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Using linear elastic indentation hardness, a relation between the ASTM D2240 

hardness and the Young's modulus for elastomers has been derived by Gent 

and by Mix and Giacomin. Gent's relation has the form

 
 

0.0981 56 7.62336

0.137505 254 2.54

S
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E

S

Young’s modulus in MPa

ASTM D2240 type A hardness

This relation gives an infinite value for E at S=100, but departs form

experimental data S < 40
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The suspension is effective for r^2 greater 

than 2
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Cross-linked 

polyurethane 
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Air elements

The suspension is 

effective for r^2 

greater than 2
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Example table containing typical 

characteristics of isolators.
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How to select isolators
When the equipment and the isolator system have several 

degrees-of-freedom and the isolators are located in such a 

manner that several natural modes of vibration are coupled, it 

becomes necessary to consider the contribution of the several 

modes in determining the motion transmitted from the support 

to the mounted equipment or the force transmitted from the 

equipment to the foundation.

Ω/ω𝑛

τ
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How to select isolators
Step 1. Required isolation efficiency. First, indicate the percentage of isolation efficiency that is desired. In general, an efficiency 

of 70 to 90 percent is desirable and is usually possible to attain.

Step 2. Transmissibility. Determine the maximum transmissibility T of the system at which the required vibration isolation 

efficiency of Step 1 will be provided (from chart or formula)

Step 3. Forcing frequency. Determine the value of the lowest forcing frequency, i.e., (the frequency of vibration excitation). The 

lowest forcing frequency is used because this is the worst condition. If a satisfactory value of isolation efficiency is attained at 

this frequency, the vibration reduction at higher frequencies will be even greater

Step 4. Natural frequency. Find the natural frequency of the isolated system (from chart or formula) required to provide a 

transmissibility determined in Step 2 for a forcing frequency determined in Step 3

Step 5. Static deflection. Determine the static deflection (form chart or formula) required to provide a natural frequency of Step 4

Step 6. Stiffness of isolation system. Calculate the stiffness k required to provide a natural frequency determined in Step 4

Step 7. Stiffness of the individual vibration isolators. Determine the stiffness of each of the n isolator depending on whether the 

vibration isolators are in parallel or in series

Step 8. Load on individual vibration isolators. Now calculate the load on each individual isolator

Step 9. Isolator selection. From a manufacturer’s catalogue select a vibration isolator which meets the stiffness requirement 

determined in Step 7 and which has a load-carrying capacity equal to the value obtained in Step 8
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The level of isolation is defined as 1-T. It was noted that in the isolation region (r2>2) the transmissibility decreases (hence, the 

level of isolation increases) as the damping ratio ζ decreases. 
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It is possible to easily compute 

k and the static deflection of 

the isolator using these 

simplified equations. As a 

matter of fact both quantities 

are function of T (design data I 

want to obtain), omega 

(excitation frequency) and of 

the mass of the equipment we 

want to suspend.
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Forces balance with 

respect to plane EF
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 100 1i T Considering i=90%, the obtained transmissibility is of 0,1

Considering a transmissibility of 0,1 and an excitation 

frequency  equal to the one of the compressor (that is the 

lower of the two and so it is the most critical), we obtain 

that the natural frequency of the 348 kg mass placed on 

the isolator has to be of 5Hz

Moment balance with respect to the line FE (mA and mB are at distance l , 2 masses at

unknown distance CD, 2 masses in correspondence of FE which do not make contribution

and the barycentric mass)
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Using the SDOF systems equation for the estimation of the natural frequency 

(𝜔𝑛 =
𝑘

𝑚
), it is possible to obtain the isolator stiffness necessary to 

sustain the 348 kg mass with natural frequency of 5 Hz. The selected isolator 

is the .0324. Using the SDOF equation it results 343 N/mm.
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From which follow that the natural frequency of the system has 

to be of about 12Hz.

