resilient supports with non-linear static load-deflection characteris
he elements show an approximate linearity for vibration behaviour for a given static preload.
10846 belongs to a series of International Standards on methods for the laboratory”meas
b-acoustic properties of resilient elements, which also includes documents on measurément p
ndirect method and on a driving point method. ISO 10846-1 provides guidancexfor the sele
ropriate International Standard.
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Acoustics and vibration — Laboratory measurement of vibro-
acoustic transfer properties of resilient elements —

Part 2:

Di
re

1
This
resi
the
eler

Res

NOT

NOT
des

Med

The
by t

NOT

adequacy ‘of-the test rig is not defined for a fixed frequency range, but on the basis of measured data, as de
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silient supports for translatory motion

Scope

part of ISO 10846 specifies a method for determining the dynamic. transfer stiffness for tra
ient supports, under specified preload. The method concerns the laboratory measurement of V|
input side and blocking output forces and is called “the direct method”. The method is applig
hents with parallel flanges (see Figure 1).

ilient elements, which are the subject of this part of ISO 10846, are those which are used to reg

the transmission of vibration in the lower part of the atdible frequency range (typically 20 Hz t(
and

the transmission of low-frequency vibrations (typically 1 Hz to 80 Hz), which may, for examp
human subjects or cause damage to stfuctures of any size when vibration is too severe.

E1 In practice, the size of the available test rig(s) can restrict the use of very small or very large resili¢

E2 Samples of continuous-stipports of strips and mats are included in this method. Whether or ng
ribes the behaviour of the complex system sufficiently is the responsibility of the user of this part of ISO 1

surements for translations normal and transverse to the flanges are covered in this part of ISO

direct methodovers the frequency range from 1 Hz up to a frequency f , which is usually
ne test rig.

E3 Becduse of the large variety of test rigs and test elements, f, is variable. In this part of IS
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tion of the transfer of vibration energy through isolators.

Vhen a resilient support has no parallel flanges, an auxiliary fixture is included as part of the test.eleme
arallel flanges.

'he arrows indicate the load direction.
Figure 1 — Example of resilient supports with parallel flanges

tained according to the method specified in this part of ISO 10846 ¢an be used for the followin
information provided by manufacturers and suppliers;
tion during product development;

control;

ative references

hg referenced documents are indispensable for the application of this document. For d
only the edition cited applies. ‘For undated references, the latest edition of the referen
ncluding any amendments).-applies.

toustics — Preferred frequencies

L1), Mechanical vibration, shock and condition monitoring — Vocabulary

lechanical vibration and shock — Mechanical mounting of accelerometers

Vibration) and shock — Experimental determination of mechanical mobility — Part 1: B
nd transducers

1{-Acoustics and vibration — Laboratory measurement of vibro-acoustic transfer propertie

nt to

hted
ced

asic

5 of

resilient elements — Part 1. Principles and guidelines

ISO 16063-21, Methods for the calibration of vibration and shock transducers — Part 21: Vibration calibration
by comparison to a reference transducer

ISO/IEC Guide 98-32), Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM 1995)

1) To be published. (Revision of ISO 2041:1990)

2)
1995.

ISO/IEC Guide 98-3 will be published as a re-issue of the Guide to expression of uncertainty in measurement (GUM),
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Terms and definitions

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

31

vibration isolator

resi

lient element

isolator designed to attenuate the transmission of the vibration in a certain frequency range

NOTE Adapted from 1SO 2041:—"), definition 2.120.

3.2
res
vibr

3.3
test
resi

34

blo¢

Fyp
dyn

3.5

dynamic transfer stiffness

k2,1
freq
dis

NOT
NOT

NOT
ratio
as w

3.6

los$ factor of resilient element

n
ratid

low-

lient support
ation isolator(s) suitable for supporting a machine, a building or another type of structuré

element
ient support undergoing testing, including flanges and auxiliary fixtures, if any

king force

Bmic force on the output side of a vibration isolator, which results/in a zero displacement output

uency-dependent ratio of the blocking force phasor F, 1, on the output side of a resilient ele
lacement phasor x4 on the input side

koyq = Eop/uy

E1 The subscripts “1”and “2” dengte; the input and output sides, respectively.
E2  The value of k,, can be«dependent on the static preload, temperature, relative humidity and othe

E3 At low frequencies,\k), is solely determined by elastic and dissipative forces and k, ,~k,, (k,
of force and displacemént)on the input side). At higher frequencies, inertial forces in the resilient eleme
elland k ,=k,,.

of thélimaginary part of k, 4 to the real part of ; 4, i.e. tangent of the phase angle of
frequéncy range, where inertial forces in the element are negligible

ment to the

conditions.

denotes the
nt play a role

kg 4, in the

3.7

frequency-averaged dynamic transfer stiffness

k

av

function of the frequency of the average value of the dynamic transfer stiffness over a frequency band Af

NOTE See 8.2.

