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How to select isolators

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 +7.623365) E Young's modulus in MPa
0.1 37505(254 - 2-545) S ASTM D2240 type A hardness

This relation gives an infinite value for E at S=700, but departs form
experimental data S < 40

Durometer hardness test

Applied load Durometer indenters
Shore A Shore D
D1.1-1.4mm D1.1-1.4 mm
351: 3““

\

D 0.79 mim R {.1 mm

ghore hardness scy,
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How to select isolators

The person who is in charge of programming the installation of a
plant fitted with vibration isolation should know the various charac-
teristics of current oscillatory systems.

Generally speaking the following materials are available when
creating oscillotory systems.

elastomers

polyuvrethane (expanded)
thermo-plastic materials

metals |steel)

gas [air)

liquids (oil)®

T anly when combined with dlosfic elements

Other oscillatory systems also exist with shaped elements produced
in thermo+plastic material and combinations of elastic elements with
hydraulic dampers.

Sistemi oscillanti

Elementi/Elements

Oscillatory systems

Gruppo/Unit

Elastomeri (gomma)
Elastomers [rubber)

PUR (espanso) Acciaio Aria

PUR (expanded) Steel Air

puffer o tomponi/buffers

barre,/bars

molle/springs

zoccoli/machine mountings

lastre/plates

supporti/supports

conifcones

materassini sotto ballast/mattresses under ballast

elementi a molle (supporti chivsi)/
elastic elements [closed supports)

elementi con cavo d'occigio/elements with steel cables

elementi a molla, in accigio/elements with steel springs

sospensioni pnevmatiche/pneumatic suspensions

molle pneumatiche/pneumatic springs

stabilizzatori,/stabilizer
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frequenza prepria [Hz] / nawral frequency [Hz)

How to select isolators

Natural frequency

Usually the frequency of the exciter and the mass of the plant are
indicated for which only the natural frequency and the system’s
damping is taken into consideration as variables.

"] T
1 maolle in elastomercd] PUR cellulared
g elastomear springs0 expandad PURDO
] o
g
7
—_—
5 —
molle pneumatichel
4 pneumatic springs0
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The suspension is effective for rA2 greater
than 2
4

groda di smerzaments/ degres of damping
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Level of damping
The main requirement for creating an oscillatory system is that any

unacceptable motion should develop inthe resonance area, ie. the

support elements must have an adequate degree of damping.

mlle in elastomerol]
elastomer springs0
O

PUR celulared
expanded PURO
O

madle in acciaiol
steel springs

modle pneumatichall
pneumatic springs0
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How to select isolators

Prezzo/Price

prerro fprice

altol
Thigho

meediol

average

O
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How to select isolators

Elastomer elements

The elements are utilised in the following forms:

plates

elastomer springs
rubber-bonded metal parts
buffers

laminated supports, etc.

Elastomer elements are particularly suitable in circumstances where
the following principles are important:

~ high level of elasticity
- limited mounting heights
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How to select isolators

PUR elements Cross-linked
polyurethane

The main characteristics of PUR are: The main sectors of use are:

~ high volumetric compressibility — foundations and floating floors

— high dynamic elastic deflection up to B0% of the original height ~ track supports [mattresses under ballast)
~ resistance to chemical products ~ dampers for cranes

- |"|i5||"| tearing Efrgrgfh — springs for use in the automobile industry
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How to select isolators

Steel elements

The main characteristics of steel springs:

— almost every kind of elastic suspension for all types of lood can be
obtained using steel springs

~ the elastic deflection of springs is proportional to the load

- steel springs can be calculated very accurately

Steel springs give limited damping in the material. This is often con-
sidered to be o disadvantage. Today, however, steel springs with
mute damping (friction damping) or VISCO damping are available
which exceed the notural damping of elastomers .
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How to select isolators

Air elements

The suspension is
effective for rA2
greater than 2

Pneumatic elements have the lowest natural frequency of all the The main characteristics of pneumatic springs:
various kinds of elements. They can be used in cases where a regu- ~ low natural frequencies range from 0.4 to 4Hz
lar, pericdical check can be carried out. — natural, almost constant frequencies which do not depend
on the load

possibility of obtaining damping with air choke

possibility of adjusting the level by varying the air pressure
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How to select isolators — Angst+Pfister

|solating elements are long lasting products . This, however, will only
betrue if the elements are selected correctly.