The static deflection results of about  1,72mm   /
n st

g
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  /
n st

g
A new natural frequency arises from the 

choice of the isolators:

Moreover from the choice of the isolators 

arises a new transmissibility and a new 

isolation degree of about 87%, 

that is greater than the one requested.
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Vibration isolators – experimental characterization
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Internal damping of materials originates from the energy

dissipation associated with microstructure defects, such as grain

boundaries and impurities; thermoelastic effect caused by local

temperature gradiensts resulting from nonuniform stresses. No 

single model can satisfactorily represent the internal damping

characteristics of all materials. Nevertheless, two geneal types of 

internal damping can be identified: viscoelatic damping and 

hysteretic damping. 

Area = Damping Capacity

per Unit Volume

Stress

Strain

Area d  

For a linear viscoelastic material, the stress-strain relationship is

given by a linear differential equation with respect to time, having

constant coefficients. The Kelvin-Voigt model is often used for 

modelling viscoelastic material:

' ''
d

E E
dt


  

is the Young’s modulus'E

is the complex modulus representing the viscoelatic material

damping properties that is assumed to be time independent
''E

The frequency-dependent complex modulus model is an approach which allows the complex modulus to vary as a function of the 

excitation frequency
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The complex dynamic modulus of the material is defined as:

* E' jE''E  




 '

h
E k

A

''
h

E c
A



Generally, the experimental accelerometer signal is used as the response. As a consequence the complex stiffness and the 

complex modulus are obtained through the frequency response function as
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Experimental characterization of viscoelastic material – Example
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Test on polyurethane material for heavy-duty wheel

Stage 1. Static analysis. 

Cylindric sample 9mm height and 20mm diameter.

Different static stiffness values are obtained as a 

function of the applied load.



Experimental characterization of viscoelastic material – Example

MechLav – Laboratorio per la meccanica avanzata28

Test on polyurethane material for heavy-duty wheel

Young’s modulus

E’ for constant

small preload

Loss modulus

E’’ for constant

small preload

The measure curves do not cover the same frequency range. The upper frequency for each excitation

level is constrained due to the limited power of the shaker. The higher the vibration amplitude, the 

more power is needed at the same frequency. The lower frequency limit is related to the sensitivity of 

the impedance sensor. There is a lower limit for the acceleration and force measuurement below which

the signal to noise ratio becomes too low.



• The catalogues propose a static procedure for the choice of the 
isolator, based on the “static deflection”, “static stiffness”, shore.

• This is almost never sufficient because:
• The real system could almost never be represented as a 1 DOF system (the 

transmissibility function presents many resonances after the first one)

• Stiffness depends on the frequency (dynamic stiffness)

• Stiffness depends on the pre-load (static deflection)

• Stiffness depends on the dynamic load (peak-peak)

• The isolator choice using the static procedure is a necessary but not a 
sufficient condition. 

• Experimental dynamic tests and related checks are needed.



Exp

In-

situ

Lab 

Test

In firing  - measure of the upstream 

and downstream accelerations in 

steady state and run-up operational 

conditions

Notes: ratio between autopowers and mount 

efficiency in a particular condition (engine rpm, 

cabin weight ). Comparison between mount type.

FRF 

measurements

By hammer and 

accelerometers

By shaker (free), force 

sensor and 

accelerometers

Notes: Dynamic stiffness; real static 

mount deflection; no variable 

displacement; problem with possible 

non linearities; verify reciprocity

Notes: Dynamic stiffness; real static 

mount deflection; excitation with 

variable acceleration ; small variable 

displacement; problem with possible 

non linearities

By shaker + force sensor 

and accelerometer in 

close loop (sweep 

control, random control)

Notes: Dynamic stiffness; application of the real static mount 

deflection; excitation with the real variable acceleration and real 

variable displacement; analysis of the possible non linearities

(by test with different variable displacements or accelerations or 

static deflections). Test with the real acceleration and 

displacement profile are obtained by accelerometer and laser 

measurement in firing

On the real 

mount

On a specimen 

(e.g. cylindrical)