3.8

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

© 1SO 2008 — All rights reserved
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3.9

normal translation
translational vibration normal to the flange of a resilient element

3.10
transverse

translation

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

3.1
linearity

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

NOTE 1 )
separate tes

ay4(t) + by,(t

NOTE2 |
the dynamic]
nominally in
between the

3.12

[he principle of superposition can be stated as follows: if an input x,(z) produces an output y,(z)(and

in a

an input x,(¢) produces an output y,(z), superposition holds if the input ax,(¢) + bx,(f) produces‘the oditput

. This must hold for all values of @, b and x,(¢), x,(?); « and b are arbitrary constants.

h practice, the above test for linearity is impractical and a limited check of linearity is performed by measuiring

transfer stiffness for a range of input levels. For a specific preload, if the dynamic_transfer stiffne
ariant, the system can be considered linear. In effect, this procedure checks for aproportional relatior]
response and the excitation (see 7.7).

direct method

method in
measured

3.13

indirect m
method in
is measure

NOTE
impedance.

1

3.14

which either the input displacement, velocity or acceleration~and the blocking output force

thod
\];hich the vibration transmissibility (for displacement;.velocity or acceleration) of a resilient elen

, with the output loaded by a known mass

'he term “indirect method” can be permitted to include loads of any known impedance other than a mass
However, ISO 10846 does not cover such metheds.

driving point method

method in v
the output g

3.15

force level
Lr

level define

Lr=1

hich either the input displacemeént, velocity or acceleration and the input force are measured,
ide of the resilient element blocked

d by the following formula

2
g ——5-dB

Fy

bS IS
ship

are

hent

-like

with

where

F2 denotes the mean square value of the force in a specific frequency band and Fy is the reference
force (Fy =106 N)
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3.16
acceleration level
L

a
level defined by the following formula

2
L,=10lg" dB
ag

where

a2 denotes the mean square value of the acceleration in a specific frequency band @nd ag is the
reference acceleration (ap = 106 m/s?)

3.17
levegl of dynamic transfer stiffness

Lk21

level defined by the following formula

=10 |k2’1|2
Lkzq_ g kg dB

whdre

|k271|2 is the square magnitude of the dynamic transfer stiffness (3.5) at a specified frequentgy and kg is
the reference stiffness (kg = 1 N/m)

31
level of frequency-band-averaged dynamic transfer stiffness

Ly
al
levgl defined by the following formula

k2
Lkav=10IgL2V dB
ko
where
k,, is the frequency-averaged dynamic transfer stiffness (3.7) and k; is the referenge stiffness
(kg = 1. N/m)
3.1¢
flanking transmission

de but via

3.20
upper limiting frequency
JuL

frequency up to which the results are valid, according to the criteria given in this part of ISO 10846

NOTE See 6.11t06.4.

© 1SO 2008 — All rights reserved 5
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4 Principle

The measurement principle of the direct method for measuring the dynamic transfer stiffness (3.5) is
discussed in 1SO 10846-1. The characteristic feature of this method is that the blocking output force is
measured between the output side of the resilient support and a foundation. The foundation must provide a
sufficient reduction of the vibrations on the output side of the test object compared to those on the input side.

5 Requirements for apparatus

5.1 Normaltranslations

5.1.1 Overview

A schematic representation of a test rig is shown in Figure 2. The test element is exposéd) to translgtory
vibration in [the normal load direction. The test element shall be mounted in a way that is representative qf its
use in practice.

NOTE he test rig example of Figure 2 is not intended to form a limitation for test arrangements.

To be suitdble for the measurements according to this part of ISO 10846, a test rig shall include the it
described in 5.1.2 to 5.1.7.

U
3
7

9
10

L

a —3
o5 b) Input side (details)
Fo, a, - A ————— —_ 6
N 6
\\
713 ik
s e
8 2 8
F2 ’ F2 " '//
a) Overview c) Output side (details)
Key
1 vibration exciter 8 rigid foundation
2 traverse 9 static preload
3 connection rod 10 dynamic excitation
4  dynamic decoupling springs, static preload 11 output-force distribution plate
5 excitation mass 12 input acceleration measurement (a,)
6 testelement 13 output acceleration measurement (a,)
7  output force and acceleration measurement 14 normal output-force measurement (F2 =Fy + Fz")

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

6 © 1SO 2008 — All rights reserved
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5.1.2 Foundation

The test element is mounted on a heavy and rigid foundation using a force measurement system [see 5.1.4
and Figure 2 c)].

5.1.3 Static preloading system

Measurements shall be performed with the test element under a representative and specified preload.
Examples of methods for applying the static preload are as follows.

a) Use of g hydmnlir‘ actuator _which serves also as a vibration exciter This is mounted in a Joad frame,
together with the test element and the foundation table.

b) |Use of a frame, which provides static preload only; see Figure 2 a). If such a frame .is appli¢d, auxiliary
vibration isolators shall be used for dynamic decoupling of the test object from the frame.

c) |Use of a gravity load using a mass on top of the test object (with or without a support frame).

5.1.4 Force measurement system on the output side

A fgrce measurement system consisting of one or more force transducers (load cells) shall be instplled on the
output side of the test element; see Figure 2 c).

NOTE It might be necessary to apply a force distribution plate bétiveen the test element and the force|transducers.
Besides its function of load distribution, the force distribution platesalso provides a high contact stiffness| to the force
trangducers. Moreover, it provides a uniform vibration of the output‘flange.