In the case of rubber elements it is necessary to consider the fact
that, with an effect of equal force, strain will differ according to the

type of stress. Most elements can be subjected to pressure, shear
and torsion. Short term traction loaods deriving from shock effects are
acceptable. Continuous traction loads are not acceptable.

Valori indicativi di carico Approximate load values
Tipo di carico/Type of load Carico ammissibile/Acceptable static Urto/Shock
statico/load dinamico/dynamic
M/ mmsz N/ mm2 M/ mm2
compressione/ pressure 0,5 +0,125 2,0
taglio/shear 0,2 = 0,05 0,6
trazione/traction - - 1,5
torsione/forsion 0,3 = 0,075 0,9
compressione,/taglio (457 0,5 +0,125 2,0

pressure/shear (457)
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How to select isolators — Angst+Pfister

MR based damping elements are not resistant to the actions of oil,
grease, fuel or other chemical products. These elements should

be protected by sheathing.
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How to select isolators — Angst+Pfister

“Creep” is a characteristic common to elastomer elements. This can

be attributed to strain caused by the effect of a load which does

not return completely to its original position. In proctice, the increase
in elastic deflection coused by creep in isolating elements is, in most
cases, negligible.

2 | | |
2 | decade di tempo/ 1 decade of time
.E -—
LT —_—
5
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5
i as
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'E — | '
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& - 100 & . 102 & - 104 & - 10e & - 108
= 1 |:I = .?d = EEI = EDU

durata di carico t/ duration of load 1 [3]

5, = cedimento siotico dopo & secondi
t = durata di carico [s] o [decodi)

5, = alastic deflection after & seconds
t = duration of load [s] or [decades|

Mechlav — Laboratorio per la meccanica avanzata



13

How to select isolators
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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.
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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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Design formula consideration

The level of isolation is defined as 7-T. It was noted that in the isolation region (r°>2) the transmissibility decreases (hence, the
level of isolation increases) as the damping ratio { decreases.

1+(2¢ o/ w,) v

T =

Isolator stiffness

a)z/a)s = w’m/k :

Static deflection of the isolator

15

V (1—(02/@,3)2 +(2§a)/a)n)2

1

1—(02/(05

2
For small k - ), mT

(1+T)

o, |6, = (1+7)-2-
0,

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 |
want to obtain), omega
(excitation frequency) and of
the mass of the equipment we
want to suspend.
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How to select isolators — Angst+Pfister

Isolating elements

In practice, it is very difficult to calculate isclating elements because,
in most cases, the necessary basic information regarding forces of
equilibrium, the position of the centre of gravity, the rigidity of the
machine and the acceptoble oscillation speeds are not available.
Moreover, these influences can vary considerably even in machines
of the same structure.

In order to understand better the relationships, the following
calculations refer to a single mass oscillator with excitation of har-
monic force and an extremely rigid installation position [something
which never actually happens). This simplification is, however,
acceptable for many plants.

The exciter frequency f_, of the supported object is always a
decisive factor in establishing the efficiency of an isclating support
where vibrations exist. The necessary natural frequency f; of iso-
lating elements can be calculated by the degree of efficiency of

isolation i indicated or recorded.

When calculating the degree of efficiency of isolation it is necessary
to bear in mind that one hundred per cent isclation is not possible.
The economic limit falls between 80% and 95%. Better levels of
isolation are possible using specific applications for supplementary

foundations, pneumatic supports, etc.

Theory

1 .
T:1—w2/a)5 (=100(1-T)
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Example of isolator

Zoccolo A+ P

A +P machine mounting

Cod. ari. Madello Durezza Portata Forza di taglio Cedimento statico Cedimento statico
A, nou Madel Hardness Laad capacity Shear force Elastic deflection Elastic deflection
Fy Fu, | ™ oy

oA kg M ! mm '11":

85221101 110 45 +5 760 8 500 35 3,0

85221102 110 &) £5 1 480 14 450 35 3,0

85221103 110 70 x5 2100 20 250 35 3,0

Materiali: Materials:

—alemanta in elastomera: MR, nara —elastomer alament: MR, black

—corpo metallice: acciaio foshatate - mefal body: galvanised steel

(leggermente lubrlticak) (slightly lubricated)

— parti metalliche di collegamente: acciaio fosfatate - mefal connecting parts: galvanised steel

(leggermeante lubrificalk) [slightty lubricated)

Esecuzione: con regolazione d'allezza Execution: with height adjustment

Applicazioni: Applications:

Elemeanti di impiage universale per il sup porie antivi-
brante di macchine ed apparecchi di tuthi i tipi.

