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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 1SO
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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Introduction

Visco-elastic materials are used extensively to reduce vibration magnitudes in structural systems through the

dissi
mod

pation of energy (damping) or isolation of components, and in acoustical applications that require a
ification of the reflection, transmission or absorption of energy. Such systems often require specific dynamic

mechanical properties in order to function in an optimum manner. Energy dissipation is due to interactions on

the molecular scale and IS measured In terms of the lag between stress and strain In the material] The visco-
elagtic properties (modulus and loss factor) of most materials depend on frequency, temperaturé, and strain

mag
goal

nitude. The choice of a specific material for a given application determines the system-perforfpnance. The
of this part of ISO 18437 is to provide details in constructing the resonance apparatus; in sdtting up the

measurement equipment, in performing the measurements and analysing the resultant|data. A further intent is
to apsist users of this method and to provide uniformity in the use of this method. This‘part of ISO 18437 applies

to th

e linear behaviour observed at small strain magnitudes.
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Mechanical vibration and shock — Characterization of the
dynamic mechanical properties of visco-elastic materials —

Part 2:
Resonance method

1

Thid
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a)

b)

The|
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Thig
sho

Meg

Scope

part of 1ISO 18437 defines a resonance method for determining from laboratory measur
Amic mechanical properties of the resilient materials used in vibration isolators Mt is applicable t
ption systems operating from a fraction of a hertz to about 20 kHz.

part of ISO 18437 is applicable to resilient materials that are used ifvibration isolators in orde

fransmissions of unwanted vibrations from machines, structures©r vehicles that radiate sound
pirborne, structure-borne, or others), and

the transmission of low-frequency vibrations that act upon humans or cause damage to s
Sensitive equipment when the vibration is too severe.

data obtained with the measurement methods that are outlined in this part of ISO 18437
iled in 1ISO 18437-3 are used for

the design of efficient vibration isolators,

the selection of an optimum material for @ given design,

the theoretical computation of the transfer of vibrations through isolators,

nformation during product development,

product information provided by manufacturers and suppliers, and

guality control.

condition for the yalidity of the measurement method is linearity of the vibrational behaviour of
includes elastiC elements with nonlinear static load deflection characteristics, provided that th

v approximatefinearity in their vibrational behaviour for a given static preload.

|surements/using this method are made over one or two decades in frequency at a number of te

By
me{hanical properties over a much wider range of frequencies (typically 102 to 10° Hz at a sing
temperature) than initially measured at a given temperature

ements the
b shock and

I to reduce

fluid-borne,

ructures or

and further

the isolator.
e elements

mperatures.

pplying-the time-temperature superposition principle, the measured data are shifted to generate dynamic

e reference

NOTE For the purposes of this part of ISO 18437, the term “dynamic mechanical properties” refers to the determination of
the fundamental elastic properties, e.g. the complex Young's modulus as a function of temperature and frequency and, if

appl

icable, a static preload.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO 472:1999, Plastics — Vocabulary

ISO 2041:1990, Vibration and shock — Vocabulary

ISO 4664-1:2005—Rubber—vHearized—or—thermoplastic—Determination—ef—dyrarnic—properties Rart 1:
General guldance

ISO 6721-112001, Plastics — Determination of dynamic mechanical properties — Part 1: General principles
ISO 10112:1991, Damping materials — Graphical presentation of the complex modulus

ISO 10846-11:1997, Acoustics and vibration — Laboratory measurement of vibro-acoustic.transfer propertigs of
resilient elegnents — Part 1: Principles and guidelines

ISO 23529:p004, Rubber — General procedures for preparing and conditioning. test pieces for physical|test
methods

3 Terms

For the purposes of this document, the following terms and definitions given in ISO 472, ISO 2041, 1ISO 466

ISO 6721-1

3.1
Young's m
E*
guotient of

NOTE1 Un

NOTE 2 Yo{ing's modulus for visco-elasfic materials is a complex quantity, having a real part E’ and an imaginary part

NOTE 3 Ph
component i

3.2

loss factor
ratio of the
tangent of t

and definitions

ISO 10112, ISO 10846-1, ISO 23259 and the following apply.

pdulus

hormal stress (tensile or compressive)io resulting normal strain, or fractional change in length

t is the pascal (Pa).

sically, the real compongent of Young's modulus represents elastic-stored mechanical energy. The imagi
a measure of mechanical energy loss. See 3.2.

imaginary part of the Young's modulus of a material to the real part of the Young's modulus
he argument of the complex Young's modulus)

EII

nary

(the

NOTE Whe
tan d.