5.1.p Acceleration measurement systems
Accklerometers shall be mounted on the input and output side of the test element and on the foundation of the
test| arrangement; see Figures 2b) and 2\c). When mid-point positions are not accessihle, indirect
measurement of mid-point accelerations shall be performed by making an appropriate signal summation, for
example, by taking the linear average for:two symmetrically positioned accelerometers.

As @n option, instead of accelerometers, displacement or velocity transducers may be used, pfovided that
theif frequency range is appropriate.

5.1.p Dynamic excitation)system

Thel dynamic excitationsystem shall be suitable for the excitation level and for the frequency rangeg of interest.
Any] type of excitenis/permitted. Examples are

a) |a hydraulic actuator which also can provide a static preload, or

b) |oné.or more electrodynamic vibration exciters (shakers) with connection rods, or

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 that 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.

© 1SO 2008 — All rights reserved 7


https://standardsiso.com/api/?name=e6f84141a89047cbe3371a7b21c918d1

ISO 10846-2:2008(E)

5.1.7 Excitation mass on the input side

The excitation mass or force distribution plate on the input side of the test object has one or more of the

following fu
a)

b)

nctions:

to provide a uniform vibration of the input flange under dynamic forces;

to enhance unidirectional vibration of the input flange.

If the test element contains a solid-mass-type input flange, which can provide the above-mentioned functions,

the special

5.2 Tran

5.21

Schematic
the normal

Ovdrview

excitation mass may be omitted.

sverse translations

load direction are shown in Figures 3 to 5. In Figures 3 a) and 3 c), roller bearings are u

fepresentations of test rigs for resilient supports exposed to transverse vibrations perpendicular to

5ed,

respectively for suppressing unwanted input vibrations and for suppressing unwanted transverse forces or| the

output-force distribution plate. See 5.2.7 and 6.1 for further comments on the propeér use of such bearings. In

Figures 4 gnd 5 two symmetrically placed nominally equal resilient elements are used for suppresging

unwanted input vibrations.

The test rig|shall include the items listed in 5.2.2 t0 5.2.7.

5.2.2 Foundation

The test element is mounted on a heavy and rigid foundation table (see Figures 3 and 4) or between|stiff

columns (s¢e Figure 5), using a force measurement system.

5.2.3 Stafic preloading system

Measuremgnts shall be performed with the{ test element under a representative and specified prelpad.

Figures 3 tq 5 present some schematic examples.

5.2.4 For¢e measurement systemon’'the output side

A force megsurement system consisting of one or more force transducers (load cells) shall be installed or| the

output side [of the test element~Two basic options exist.

a) One orfmore forcetransducers for the measurement of shear forces; see Figures 3 d), 4 and 5. It may be
necesgary to apply‘a force distribution plate between the test element and the force transducers (seq the
notes ip 5.1.4);

b) One ormore normal force transducers; see Figure 3 c). It may be necessary to apply a force distribytion
plate butVVUUIl t: 1T tcat UiUIIIUI It dl |u' t: 1< fUIbU tldl IDdUL’UID, oCCT t; < IIUtU ;II 51 4

5.2.5 Acceleration measurement systems on the input and output sides

Accelerometers shall be mounted on the input and output side of the test element.

The accelerometers on the test element flanges or on the force distribution plate may be placed on horizontal
symmetry axes of these components. When such places are not accessible, indirect measurement of the
acceleration along a symmetry axis may be performed by making an appropriate signal summation, for
example, by taking the linear average for two symmetrically positioned accelerometers.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=e6f84141a89047cbe3371a7b21c918d1

ISO 10846-2:2008(E)

Provided that displacement or velocity transducers have the appropriate frequency response, they may be
used instead of accelerometers.

b) Input side (details)

F
12 32 ar— |— 13
—3 10
1 —4 8
— . B
2 1 | — 5
[ c) Outputiside with low friction|bearing
(details)
——6
2
a1 | o] /7 — 6
F, a,—] 10
—Ft—8
— 8
a) Overview d) Output with shear force transducers
(details)
Key
1 |exciter 8 rigid foundation
2 |connection rod 9 input-force distribution plate (excitation mdss)
3 |traverse 10 output-force distribution plate
4 |low-friction bearing 11 input acceleration measurement (a,)
5 [|auxiliary springs to prevent rattling 12 output acceleration measurement (a,)
6 |test element 13 output transverse-force measurement (F),
7 |output force ahd acceleration measurement 14 output shear-force measurement (Fz =Fy + F2”)
Figure 3 — Example 1 of laboratory test rig for measuring the dynamic
transfer stiffness for transverse translation

© 1SO 2008 — All rights reserved 9
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] ]

/3
4
1”—’. = a,
| —06
- \\5
32 \\4
[ee] L
2 F2 ' F2 " \7
8
— 1 9
Key
1 exciter 6 input acceleration measurement (a,)
2 connectjon rod 7 output acceleration measurement (@)
3 traverse) 8 output shear-force measurement (F2 =F, +F2")
4 nominally equal resilient elements 9 rigid foundation
5 input-force distribution plate
Figur 4 — Example 2 of laboratory test rig for measuring the dynamic transfer stiffness for
transverse translation (The lower resilient element'is considered as the test element)
o— |
9
as E@
Key
1 exciter 6 rigid columns
2 preloading device 7 input acceleration measurement (a,)
3 connection rod 8 output shear-force measurement [F, = (F,’ + F,")/2]
4  input-force distribution plate 9 output acceleration measurement (a,)
5 nominally equal test elements

Figure 5 — Example 3 of laboratory test rigs for measuring
the dynamic transfer stiffness for transverse translation
(Test results are for the average transfer stiffness of two nominally equal resilient elements)

10
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5.2.6 Dynamic excitation system
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The dynamic excitation system shall be suitable for the excitation level and frequency range of interest.