Attenzione:

Lo rigidia ol foglic degli alemenfi @ maggione dolla rigidita werficala.

17

Universally used elements for the vibration-prosof suppart
of machines and apparata of all types.

Attentont

The shearing strength of the alaments is higher than the verficol srength.

0ZwW

FFAT=]
ZITE
|

&
=
ZIMS

147

forza di taglic Foy [kN]

portata F, [kg]

load capacity F, [kg]

shear force F,, [kN]

2400

2000

1200

800

400

24

20

70 ShA
&0 ShA

1 2 3 4 5

cedimento siatico s, [mm] / elastic deflection s, [mm]

70 ShA
&0 Sha

/ / 45 ShaA

/// ,/
/

1 2 3 4 5
cedimento statico s,y [mm] J elastic deflection Sy [mm]
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How to select isolators — Angst+Pfister

Support element

A 3-cylinder compressor must rest on support elements as shown in

the diaogram below:

.
H
| collegamenti pneumatici e idraulici fessibili
flexible pneumatic and hydraulic conneciions

compressons
Compressor

basamento di fondazicne |contromassa suppl.]
foundation base [extra counter-mass)
—

= e

elementi isolanti le vibrazioni e il rumore per via solida
vibration and solid borne noise isolating elements

Data:

— mass of the electric motor with accesscires m;= 20kg

- mass of the compressor my= 400kg

— number of revs ot the compressor ny = 900 min-1
- number of revs of the motor ny = 1450 min-1
- number of damping elements &

- isclation effect 90 %

To be obtained:

- counter-mass requested a foundation base
centre of gravity of the plant

layout of the damping elements
type of element
measures to be taken to prevent the transmission of vibrations via

the cooling piping or forced air piping.
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How to select isolators — Angst+Pfister

Definition of extra counter-mass

The amplitude of oscillation of a supported plant is reduced thanks
to extra counter-mass. In the case of slow-rotating compressors,

in particular, a foundation base equal to three to five times the
weight of the compressor will be required.

Pre-calculated data:
concrete foundation with the following measurements:

length | = 2200mm
width b= 1100mm A " .
thickness h = 300mm C\ ) N
density of the reinforced concrete p = 2.3 d N Y
the foundation will have a mass of m,
my=l-b-h-p N & . Py I I S-S
my=22.11-3.23=16498kg

C"\ fan fa

0 © O

1

X3

Definition of the layout of the support elements

Calculation of the position of the general centre of gravity:
x; = distance from the centre of gravity per m; = 1600 mm
x, = distance from the centre of gravity per m, = 200 mm
x4 = distance from the centre of gravity per mg = 1100 mm

Weight of the plant:
Mg = Mq + Mz + M3y

mg =20 + 400 +1669.8 = 2089.8 kg

Position of the centre of gravity: Forces balance with
respect to plane EF

xg = [xp-my) + b -ma) + beg-mg)
Mg

xy = 11600 '_?‘_Ji_’fl@‘%é%ﬂéﬁ_ﬂ_‘ﬂﬁ_' 1669.8) _ 932 5 mm
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How to select isolators — Angst+Pfister

Layout of oscillating elements

According to its function the plant must be supported by & elements.
The layout of the elements must permit an even distribution of the
load on all the elements.

Load for each element, in the presence of & elements:

e = o - 2089849 54531

Moment balance with respect to the line FE (mA and mB are at distance | , 2 masses at
unknown distance CD, 2 masses in correspondence of FE which do not make contribution
and the barycentric mass)

xop = =2 Mp-lemg:x; 2234832200+ 2089,8:932,5 _ 597.5 mm

EME=0=2-mg-l-mg-xg+2-mg-xcp

Considering i=90%, the obtained transmissibility is of 0,1 — {=100(1-T)

Considering a transmissibility of 0,1 and an excitation
frequency equal to the one of the compressor (that is the — T _ 1
lower of the two and so it is the most critical), we obtain 1— wZ/COZ
that the natural frequency of the 348 kg mass placed on 4
the isolator has to be of 5Hz
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How to select isolators — Angst+Pfister