3.3

Tthere s energy 10ss ma llldle[idl, thestraim 1ags e SUess Dy d pPriase dllyie, (5 Thetoss factor 15 c(

time-temperature superposition
principle by which, for visco-elastic materials, time and temperature are equivalent to the extent that data at one
temperature are superposed upon data taken at a different temperature merely by shifting the data curves along
the frequency axis

3.4
shift factor

al to

measure of the amount of shift along the logarithmic (base 10) axis of frequency for one set of constant-
temperature data to superimpose upon another set of data
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35
glass transition temperature
14

temperature at which a visco-elastic material changes state from glassy to rubbery, and corresponds to a

change in slope in a plot of specific volume against temperature

NOTE 1 Unitis degrees Celsius (°C).

NOTE 2 The glass transition temperature is typically determined from the inflection point of a specific heat vs.

plot and represents an intrinsic material property.

temperature

NOTE 3 Tj is not the peak in the dynamic mechanical loss factor. That peak occurs at a higher temperaturg
vari¢s with the measurement frequency; hence is not an intrinsic material property.

NOTE 1 Itis sometimes referred to as an elastic support, vibration isolator, shock meUnting, absorber or dec

rity
erty of the dynamic behaviour of a resilient material if it 'satisfies the principle of superposition

NOTE 1 The principle of superposition is stated as follows:if an input x1(¢) produces an output y.(¢) and in a
an |nput x,(t) produces an output y.(t), superposition’ holds if the input axi(t) + Bx2(t) produces
ay1{t) + By2(t). This holds for all values of «, 8 and xi(t), x2(t), where o and (3 are arbitrary constants.

NOTE 2 In practice, the above test for linearity is impractical. Measuring the dynamic modulus for a range @
can [provide a limited check of linearity. For a Specific preload, if the dynamic transfer modulus is nominally
system measurement is considered lineaf. In" effect this procedure checks for a proportional relationship
response and the excitation.

4 [Test equipment (see(Figure 1)

4.1| Electro-dynamic vibration generator

An ¢lectro-dynamic vibration generator is required to provide a driving force for the test specimen, p|
osclllating displacement in the vertical direction. The dynamic strain level shall be adjusted to a
behpviour (see Annex A). The following specifications are typical:

— freguency range: 25 Hz to 10 kHz;

than Ty and

bupler.

shear, or a

separate test
the output

f input levels
nvariant, the
between the

roducing an
ssure linear

— force rating: > 5N;

— peak displacement: < 0,1 mm.

4.2 Accelerometers

A matched pair of accelerometers is required, or a relative calibration correction shall be applied. Piezoelectric
accelerometers, with the following specifications, are typical of those required to measure the input and output

acceleration of the test sample:
— frequency range: 25 Hz to 10 kHz;
— charge sensitivity: > 1 pC/g.

© 1SO 2005 — All rights reserved
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The mass of the accelerometer plus the lower mounting block should be as small as possible (see 5.1).

NOTE It is possible to use other types of sensors, but they need to be functionally equivalent.

Key
electo-dynamic vibration generator
mounrting blocks

accelerometers

test specimen

test sfand

envirpnmental chamber
dual-$pectrum analyser

compjuter

charde amplifiers

noiselsource

© 0 N O O b~ WDN P

[y
o

Figdre”l — Schematic diagram of the resonance apparatus

4.3 Charge amplifiers

Charge amplifiers'with a sensitivity of not less than 1 mV/pC are required to amplify the output signal from the
accelerometers. Alternatively, piezoelectric accelerometers with built-in amplifiers may be used.

4.4 Test stand

A test stand is needed to suspend the vibration generator and the test sample in a vertical position, as shown in
Figure 1. The sample and vibration generator shall be positioned so as to eliminate or minimize any horizontal
motion.