Exa

mples of vibration exciters are given in 5.1.6.

5.2.7 Excitation mass on the input side

The

a)

Input-force distribution plate (mass) has one or more of the following functions:

to provide a uniform vibration of the input flange under dynamic forces

b)

If th
the

Pre
the
preq

a)

b)

Inc
guid

NOT

element and a frame for preloading, the appropriate\rofler bearings for the applied static preload are ne

elas
Othg
seri

5.3

5.3.

The]
unid

Hov
othd
freq
spe
syn

to enhance unidirectional vibration of the input flange.

e test element contains a solid-mass-type input flange, which can provide the above-mentione]
special excitation mass can be omitted.

Jjominantly unidirectional translation on the input side of the test element is an-gessential req
measurement of dynamic stiffness according to this part of ISO 10846 (see“-6.4). For input
ominance of the required translation will be influenced by

the symmetry of the vibration excitations and boundary conditions ‘of the excitation mass (se
and 5), and

the inertial properties of the excitation mass.

brtain cases, it will be necessary to apply external constraints, such as low-friction bearings or
ing system, to prevent vibrations in unwanted directioiis; see Figures 3 a) and 3 b).

E When, as in the example of Figures 3 a) and:3'b), roller bearings are used between the input si

ic deformation of the bearings, leading to unwanted transverse forces due to the bearing system, needs
rwise flanking transmission via the frame structure will occur. This can lead to invalid measurement
us limitation of the frequency range.

Suppression of unwanted vibrations

1 General
test procedures aceording to this part of ISO 10846 cover measurements of transfer
irectional excitations; one by one in the normal and transverse directions.

ever, due to¥asymmetries in excitation, boundary conditions and test element properties, ¢
r than the'intended input vibration component may show unwanted strong responses|
uencies:-Qualitative measures to suppress unwanted input vibrations are discussed in 5.3.2 ¢
Cial ccatégory of test arrangements is that in which two nominally equal resilient elements are]
mietrical configuration; see Figures4 and 5. This may help to suppress unwanted inpuf

I

d functions,
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some other

e of the test
Cessary. Any
0 be avoided.
s due to the

stiffness for

omponents
at certain
nd 5.3.3. A
tested in a
vibrations.

Qud
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5.3.2 Normal direction

For excitation in the normal direction, a symmetrical positioning of the exciter, or a pair of exciters, shall be the
favourable method for suppressing transverse and rotational vibrations on the input side.

Nevertheless, the properties of the test object itself may cause coupling between the normal and other
vibration directions. A method of suppressing unwanted input vibrations is the use of a symmetrical
arrangement with two or four nominally identical test elements, or using a “guiding” system on the sides of the

exci

tation mass, for example roller bearings. These systems are not shown in a figure.
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5.3.3 Transverse direction

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

In Figures 3 to 5, examples of measures are shown, which may enhance unidirectional vibrations on the input
side. Figure 3 shows an example of how a guiding system can be used to suppress input rotations. Figures 4

and 5 show symmetrical arrangements with two nominally equal test objects.

In the test set-up of Figure 4, the lower resilient element is the test element.

In the test pet-u v 8 Fre—tw ent-elements—is—determineg by
measuring fthe average blocking force Fy, = (F", + F"p)/2. It is the responsibility of the user of this-paft of
ISO 10846 o ascertain that the two test elements are nominally equal.

An alternative to the application of conventional methods might be the use of active vibration control. Using
multiple actuators and sensors in combination with a control system, the ratio between wanted>and unwanted
input vibratipn levels can be improved [61.

6 Critenfia for adequacy of the test arrangement

6.1 Freq

Each test facility has a limited frequency range in which valid tests canbe performed. One limitation is g

by the usg
measuring
given:

— Fp blog

a4 accq

ay acce

The transfe
where

AL,

NOTE A
between the
side of the tg
frame (see
significantly.

uency range

"La1—La2>20dB

ble bandwidth of the vibration actuator. Another limitation follows from the requirements
he blocking output force. In Figures 2, 3 and 4, the following dynamic measurement quantities

king output force;
leration of input flange and input-force distribution plate;
leration of output flange and output-force distribution plate.

I stiffness measurements aceording to this part of ISO 10846 are valid only for those frequen

level-difference \walue (AL, ,) that is too small can be explained by an insufficient stiffness mism

st elements or via the air. The use of vibration isolators to decouple the top of the test element from the
Figure 2);-and also to decouple the vibration exciter from the frame, would reduce flanking transmis

ven
for
are

cies

(1)

atch

test elementiand the foundation, or by flanking transmission via the traverse and the columns to the olitput

load
sion

Seedhe hote in 5.2.7 on the risk of improper application of roller bearings on the input side of the test element.