Elemento a molle GERB® 53Q,

con Sordino

Springs element GERB® $3Q,

with Sordino

Cod. art. Modello  Altezza Altezza  Portata Costante Costante Pre- Peso
libera sotto F, elastica verticale elastica orizzontale compressione
Art. no. Model Height Height Load Vertical Horizontal Pre- Weight
without load below F, capacity  elastic constant  elastic constant compression
H, H, F, <, Ch
mm mm kg N/ mm N/ mm mm kg
12.2155.0321 S53Q-2415 66 51 280 140 210 5 2,8
0322 53Q-2425 66 51 310 160 250 4 2,9
0323 53Q-2435 66 31 340 190 280 2 2,9
0324 §53Q-2445 66 sl 400 240 340 2 2,8
0325 53Q-2455 66 53 420 280 420 2 3,1
0326 S53Q-246 5 66 54 500 350 530 2 3.1
0327 S53Q-247 5 66 54 580 410 580 2 3,1
0328 S53Q-2485 66 53 690 490 720 1 3,1
The following element was chosen:
GERB® spring element,
model 53Q-2445,
Art. no. 12.2155.0324
Using the SDOF systems equation for the estimation of the natural frequency
k i . . . .
(wn = (;) ), 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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Isolating elements

Electrical control apparatus must be mounted onto a transport
system. |lsolation must be provided in order to prevent problems

of electronic nature.

Known data:

weight of the control apparatus m = 60 kg

number of fix points: 4

exciter frequency of the transport system f, = 1450 min-1
desired isolating effect, very good (> 80%)

To be found:
an isclating element to be fixed to the wall

Solution

The solution required in this case is of the passive isolation type,
which must be capable of protecting the electronic apparatus from

potential external disturbance.
lUse of a wall fixture means that the elements to be isclated must

be chosen according to shear.

How to select isolators — Angst+Pfister

Definition of the load each fixing element
F=m-g=60-981=600N

Fu=——=2990 150N
4 4

The formula used for the degree of isclating efficiency, broken
down on the basis of f5, will give the value of natural oscillation
required for a degree of isolation of 80%:

1

From which follow that the natural frequency of the system has
to be of about 12Hz.

The static deflection results of about 1,72mm =) @, =g/,
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How to select isolators — Angst+Pfister

The following has been chosen: According to their elastic shear characteristic, with a lood of
cylindrical buffer model A 150 N, the selected cylindrical buffers will produce an elastic
Art. no. 12.2001.6903 deflection sg of 3.58 mm.

hardness: 57 Shore A
dimensions: © 30 x 20 mm

forzadiaglioF, [M]

A new natural frequency arises from the
= g . : =.\9g/9
threaded pins: M8 x 20mm choice of the isolators: @ =N/ 0
= 180 Moreover from the choice of the isolators T= %
= | H/h = 20 mm . issibili d T-w /a)
w180 Y1 ——— —z T r— arises a new transmissibility and a new n
_E 140 P — isolation degree of about 87%,
§ 120 / Fljﬂwy that is greater than the one requested. i=100(1-T)
= 100 |
80
40 /___,,..--'//:/
40 |
20 |l
0
0 2 4 6 &

cedimento stafico s, [mm] / elostic deflaction s, [mm]
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Vibration isolators — experimental characterization



Damping in viscoelatic materials

Internal damping of materials originates from the energy

dissipation associated with microstructure defects, such as grain

boundaries and impurities; thermoelastic effect caused by local

c L — _ _ temperature gradiensts resulting from nonuniform stresses. No
e 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.

Stress
o A

' > For a linear viscoelastic material, the stress-strain relationship is
€ max 3 given by a linear differential equation with respect to time, having
Strain constant coefficients. The Kelvin-Voigt model is often used for
modelling viscoelastic material:
Area = Damping Capacity d&'
per Unit Volume I "

oc=E'¢+E"—

Area = <ﬁad5 dt

E' is the Young's modulus

E'' is the complex modulus representing the viscoelatic material
damping properties that is assumed to be time independent

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

25 Mechlav — Laboratorio per la meccanica avanzata



Experimental characterization of viscoelastic material

The complex dynamic modulus of the material is defined as:

h
=2 k= |
& A Loss factor which .