Notes: Dynamic stiffness 

and E (freq, Xst, Xdynam) 

(by a model). Effect of 

different static deflection, 

dynamic displacement and 

acceleration

MOUNT characterization (1)

MechLav – Laboratorio per la meccanica avanzata30



MOUNT characterization (2)

Numerical
Development  of an FE model of the 

mount with BCs and applied load equal 

to the Lab test (on the basis of the Lab 

test, selection of the best material 

model, E(f))

Model Validation : static validation, 

dynamical validation (by loading the 

model with the same 

acceleration/displacement profile as in 

the Lab test). Model validation should 

be verified in a certain range of Xst, 

Xdynam, frequency. Attention should be 

paid for modal analysis (the stiffness 

matrix is taken as constant)

Geometry or stiffness modification in 

order to improve performance
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Case study 1 - MOUNT characterization – Direct 
Method

   
2 1L

E jE
xA

F


 

 
   
 
 

Model for E 

determination 

(correction for BCs)

Setup for DS 

measurements in Lab 

test (Direct Method, i.e. 

direct measurement of 

acceleration and Force)

Control accelerometer

specimen

Shaker fixture

Force sensor
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Case study 1 – Dynamic Stiffness Lab measurements
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• Difference between 2 type of algorithm for DS 

calculation

• Attention to system resonances (due to the 

supporting structure)



Transmissibility – COMPRESSION 
direction

- ↓ 10 dB from engine to
cabin side.
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Case study 2 –MOUNT characterization
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Consider all the 

directions



Transmissibility – SHEAR direction I

- ↓ 15 dB from engine to
cabin side;
- RESONANCE 
firewall/cabin at 131 Hz.
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Transmissibility – in firing - Different
speeds

1000 rpm

2400 rpm – Best behaviour

at high speed
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Case study 3 – silent block

37

-Tested preloads: 220N, 350N, 480N;

- Tested dynamic displacements: 0.5 mm, 0.05 mm;

- Operational preload:    

6000N / 4(mounts)= 1500N (load for each mount) 

1500 N /5 =300N (load for each equivalent spring)

x1

x2M (1/4 cabin)=150 kg

Bracket

Keq =∑Ki

MechLav – Laboratorio per la meccanica avanzata

Dynamic Load cell

Test accelerometer
Specimen
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Case study 3 – Vibration absorber
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Case study 4 – silent block

39

- Tested preloads: 250N, 500N;

- Tested dynamic displacements: 0.5 mm, 0.05 

mm, 1mm;

- Operational preload: 1800N.

steel

polymeric
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Operational measurements – In-firing tests
Upstream/Downstream  @2400 rpm 

0.00 300.00Hz

-100.00

0.00

d
Bg

0.00

1.00

A
m

p
lit

u
d
e

297.81

-28.88

-46.32

F AutoPow er Monte:+Y 2231.1 rpm

F AutoPow er Valle:+Y 2231.1 rpm

0.00 300.00Hz

1.00e-6

1.00

L
o
gg

0.00

1.00

A
m

p
lit

u
d
e

F AutoPow er Monte:-Z 2231.1 rpm

F AutoPow er Valle:+Z 2231.1 rpm

0.00 300.00

1.00e-9

10.00

L
o
g

0.00

1.00

A
m

p
lit

u
d
e

15 – 20 dB reduction in average

Case study 4 – silent block for tractor cabin
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Case study 4 – silent block for tractor cabin

Trasmissibility

X – axis
Y – axis
Z – axis
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Amplification region
5÷40 Hz

8 Hz

18 Hz

32 Hz

The amplification region is due to the low frequency modes in the range 0-30Hz.

In particular, it depends on the mounts stiffness (X-Y-Z direction) and mass and 

inertia moments.