6.2 Measurement of blocking force

The mass between the test isolator and the output-force transducers causes a bias error in the measurement
of the blocking force. Using the symbols in Figure 6, the difference between the approximated blocking force
F'y, and the measured force Fy, is equal to the inertia force moa,.

The mass m, is the sum of the mass of the output-force distribution plate and half the mass of the force
transducers and shall respect the following inequality:

102120

L,, 120

10 “2

mo < 0,06 x kg (2)
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NOTE 1 Inequality (2) is equivalent to the requirement thatLF ' —LF <0,5dB.
2 2

NOTE 2  If Inequality (2) is not respected then either a decrease of m, or an increase of force transducer(s) stiffness is
needed. The latter may imply the use of more transducers or a larger transducer.

NOTE 3 When, as in the example of Figure 3 c), a roller bearing is used on the output side of the test element, the
roller bearing needs to be appropriate for the applied static preload. Elastic deformation of the bearing, leading to
unwanted transverse forces due to the bearing system, needs to be avoided.

a, ——

Fa

Key|
1 festelement

2 putput-force distribution plate
3 Figid foundation

Figure 6 — Force and acceleration on output side of the vibration isolator

6.3| Flanking transmission

In many test arrangements, flanking transmission can limit the applicability or accuracy of the tgst method.
Thel flanking transmission can be caused by airborne sound or structure-borne sound. Given the large variety
of tgst arrangements which are allowed; it'is in the interest of the user of this part of ISO 10846 to yise test rigs
that| are robust against invalid measurements caused by flanking transmission. Howevgr, obeying
Inequality (2) is sufficient for the validity of test results, also in the presence of flanking transmission.

6.4| Unwanted input vibrations

Inpyt accelerations in-directions other than those of the excitation shall be suppressed accorging to 5.3.
Medsurements aceording to this part of ISO 10846 are only valid when the level of the input acgeleration in
the pxcitation dirégction exceeds that in the other directions perpendicular to it by at least 15 dB, i.e.

>15dB (3)

La(excitation) - La(unwanted)

Thelmeasurement positions where this requirement shall hold are shown in Figure 7.

For normal excitation, the input vibration in the excitation direction a4, is along the line of excitation, and at the
interface between the excitation mass and the input flange. The unwanted inputs in transverse directions a4,
and a'4, shall be measured at the edge of the excitation mass or force distribution plate and in the plane of the
interface between the excitation mass and the input flange; see Figure 7.

For transverse excitation (x- or y-direction), the input vibration in the excitation direction (aq, or a1y) is
measured along a horizontal symmetry axis of the excitation mass. The unwanted inputs 4’4, and a'y,, or a'y,
shall be measured at the edge of the excitation mass and in the plane of the interface with the input flange.

When the mass-type input flange of the test object replaces the excitation mass (see 5.2.7), a configuration
similar to that in Figure 7 shall be defined, to test the adequacy of the suppression of unwanted inputs
according to Inequality (3).
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1 exciter
2  excitation mass

3 input flapge of test element

4 unwantefd vibrations o’y and &'y,

5 unwanted vibrations a'y_ and o'y, or a'y,

Figure|7 — Measurement locations for checking the suppression.of unwanted input vibrations

6.5 Accelerometers

Acceleromgters shall be calibrated at the laboratory température in the frequency range of interest and ghall
have a senpsitivity level which is frequency independent within 0,5 dB. Calibration shall be carried|out
according t¢ 1SO 16063-21.

The accelefometers shall be sufficiently unaffected by extraneous environmental effects, such as relative
humidity, npagnetic fields, electrical fields,. aeoustical fields and strain, and the sensitivity to cross-axis
accelerations shall be smaller than 5 % of the’'main axis of sensitivity.

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

6.6 Force transducers

Force trangducers shall<becalibrated at the laboratory temperature in the frequency range of interest [and
have a senpsitivity level~which is frequency independent within 0,5 dB. Calibration shall be carried|out
according t¢ the mass-loading technique as described in ISO 7626-1.

—

If there is ap appropriate compensation routine ( he

i.e. digital application of an appropriate transfer function)
resultant s - i

The force transducers shall be sufficiently unaffected by extraneous environmental effects, such as relative
humidity, magnetic fields, electrical fields, acoustical fields and strain, and the sensitivity to cross-axis forces
shall be smaller than 5 % of the main axis of sensitivity.

6.7 Summation of signals

If signals from force transducers or from accelerometers are added, this shall be performed with a maximum
tolerance of 5 %. One way to achieve this is to use identical transducers with sensitivities within 5 % of each
other. Another way is to perform the summation with the aid of a multi-channel analyser. In that case,
corrections shall be made to compensate both for differences in transducer sensitivities and for differences in
channel gain factors (see 6.8).
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Analysers

Narrow-band analysers shall be used which fulfil the following requirements.

a)

b)

In the frequency range of interest, the spectral resolution shall provide at least five distinct frequencies

per one-third-octave band;

The difference in frequency responses between the channels (including signal-conditioning equipment),

which are used for the acceleration measurement on the input side, and for the force meas
the output side, shall be less than 0,5 dB for a measurement with the same frequency resolut

urement on
ion as used

for testing the resilient support. Otherwise, corrections shall be made to compensate for the differences in