) / represents the 77(60) B E (a))

E*=E'+ E" - damping capity of the rYPRY

J T~ h material E ()
E'=co—
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

E'(w)+ JE" () = hz 5&(1@)
F(w)

26 Mechlav — Laboratorio per la meccanica avanzata



Experimental characterization of viscoelastic material — Example

Test on polyurethane material for heavy-duty wheel

Cylindric sample 9mm height and 20mm diameter.

8O0

f3 | ' | ' ' /,
7000 [K2]
loading curve
6000 !
L !
5000 :
M ao00) :
fl Stage 1. Static analysis.
3000 I unloading
I curve
2000 | I
: n on(mm) &f(N) K (N/mm) FE (MPa)
1000 | : 1 1.6 3500 2187 8.57
- ¥ | 2 0.75 2000 2631 10.31
B3 5 , 125 13 3 0.69 2000 2898 11.36

Different static stiffness values are obtained as a
function of the applied load.
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Experimental characterization of viscoelastic material — Example

Test on polyurethane material for heavy-duty wheel

fixed clamp

tread sample

mpedance
sansor

P

alectrodynamic shaker

28

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.

15 T T T T T T T T T

Deformation amplitudes

0.02 mm
0.025 mm

MPa

Young's modulus

small preload

;| ] L 1 L L 1 1 1 1 o.‘s

] 50 100 150 200 250 300 350 400 450 [ 0

04 |

¥ 00005 mm
0.001 mm 0.45 F
13 b 0.005mm
2 /’__f:____ {
Snur
/ 03
1m0 P

g L E’ for constant 630

Deformation amplitudes
0.0005 mm
0.001 mm
0.005 mm
0.02 mm

0.025 mm

Loss modulus
E" for constant
small preload

50 100 150 200 250 300 350 400 450 500
[Hz]
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* The catalogues propose a static procedure for the choice of the

n

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.
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MOUNT characterization (1)

In firing - measure of the upstream Notes: ratio between autopowers and mount
and downstream accelerations in efficiency in a particular condition (engine rpm,
steady state and run-up operational cabin weight ). Comparison between mount type.
conditions
Ir," Notes: Dynamic stiffness; real static
situ By hammer and mount deflection; no variable
accelerometers displacement; problem with possible
FRF non linearities; verify reciprocity
Exp measurements
\ " By shaker + force sensor Notes: Dynamic stiffness; real static
Test | | and accelerometer in By shaker (free), force mount deflection: excitation with
close loop (sweep sensor and variable acceleration ; small variable
control, random control) accelerometers displacement; problem with possible

/\ non linearities

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

On the real

mount 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
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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 T - MOUNT characterization — Direct

Method

Model for E
determination
(correction for BCs)

Setup for DS
measurements in Lab

direct measurement of
acceleration and Force)

test (Direct Method, i.e.

32

Force sensor

Control accelerometer

specimen

Shaker fixture
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Case study 1— Dynamic Stiffness Lab measurements

Difference between 2 type of algorithm for DS

calculation
Attention to system resonances (due to the

supporting structure)

DS — Real Part k, ; - UNI EN ISO 10846
6000 [ [ [ [ [ [ [

s A ) *u:

-2000 —
4000 [ [ [ [ [ [ [
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800 900 1000
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4000 |— ‘\‘ ]
| |
£ 2000/— [T I - _ ‘ —
: [ e - -
> F e I v | —
T o= \ Y, \ vl —
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|
2000 — \\\ —
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Mechlav — Laboratorio per la meccanica avanzata



34

Case study 2 -MOUNT characterization
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Case study 2 — MOUNT characterization

Transmissibility — SHEAR direction |
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Case study 2 -MOUNT characterization
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Transmissibility — in firing - Different
speeds
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Case study 3 — silent block

SN
 specimen_|

Specimen

-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)
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Case study 3 — Vibration absorber

Dynamic stiffness
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[N/mm]

340

Dynamic defomration of 0.05 mm pk-pk

320

300

280

260

240 1

220

200

180

160

140

220N
350N |7
480N

50

[N/mm]

240

220

200

180

160

140

120

100

80

1
100

1 ) )
150 200 250

Frequency [Hz]