NOTE The presence of horizontal motion will appear as spurious peaks in the spectra.

4 © 1SO 2005 — All rights reserved
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4.5 Environmental chamber

An environmental chamber is required to cool the test sample to a temperature below room temperature. This
temperature shall be maintained until the sample has reached equilibrium, then the temperature of the sample
shall be increased in increments of 5 °C. The chamber should be capable of operating over the temperature
range from 60 °C to 70 °C and should be controllable to within 0,5 °C. The temperature sensor shall be
appropriately calibrated.

NOTE 1 The required temperature range is appropriate for a visco-elastic material having a glass transition temperature
greater than —45 °C. Materials with lower glass transition temperatures will require a lower starting temperature point.

NOTE ZSome materials are sensitive to humidity and It may be desirable to control or at least record the reftive humidity
in the chamber.

4.6| Dual-channel spectrum analyser
A dyal-channel spectrum analyser with the following capabilities is typical of that required to drive the vibration
gengrator and analyse the accelerometer output signals:

— fandom noise source;

— [wo input channels;

— frequency response function (FFT), and coherence analysis;
— F.m.s. signal averaging;

— frequency range: 25 Hz to 10 kHz;

— dynamic range: > 42 dB;

— pand selectable zoom FFT resolution: 0,1 Hz.

4.7 Computer

Theluse of a computer is advantageous t0- automate the calibration, data acquisition and processing.
5 Pperating procedures

5.1| Sample preparation and mounting

Mould test specimensinto the shape of a bar. The mould should be at least 150 mm long, with uniform square
latefal dimensigns—of (6,0_%’1) mm. Trim the moulded specimen of all flash and cut to @ length of
100|mm == 10w, using a razor blade. Square the ends of the bar by machining if necessary. The |par shall be
ablg to stand\upright on either end without support. Square ends are required to obtain a good bonhd between
the [est specimen and mounting blocks.

A umi

Lengths not less than one-half the 100 mm specified or not more than twice that length are also acceptable.

NOTE 1 Shorter lengths produce resonances at higher frequencies and lead to fewer peaks being observed due to higher
absorption at higher frequencies. Longer lengths produce resonances at lower frequencies and lead to problems due to
bending of the longer specimen.

Three properties of the specimen that are required in the analyses shall be measured before bonding the
specimen to the mounting blocks. In accordance with 1ISO 23529, determine the length, in metres, to four
significant digits. Determine, using a balance, the mass of the specimen, in kilograms, to four significant digits.
Determine the density of the specimen in kg/m® by a water-displacement technique.

NOTE 2 A method such as ASTM D 7921 is acceptable.

© 1SO 2005 — All rights reserved 5
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At the vibration generator end (Figure 1) of the specimen, bond the specimen and one accelerometer by
adhesive to the mounting block. The dimensions of the mounting steel block are typically
25 mm X 20 mm X 10 mm. Both rigid epoxy and cyanoacrylate adhesives are acceptable.

The adhesive thickness shall be less than 0,5 mm and the modulus of the adhesive shall be greater than that of
the material to be measured. Under these conditions, it has been shown that the adhesive does not affect the
measurement?],

Bond the second accelerometer to the accelerometer mounting block (Figure 1), which is then bonded to the
specimen. Use the same adhesive for bonding as used previously. The accelerometer mounting block shall

afctanl onh

have the sape-cross-sectionasthe-sample{stecleube-6-mmon-cachsideerappropHate-diameterifa-—eirgular
specimen is used). Determine, using a balance, the mass of the accelerometer and mounting block, in
kilograms, tp three significant digits.

NOTE 3 The purpose of the accelerometer mounting block is to avoid the wear and tear of repeatedly, honding and de-
bonding the aiccelerometer to the specimen. In the arrangement specified, the accelerometer is bonded.to one side of the
mounting bldck and remains there. The other end of the block is de-bonded and re-bonded each time.a new specimen is
mounted.

A small acgelerometer mounting block is desirable to minimize creep in the samplézWhile the block should be
the same cross-sectional area as the sample, it is acceptable for the block to be shorter than the sample, but not
longer.