One
noig
ratig
the

7

71

The)
dist
that

NOT
do

Tes
For
defl

7.2

Dep
mor

The]
resq
dete

To
the
tran

measured dynamic stiffness.

u
eler:rents with big flanges, flattening might be necessary do obtain unambiguous test results.

channel gain 1actors.

way in which channel gains may be compared is as follows: An identical broadband Signa
e) is applied as input to both channels. Then the narrow-band spectrum of the magnitude o]
should be less than 0,5 dB, otherwise the measured gain ratio needs to be used as,acorrecti

Test procedures

Installation of the test elements

test element is attached to the excitation mass (or Input-ferce/distribution plate) and to the
ibution plate (if any), in a way that ensures good contact over the entire surface of the flang

are not part of the resilient element in practical applications shall be de-activated and removed,

E
le-sided tape can be added. However, in the latter case, problems can occur in the high-frequency ra

To improve contact between the resilient testi.element and the adjacent test rig component

f elements, which contain rubber-type components, will show a change of load or deflection d

(e.g. white
f the output
bn factor for

butput-force
es. Devices

S, grease or
nge. For test

e to creep.

such objects, preloading shall be applied to 100 % of the permissible static load. A changé¢ of load or

bction due to creep should be less than’10 % per day before measurements are performed.

Selection of force measurement system and output-force distribution plates

ending upon the size and jSymmetry of the test isolator and on the maximum permissible |
e force transducers arg applied.

output-force distribution plate shall be as small and as light as possible, but rigid enou
nances of the{system occurring in the frequency range of interest. The minimum lateral d
rmined by the(Size of the test object.

check the.rigid body behaviour of the force measurement system, excite the system with a p
centre~The transfer function determined from this point force (measured with a calib
sducer) and the output signal of the force measurement system shall be flat in the frequen

bad, one or

gh to avoid
imension is

bint force in
rated force
cy range of

inte

fost

7.3

Mounting and connection of accelerometers

Accelerometers shall be mounted on the input and output sides of the test element, to measure a4 and a,,
respectively (see Figures 2 to 5). The connection shall be rigid. Mounting shall be carried out in accordance
with ISO 5348.

Positions where sensors are to be placed on the force distribution plates, or on the flanges of the test object,
shall be carefully selected. If the vibration is predominantly in the vertical direction or the transverse direction,
a single accelerometer, usually at a position outside the axis of symmetry, may be sufficient. In case of such a
measurement, it shall be checked that the influence of rotational vibration does not lead to deviations of more
than 0,5 dB.
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NOTE Measuring the accelerations at different distances from the symmetry axis can perform the check on rotational
vibration.

To prevent deviations due to flange rotations, the signals from two accelerometers that are positioned
symmetrically with respect to the vertical symmetry axis may be averaged.

7.4 Mounting and connections of the vibration exciter

A connection rod may be necessary between the vibration source and the input side of the test element, such
as described in [3]. It shall be designed in such a way that strong transverse vibration and sound radiation are
avoided due_to resonance of this rod

7.5 Souice signal

One of the {ollowing source signals may be used:
— adiscretely stepped sinusoidal signal;

— aswept sine signal;

— a periofically swept sine signal, or

— a bandpwidth-limited noise signal.

The source| signal shall be applied sufficiently long to allow for averaging such that the measured result$ do
not differ more than 0,1 dB when the averaging time is doubled. When discretely stepped sinusogidal
signals or periodically swept sine signals are used, the spacing.6f-the frequencies of the source signal shall be

such that e@ch one-third-octave band for which stiffness dataare determined contains at least five frequencies
of the sourde signal.

7.6 Measurements

7.6.1 General

The measufements shall be carried out-under one or more specified load conditions, representing the rande of
loads in practice.

The measlrements shall beCearried out under one or more specified environmental temperatJres,
representing the range of the’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 approprjate environmental temperature within a tolerance of 3 °C, before testing.

If it is known or if-it.is reasonable to expect that the dynamic stiffness of the element under test is yery
sensitive to|changes in temperature or humidity, tolerances for the temperature and humidity shall be defined,
within whicr|| the measurement results are considered as valid.

In a pre-run, the force level L, and the acceleration level L, shall be determined with and without the
vibration source in operation. If possible, and unless otherwise specified, the source output shall be adjusted
to obtain a minimum level difference of 15 dB in all frequency bands of interest, compared to measurements
with the source switched off.

A further pre-run shall be performed to check that the acceleration in the excitation direction exceeds the
acceleration in other directions. Measurement results, which do not meet the condition of 6.1, Inequality (1),
shall be excluded from the evaluation of the dynamic stiffness function.

Another pre-run shall be performed to check the appropriate accelerometer positions, when single
accelerometers are used for measuring a4 and a,.
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The main measurements shall be carried out for the acceleration ay,, a4, and a4, on the input side of the test
object, for the force F, on the output side, and for the acceleration a,,, a,, or a,, on the output side. The
z-direction corresponds with the normal direction and the x- and y- directions with the perpendicular transverse
directions. Measurement results, which do not meet the requirements of 6.1 and 6.4, shall be excluded from
the evaluation of the dynamic stiffness function.