Static preload of 220N

L
300

350

60
0

Frequency [Hz]

| -
o
)
(@]
©
[
(%))
(%]
(@]
—
(%]
(%]
Q
=
= —
'g;E
€
L
€=
=
c
>
A

Dynamic deformation of 0.05 mm pk-pk

0.15
220N
350N
480N
0.1
0.05 i
0 =~ -
-0.05 i
0.1 r r r e e
50 100 150 200 250 300 350
Frequency [Hz]
Static preload of 350N
600 T T T T T T T T T
—0.05mm
500 —05mm |§
400 &
300 g
200 B
100 1
U <
-100 1
-200 1
2300 1 1 L 1 1 1 L L 1
0 10 20 30 40 50 60 70 80 80 100

Frequency [Hz]

Mechlav — Laboratorio per la meccanica avanzata



39

Case study 4 — silent block

- Tested preloads: 250N, 500N;

steel

polymeric

- Tested dynamic displacements: 0.5 mm, 0.05

mm, Tmm;
- Operational preload: 1800N.
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Case study 4 — silent block for tractor cabin

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

000 15 =20 dB reduction in average

y

aF AutoPow er Monte:+Y 2231.1 rpm
- OF AutoPow er Valle:+Y 2231.1 rpm
28.88 W Hin

— —_ Q

| | M | | s I "|§

o3 [4632 WM i 2

WL\/ |

_ m’ W,J"J <
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-100.00 , , , | , , | , ) 0.00
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Case study 4 — silent block for tractor cabin

1.00

X — axis
Y — axis
Z — axis

/
Amplitude
Amplitude

Trasmissibility

)
- bt o i pmpian 0.00

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Hz

Amplification region
5+40 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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Case study 5 — silent block

FE model Nastran STATIC Case

Nodal Force 1500 N

Clamped surface

Clamped surface

-1 Material ASTM D2000:;

- tetragonal element CTETRA,

- element RBEZ2.
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Case study 5 — silent block

Starting from the E modulus of the literature (E=2,8N/mm2), | try to obtain a static stiffness
of 375N/mm (experimentally obtained) performing static analysis on the real component

-15t trial: E1=2,8N/mm2 - static analysis >deformation of 3,44 mm - Ko=436N/mm

FE model Nastran STATIC -2n trial: E2=2,5N/mm2 - static analysis = deformation of 3,86 mm = Ko=388N/mm

Case — finding E Modulus

43

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

[sssiale_an 2 inc_3_sup_E tarzo_4_1.12 613 CATAnalysis]

Q This methodology is
— simpler and more
N precise, since in this
|15 8 case | have the static
1= 8 stiffness of the
5 component.
:
4
L%
%E%;;mi"i:f”@.ﬁﬁ S = - msvmiajab MechLav — Laboratorio per la meccanica avanzata




Vibrational experimental measurements on diesel engine test-rig

44

Case study 7/ — Engine test-rig isolators

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.
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isolators
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Case study / — Engine test-rig isolators

1 e S .
In order to obtain a global 2( > G+, GSJ One-third octave filtering levels:

characterization of the equipment, the L, =10-log,, —*"*—222 1 1 G 1 G

auto-spectra related to the points of the 107" [m} L, =10xlog,, —(— Z — o+ — —3)

upper pallet (G, G;) and of the lower s* 2\ Neg vanda G, Neg binda G,

pallet (G,, G,) have been respectively 1

averaged. L, are the levels related to the z[b;an +b;aG4j Where, the summations are performed on the components contained
upper pallet, while L; are the levels related L, =10-log,, o in each one-third octave band and N is the number of such

to the lower pallet. 107" LJ components. The filtering levels show the vibration energy ratio (in

terms of acceleration) on the upper and lower pallet, in dB.

Livelli di filtraggio - 2500 rpm

Terzi di ottava Livelli di filtraggio - 1200 rpm
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O Livelli di filtraggio @ Valori di riferimento |
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Case study 8 — Radiator support isolators

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
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Case study 8 — Radiator support isolators

Excitation in B (engine side)
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Case study 8 — Radiator support isolators

Excitation in B (engine side)

RAPPORTO FRF(A) / FRF(B) CON ECCITAZIONE IN B

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

FRF(A) / FRF(B)

St A\ the results are not reliable in this frequency
O I 1 1 \ ﬁ_ F _-T' range.
0O 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384
Hz
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