5.2 Conditioning

5.2.1 Storpge

The time dglay between moulding or vulcanization and\testing and preconditioning of samples shall be in
accordance with 1ISO 23529.

5.2.2 Temperature

Test pieceq shall be thermally conditioned before each sequence of tests. At each test temperature, |it is
essential thit the test piece be conditioned for sufficient time to reach equilibrium, but conditioning shall b¢ no
longer than| necessary, particularly at higher temperatures, to avoid ageing effects. The conditioning time will
depend on the test piece dimensions and the temperature. Guidance is given in ISO 23529.

5.2.3 Mechanical conditioning

Mechanical| conditioning is generally omitted since only a single, very small strain is used as in free vibrgtion
applicationg. For large strains, the dynamic visco-elastic properties of many resilient materials are Very
dependent pn-the strain magnitude and temperature history. For such materials, it is recommended that the|test

pieces be preconditioned to obfain consistent and reproducible resulis. The test pieces shall be mechanically
conditioned before testing to remove irreversible “structure”. The conditioning shall consist of at least six cycles
at the maximum strain and temperature to be used in the series of tests. A minimum of 12 h rest period is
required between mechanical conditioning and testing to allow reversible “structure” to equilibrate.

5.2.4 Humidity conditioning

Humidity is known to affect the physical properties of many resilient materials, especially urethanes. To ensure
that measurements are made under reproducible conditions, samples shall be stored in a controlled humidity
environment for one week before testing. The controlled humidity is achieved by keeping the sample in a closed
container that maintains a relative humidity of 50 % to 55 %. The temperature in the container shall be
controlled between 20 °C and 25 °C during the conditioning period. Guidance is given in ISO 483.
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Number of test pieces
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In order to obtain an indication of the variability of the material, it is recommended that a minimum of three

repr

5.4

esentative samples be tested.

Data acquisition

5.4.1 The following functions are performed in the data acquisition process.

-

a)

b)

<)

d)

The]
resy
phal
fund
vall

whe

NOT
ratio
ratio

NOT
mod
easi
coul
only,

5.4,
mat
whi

1 o) " - H (3 1 ol " 1 ) ! H
e viorauurt yerictatul 15 UriveTl Uy U1 SPTLUUTTT Allaly ST WILNT a TalTuuITT T1U1SE SUUTLE,

Fourier transform analyses of the electrical signals from the two accelerometers are perforined
channel spectrum analyser.

The frequency response function of the test sample and the coherence of the measurement ar
from the Fourier transform analyses of the output and input signals. The averaging process
calculations is repeated 32 times to improve the coherence. Coherence shalkbe greater than 0

The test is completed when the analyser has displayed the magnitude andphase of the frequen
function over its frequency range.

data shall be displayed so as to observe that, at certain freqliencies, the magnitude of th
onse function, known as the acceleration ratio, A, has resebarice peaks in the kilohertz regio
ce angle, ¢, goes through several cycles of 360°. A typical:plot of acceleration ratio and phasg
tion of frequency is shown in Figure 2. The acceleration ratio and frequency are measured
es of the phase angle:

h = —90(2n — 1)
re n is the resonance mode number.

E 1 Itis important to keep in mind that)the resonance frequency is not the frequency of the peak in thg
but the frequency at which the phase angle is an odd multiple of 90° as in Equation (1). The peak in the
occurs at a lower frequency depending on the loss factor.

E 2 Extraneous modes, occur as a result of improper sample mounting or vibration generator misaligr]
es result from a component of the excitation that is perpendicular to the desired uni-axial excitation. Thes
y identified as they are interlaced with the desired modes and produce inconsistent dynamic moduli. Whilg
0 be simply ignored,it'is better to take steps to correct the problem by properly aligning the sample so that
uni-axial excitation/

P The_number of resonance peaks that are measured depends on the modulus and loss f

h.implies that the acceleration at the free end lags behind that at the driven end.

by the two-

e calculated
used in the
95.

Ly response

b frequency
n, while the
angle as a
at multiple

@)

acceleration
acceleration

ment. These
e modes are
such modes
it undergoes

actor of the

brial, but) typically, there are three to six peaks. As shown in Figure 2, the phase decreases with frequency,

The values required for each resonance mode of the test specimen are the resonance frequency and
acceleration ratio. They are determined as follows.

a)

b)

c)

Estimate values of the resonance frequencies using the spectrum analyser set to operate over the complete
frequency range from 25 Hz to 18 kHz. Determine the phase angle to within 5° during this step.