7.6.2 Validity of the measurements

Conditions for the validity of the measurement method are the following:

a)

approximate linearity of the vibration behaviour of the isolator (see 7 7):

b)

NOT
valu

7.6.

The
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with
ISO

Gui
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NOT
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varig
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7.7

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

E Observation of the coherence function between the appropriate input and output sighals is usefu
b is indicative of low signal-to-noise ratio, non-linearities, or other causes reducing the measurement prec

3 Measurement uncertainty

uncertainty of results obtained from the measurements according to this part of ISO 108
uated, preferably in compliance with ISO/IEC Guide 98-3. If reported, the expanded uncertair
the corresponding coverage factor for a stated coverage probability of 95% as

IEC Guide 98-3, shall be given.

Jance on the evaluation of uncertainty and on the determination of the expanded uncertainty
ex B.

E Full application of ISO/IEC Guide 98-3 for determination of the expanded uncertainty is not ex
ible at present, except for a few specialized laboratories. The existing knowledge on (possible) majqg
Fibutions and on reproducibility data is considered insufficient for the time being. Systematic investig
us sources of uncertainty as described in Annéx B are needed to improve this situation. However, gi
ty of test elements and test apparatus @nd the limited funding for such investigations, progress on
cted to be slow.

Test for linearity

In the 1ISO 10846 series, the ‘eoncept of dynamic transfer stiffness and the methods to measure

upo
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n linear models for thewibration behaviour of resilient elements. However, real vibration isolatq
, only approximately-linear behaviour. Therefore, to define precisely what is accepted in
10846 as being~approximately linear, the validity of dynamic transfer stiffness data in relat
ation levels is{éonsidered.

ause a_full'test of linearity is impractical, data measured according to this part of ISO 108
cked with respect to the degree of proportionality between the output and input, in terms of
e output to the input acceleration (or velocity, or displacement); see 3.11, Notes 1 and 2.
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The validity of dynamic transfer stiffness data measured according to this part of ISO 10846 may only be
claimed for input amplitudes, which are equal to or lower than those applied in the tests, and for which an
approximate proportionality between output and input has been proved. This upper bound of input levels, for
which valid data may be claimed, shall be specified in the test report.

For
a)

b)

the proportionality test, the following procedure shall be applied.

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.
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c)

d)

e)

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
amplitudes) equal to or smaller than those of A.

If the maximum levels of A, which are possible in the test rig, are lower than the typical input levels in
practical applications of the tested elements, the test rig has to be modified or another test rig shall be
used in order to obtain valid data for those applications.

If the tests, as described under c), lead to unacceptable results, the tests shall be repeated with lower
input levels, until a valid input level range has been determined for proportionality between the output and

the input vibration amplitudes.

The range
acceleratio
those in the

NOTE (
optionally. Fq

If a test el
vibration a

measuremg
oriented tes

8 Evalu

8.1 Calc

When bloc

if valid input levels shall be specified as the values of the one-third-octave-band levels of the-i

s (or displacements if input displacements have been measured) which are equal to orlower
test with the higher input levels and with valid results.

Dn the basis of this upper limit of input levels, simplified information can be derived which*can be prese
r example, this can be a maximum of r.m.s. input displacement.

bment fails to meet the above-mentioned criteria for proportionality ,between input and oy
mplitudes, it shall be considered non-linear. This part of ISO 10846 does not provid

nt procedure for such cases. Nevertheless, large parts of it can stilkbe used to define applica
t procedures (e.g. for sinusoidal excitations with specified amplitddes).

ation of test results

ulation of dynamic transfer stiffness

ing forces F, and accelerations a, have bheen measured, the calculation of dynamic trar

stiffness requires conversion of accelerations to displacements.

For simple

ko4 =3

The dynam

Within the
vibration tra

n = tar

narmonic vibration and using phasor-noetation,

i

=1

]
aq

c transfer stiffness isza-complex quantity with magnitude |k271| and phase angle ¢, (f) .

same limitationsvand additional requirements on the measurement precision, which provide
nsmissibility 45 4, the loss factor 7 of the test element is calculated in accordance with 3.6 from

(02’1 = 'm{kz’»]}/Re{kz’»]}

hput
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nted

tput
e a
ion-

sfer

(4)

the

®)

NOTE 1

he evaluation of the loss 1actor Is optional. For higher frequencies, the test element no longer behaves

as a

massless spring. Therefore, it is no longer correct to use Equation (5) as a characterization of the damping properties of
the resilient element (see ISO 10846-1).

NOTE 2

If the loss factor is very small, then the use of Equation (5) will become very sensitive to errors. For example, a

loss factor 7= 0,01 corresponds to a phase angle ¢, , = arctan 7= 0,57°. In such cases, it is recommended to design a
test with a so-called half-value bandwidth method.

8.2 One-third-octave-band values of the frequency-averaged dynamic transfer stiffness

One-third-octave-band averages of k; 4 are obtained as follows:

18
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1 n 1/2
kav: ;Z|k2,1(fi)|2}
i=1

re the summation is performed over a minimum of n = 5 frequencies.

usually are the most important ones.