The amplification region is NOT due to an unsatisfactory behaviour of the mounts, 

but to the low frequency modes which occur in this region.
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FE model  Nastran STATIC Case

Nodal Force 1500 N

Clamped surface

Rigid spider connecting

BOTTOM and INTERNAL

Rigid spiders

BOTTOM

Clamped surface
-1 Material ASTM D2000;

- tetragonal element CTETRA;

- element RBE2.

Rigid spiders INTERNAL

Case study 5 – silent block
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FE model  Nastran STATIC 

Case – finding E Modulus

-1st trial: E1=2,8N/mm2  static analysis deformation of 3,44 mm  K0=436N/mm

-2nd trial: E2=2,5N/mm2  static analysis  deformation of 3,86 mm  K0=388N/mm

-3rd trial: E3=2,4N/mm2  static analysis deformation of 4,02 mm  K0=373N/mm

Starting from the E modulus of the literature (E=2,8N/mm2), I try to obtain a static stiffness

of 375N/mm (experimentally obtained) performing static analysis on the real component 

This methodology is

simpler and more 

precise, since in this

case I have the static

stiffness of the 

component.

Case study 5 – silent block
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Case study 7 – Engine test-rig isolators

Vibrational experimental measurements on diesel engine test-rig

1. Determination of the dynamic stiffness (force-displacement transfer function) 

of the engine anchor points on the test-rig pallet, through measurements using 

instrumented impact hummer impulsive excitation  and evaluation of the 

acceleration response. 

2. Determination of the filtering levels induced by the isolators (ratio of the 

acceleration auto spectrum measured on the upper pallet and lower pallet), in 

five different steady state engine operating conditions. 

3. Determination of the filtering levels induced by the isolators (ratio of the 

acceleration auto spectrum measured on the upper pallet and lower pallet), in 

run-up engine operating conditions. 



Case study 7 – Engine test-rig isolators
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Case study 7 – Engine test-rig isolators
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Case study 7 – Engine test-rig isolators
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Livelli di filtraggio  - 2500 rpm
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Livelli di filtraggio - 1200 rpm
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In order to obtain a global 

characterization of the equipment, the 

auto-spectra related to the points of the 

upper pallet (G1, G3)  and of the lower 

pallet (G2, G4) have been respectively 

averaged. Ls are the levels related to the 

upper pallet, while Li are the levels related 

to the lower pallet.

One-third octave filtering levels:

Where, the summations are performed on the components contained 

in each one-third octave band and NCB is the number of such 

components. The filtering levels show the vibration energy ratio (in 

terms of acceleration) on the upper and lower pallet, in dB.
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1. Determination of the dynamic stiffness (force-

displacement transfer function), through 

measurements using instrumented impact hummer 

impulsive excitation  and evaluation of the 

acceleration response. 

2. Determination of the filtering levels induced by 

the isolators in operating conditions.

A radiator side

B engine side

A

B
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The filtering level resulting from 

an impulsive excitation in the 

point B is poor for frequency 

values lower than 120 Hz. 

Particularly, it can be observed 

that, in the 30-60 Hz range, the 

FRF measured in the point A is 

higher than the FRF measured in 

the point B. This means that in 

this particular case the vibration 

is not damped but it is 

amplified. 

The system composed by 

the nut and the isolator has 

a resonance at 40 Hz and at 

around 100 Hz, where both 

the FRFs show pretty sharp 

peaks.

Excitation in B (engine side)
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From the FRFs ratio in the 0-400 Hz range, it is 

possible to notice that the isolator is not 

effective for in the range between 32 Hz and 56 

Hz, because the ratio is higher than 1. The 

initial part of the plot, from 0 Hz to 20 Hz, 

shows that the efficiency index has an 

irregular trend. This is due to the fact that the 

consistency between response and excitation is 

lower than 0.75 until 20 Hz, which means that 

the results are not reliable in this frequency 

range. 

Excitation in B (engine side)