For each resonance frequency in turn, set the estimated value of the resonance frequency as

the centred

frequency with the spectrum analyser set for a frequency range that allows a finer resolution, typically about

1 Hz. It may be necessary to use an intermediate frequency range before going to the highest
the estimated evaluation of the resonance frequency was not sufficiently accurate.

Determine the final values for the phase angle to within 0,5°, the resonance frequency to within
the acceleration ratio to within 0,1 dB.

© 1SO 2005 — All rights reserved
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\
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Key
1 acceleration ratio
2 phas¢
A isthelamplitude
¢ is the| phase
F is the|frequency

Figure 2 — Typical acceleration ratio and phase versus frequency

5.5 Temperature cycle

Make meagurements on the test.Specimen at resonance over a temperature range of — 60 °C to 70 °C, uging
the following thermal cycle:

— cool the test specimen,\mounted on the test apparatus, to — 60 °C;
— allow the specimen,to equilibrate to within &= 0,1 °C for at least 12 h before making any measurements

— after eafh set-of resonance measurements, raise the temperature by 5 °C;

— allow 20 min to elapse after the air temperature has reached the new equilibrium temperature to wjthin
+ 0,1 °C before making the nexi measurement.

6 Analysis of results

6.1 Modulus and loss factor

The real and imaginary parts of the complex Young's modulus are determined from the length, mass and
density of the sample, and from parameters obtained from solutions to the wave equation obtained by numerical
computation at the experimentally determined resonance frequencies. The wave equation with these boundary
conditions has already been described®}“]; only the solution will be presented here. The solution to the wave
equation consists of two coupled transcendental equations:

8 © 1SO 2005 — All rights reserved
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sinhB(siné 4+ R&cosé) + RAsincosh3 + SITTCZ) =0
coshf(cosé — REsiné) + RBcosésinh( — % =0

where

Thelreal part of Young's modulus, E’, in pascals, is calculated from:

whgre
% is the density, in kg/m?;
1, is the length of the bar, in m;
L is angular frequency 2~ f, with f being'the resonance frequency, in Hz.
Thelloss factor, or tan §, where ¢ is the phase angle by which the strain lags the stress, is given by

the
anal
ass

SoITtions to Equations (2) and.(3) to obtain parameters & and (3 for each resonance mode are obt

Aand ¢ are the measured acceleration ratio and phase (in degrees);

-2:2005(E)

@)

®)

¢ and 3 are parameters obtained from the solutions of Equations (2) and (3).

E' = pw®L? {[€ - B + 571}

fand = E"IE' = 266162 + ()

ytical solutions forsalbar without end mass are used to make these estimates, i.e. with R =
imption, the initial’estimates for the parameters are:

0
E:(Zn—l)z

R is the ratio of the end mass (accelerometer and end block) to the mass of the specimen;

(4)

®)

ained using

Newton-Raphson methad. Initial estimates for the two parameters are required to use this method. The

0. With this

(6)

B=snn— (L
\4)

)

The approximate solutions to Equations (2) and (3) are calculated starting with these estimates and iterating
until the values of successive iterations differ by less than 107>,

NOTE 1

In some other methods, the loss factor is determined from the frequency half-width of the resonance peaks using

the quality factor, Q. This approximation is valid only for low-loss materials, where the loss factor is less than 0,1. The
method used in this part of ISO 18437 involving the solution to the wave equation is valid for any loss factor.

NOTE 2 The modulus range covered by this method is from 10* Pato 10" Pa, a range that includes common visco-elastic
materials. The loss factor range covered by this method is from 0,01 to 5, which also includes common visco-elastic
materials.
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6.2 Time-temperature superposition

Produce a reduced frequency plot of the modulus and loss factor data in the following manner.

a)

b)

c)

d)

e)

9)

6.3 Datapresentation

Make graphical plots of the real part of the modulus as a function of the base 10 logarithmic frequency for
each temperature.