(6)

Averaging over the squared magnitude is chosen to emphasize the maxima in the stiffness values, which

NOT
amog

The)
acc

Ged

8.3

The
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a logarithmic vertical scale, in newtons per metre, is given on the right.
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E 3 Itis evident that the presentation in terms of one-third-octave-band stiffness forms a practical-req
unt of data. However, phase information is lost.

results are presented in terms of the level of frequency-band-averaged dynamic transfer
brdance with 3.18.

metric centre frequencies f,,, for one-third-octave pass bands shall be used\in agreement with |

Presentation of one-third-octave-band results
presentation of the dynamic transfer stiffness levels for one-third-octave bands may be in tabl
ness in decibels, and a specification of the reference valugy(i.e. 1 N/m).
format of the graphs shall be as follows:
vertical scale: 20 mm for 10 dB or equivalently‘for a factor 102 in magnitude;
horizontal scale: 5 mm per one-third-octave band.

rint, these dimensions may be enlarged or reduced, as long as the proper ratio is maintained
sed for the sake of clarity.

E An example of the graph format is shown in Figure 8. In addition to the decibel scale (vertical scal
presentations shallZinclude a clear description of the transfer stiffness concerned, i.e. for

Ction or for whichitransverse direction. Moreover, the temperature, the static preload ang
vant special test\conditions shall be specified.

uction of the

stiffness in

SO 266.

es and/or in
Mmic transfer

Grids may

e on the left),
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any other
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Figure 8 — Example of the graph for presenting one-third-octave-band levels
of theldynamic transfer stiffness at specified test conditions with an example of scale values

8.4 Pres

Optionally,
may be pre

The presen
the refereng

vertica

entation of narrow-band data

the magnitude and phase spectra of the dynamic transfer stiffness and spectra of the loss fg
sented. The frequency’resolution of the narrow-band analysis shall then be used.

e value (i.e\~N/m). The format of the graphs should preferably be as follows:

scale;»20 mm for 10 dB or equivalently for a factor of magnitude 101/2;

horizon

talscale: 15 mm per octave hand

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

The format

vertical

20

of the graphs should preferably be as follows:

scale: 40 mm for the range —180° to +180°;

horizontal scale: 15 mm per octave band.

ctor

ation of the lexvel’'of magnitude of the dynamic stiffness shall be in graphical form and shall spegcify
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The presentation of the loss factor shall be in graphical form. The format of the graphs should preferably be as
follows:

— vertical scale: 20 mm for a factor 10 in 7;
— horizontal scale: 15 mm per octave band.

Linear scales for frequency and stiffness are allowed for narrow-band data in the frequency range 0 Hz up to
20 Hz.

NOTE See further remarks in 8.3 on printing

9 |Information to be recorded

All relevant information shall be recorded, such as:

a) |the name of the organization that performed the test;
b) |information on the test element, including:

— manufacturer, type, serial number;

— description of the element; in cases where this is not{self-evident, the test element and non-test
elements (auxiliary parts not included in the tests) shall'be clearly defined;

— data provided by the manufacturer, in relation.tg'the application as vibration attenuator;

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

d) |descriptions of excitation mass, if present (dimensions, material, mass) and of attachmenf{ to the test
element;

e) |spectra of acceleration level diffefences to check Inequality (1) and Inequality (3) (see 6.1 and|6.4);
f) |frequency f_ up to which inequalities (1), (2) and (3) hold (see 6.1, 6.2 and 6.4);
g) |static preload(s), in\newtons or pascals;

h) [environmentaltemperature(s) and its variation during the tests, in degrees Celsius;
i) |other test.conditions, such as:

— “relative humidity, in percent;

— pre-conditioning of the test element;

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

j)  description of test signal(s);

k) spectrum of acceleration level L, at the input side of the test element (displacement levels, if
displacements have been measured);

[) the measurement and analysis equipment used, including the type, location, serial number, calibration
and manufacturer;
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m) presentation of frequency-averaged dynamic transfer stiffness, in one-third-octave-band levels (up to f{, );

n) description of the linearity test (see 7.7), including data on levels or amplitude range of the acceleration a4

or thed

isplacement u for which the test data are considered to be valid;

0) description of tests on the possible influence of background noise;

p) description of tests on the possible influence of flanking transmission (see 6.3);

q) tolerances for the environmental temperature or humidity within which the test values are considered valid,

for res
sensiti

The followir

r) narrowtband magnitude spectra of dynamic transfer stiffness;

s) narrowtband phase spectra of dynamic transfer stiffness;

iiCllt CiUIIICI Itb Uf VVilibil It ib ;\IIUVVII Ul IUdbUIIdIUiU tU c)\pcbt tildt tilU ulylldlll;b Dtiffl 1TSS ib
e to these environmental conditions.

g are optional:

ery

t) narrowtband spectra of loss factor, including a statement (with reference to\ISO 10846-1) that # is pnly

directly
elemer

u) real and imaginary part of transfer stiffness;

v) simplified information of upper limit of input levels for which the test data are considered to be valid (e
maximpm of r.m.s. displacements);

w) static I

10 Test |

The test ref
Clause 9 ur

The test ref

representative of the dissipation losses at low frequencies, where inertial forces inside the
t are negligible;

ad-deflection curve (see Annex A)

eport

ort shall make reference to this part of ISO 10846 and shall include at least the items mentions
der a), b), g), h), 1) and m).

ort shall include an evaluation of uncertainty; see 7.6.3.
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