Select as the reference temperature, Tj, the temperature for which the real part of the modulus has the
greatest frequency slope.

Keeping the data at T} fixed, shift the real part of the modulus data for the other temperatures, in sequence,
along the logarithmic frequency axis until each plot partially overlaps the previous data to obtain the best fit.
A best flt is obtained by a least-squares method. The magnitude of the shift required at each temperatufe is
known as the shift factor a.

NOTE 1| The real part of the modulus is chosen to be shifted rather than the loss factor because the(real part of the
modulus|is measured more accurately and has less scatter than the loss factor.

Shift the loss factor data using the same shift factor that was determined for the real part<of the modulus.

NOTE 2| A material for which the above time-temperature superposition is applicable iS called thermorheologically
simple. |JA material which fails to superimpose, due to multiple transitions orCcrystallinity for examplg, is
thermorhjeologically complex.

The resplting plots of real part of the modulus and loss factor as a function of shifted logarithmic frequegncy
at reference temperature I, are known as master curves and spdn/ja wider range of frequency than
measurgd.

NOTE 3| For a typical resilient material, the shifted frequency range gan'be as large as 1073 Hz to 10° Hz.

Plot thel Napierian logarithm of the shift factor, In a7, as, a-function of temperature. Fit these data to| the
Williams, Landel and Ferry (WLF) equation!®:

_ —cyo(T" — Tp)
(coo +1" — Tp)

where d;o and cyg are constants for a givenpolymer, and subscript zero refers to the reference temperafure,
Ty, at which the equation is evaluated.

8)

In ajr

The maister curves at reference temperature 1, are shifted to some other reference temperature, 11, as
follows. |Determine the logarithmic ¢hange in frequency corresponding to the temperature change from 1
to 1 e by evaluating Equation (8) at the temperature 1,¢;. Subtract this logarithmic change in frequency from
the valdes of the logarithmicfrequencies corresponding to each of the data points obtained at 1. The|plot
using the new frequencieS-is the master curve for 1.

NOTE 4| The lower limit in selecting a reference temperature is about equal to the glass transition temperaturg 7§,
while thg upper limitist@about T; plus 100 °C. This upper limit is different for different polymers. The limits exist because
the WLF|equation.is*only applicable in the glass transition region.

Data obtained by the methods of this part of ISO 18437 shall be presented in the form of three graphs:

a)
b)

c)

the base 10 logarithmic loss factor versus the base 10 logarithmic real part of the modulus;
shift factor versus temperature;

master curves of the base 10 logarithmic real part of the modulus and the base 10 logarithmic loss factor
versus the base 10 logarithmic frequency at a specified reference temperature. Room temperature may be
used for the reference temperature.

NOTE The plot of the logarithmic loss factor versus the logarithmic real part of the modulus includes all data without regard
to temperature or frequency. This plot gives an indication of the consistency of the data. Points which do not lie along the
curve are suspect and may be ignored. From its inverted “U” shape, this plot is sometimes referred to as a wicket plot.
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In order to promote uniformity and ease in interpreting the data at temperatures other than the reference
temperature, it is recommended that the master curves of the real and imaginary parts of the modulus and the
loss factor be presented as a nomogram using the procedure given in ISO 10112.

6.4 Test report

The test report shall include the following information:

a)
b)

c)
d)
e)
f)
9)
h)

a reference to this part of ISO 18437;

all details necessary for complete identification of the material tested, including type, source, manufacturer's

ode nurmboer, 101 arna previous ﬂiblUly WHIETmN tnese are Kriowrl,
f applicable, the direction of any non-uniform feature of the test sample;
the date of the test;
the shape and dimensions of the test sample;
the method of preparation of the test samples;
details of the conditioning of the test samples;
the number of specimens tested;
details of the test atmosphere including humidity;
A description of the apparatus used for the test;

the temperature sequence used in the test, including the initial and final temperature as well a
inear change in temperature or the size and duration of‘the temperature steps;

frequency at each test temperature;

the modulus and loss factor versus frequency\and temperature plots prepared as specified in 6

5 the rate of

p table of the test results including the real and imaginary parts of the modulus and the loss factor versus

© 1SO 2005 — All rights reserved
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