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Abstract: - This paper treats new vibration insulation systems intended for vibrations characterized by 
low tuning of the eigen frequency. Both the damping and the elastic characteristics are variously 
presented for the whole system as well as for its component elements. Thus, some practical models 
designated to attain appropriate performances in vibration insulation intended for equipments inside 
buildings (e.g. electric generator, air ventilation-conditioning systems) are presented. 
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1. THE CONCEPT OF VIBRATION 
PASSIVE ISOLATION 
 

In case of antivibrating viscoelastic systems the 
technical characteristics stating the system 
capability are mainly the following:  
- the equivalent rigidity in the dynamic freedom 

degree direction;  
- the system equivalent damping expressed by 

the critical damping fraction; 
- eigen frequencies of the viscoelastic system as 

well as the equipment mass, in the dynamic 
freedom degree direction;  

- vibration transmissibility in the dynamic 
freedom degree direction;  

- vibration insulation in the dynamic freedom 
degree direction. 
Taking into account a passive insulation 

system consisting in elements mounted in various 
geometrical and functional configurations, all the 
structure parameters, such as: rigidity, damping 
and mass are stated as a function of the individual 
parameters of the component elements.  

Aiming to ensure the building occupants’ 
comfort and to avoid the structure degradation, the 
specific requirements impose the performance 
level. Thus, the vibration insulation degree I, 
complementary to the vibration transmissibility 
correlated by relation TI −= 1  represents the 
synthetic parameter of the passive system 
performance. Also, these dimensionless quantities 
T and I can be expressed in percent. 

Table 1 presents the insulation performance in 
case of vibrations transmitted by the embedded 
equipment ensuring the buildings functionality. 
Thus, the performance level could be expressed by 
the rated insulation degree and the recommended 
insulation degree. 

 
Table 1. The insulation performance in case of 
vibrations transmitted by the embedded equipment 

Insulation degree I, % 
No Equipment Rated 

values1 
Recommended

values2 

1 Air-conditioning systems 
(mono-block) 90 70 

2 Air-treatment systems 90 70 

3 Centrifugal 
compressors 95 80 

< 10 HP 85 70 
10 - 15 HP 90 75 4 Piston 

compressors 50 - 150 HP 95 80 

5 Heating and ventilating 
systems 90 70 

6 Cooling towers 90 70 

7 Evaporating 
air condenser 90 70 

8 Pipe networks 90 70 
< 3 HP 85 70 9 Pumps > 3 HP 95 80 

1) For churches, restaurants, offices, housing, 
schools, hospitals, radio and TV studios.  
2) For factories, washeries, garages, technical cellar, 
intermediary levels. 
 

For a stated performance level, the vibration 
passive insulation efficiency can be verified by 
measuring the root-mean-square velocity of the 
transmitted vibrations. In this case, the effect of the 
transmitted vibrations upon the functional units of 
the building could be assessed based on the 
following criteria:  
- psycho-sensitive response of the human subjects; 
- structure response by possible appearance of the 

immediate or further degradations;  
- the equipment vibration severity correlated with 

the effect upon the accuracy of the measuring, 
monitoring apparatus intended for the buildings 
functional parameters. 
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2. THE PERFORMANCES OF 
VIBRATION PASSIVE ISOLATION 
SYSTEMS 
 

Three passive insulation solutions where the 
viscoelastic elements consist in antivibrating 
rubber are presented. All the elements are identical 
having cylindrical shape, each element being 
characterized by the following parameters: 
diameter d = 5 cm, height h = 5 cm, shape factor  
Φ = 0,25, rubber hardness 65 ºShA, Young 
modulus Est = 540 N/cm2, capable compression 
force P = 1250 N, axial rigidity coefficient                    
k0 = 1700 N/cm, maximum permissible 
compression tension 2N/cm5,61=σa , maximum 
permissible specific deformation 15,0=εa , 
maximum permissible axial deformation 

cm75,0=Δ ah . 
The classic passive insulation solution is 

characterized by directly supporting of the 
equipment 1, having the weight G on the identical 
elements 2, (see Figure 1a) the system being 
denoted DSS (directly supporting system). 
 The presented innovative solutions are 
patented and based on the static deflection 
amplifying under loading using properties of the 
elastic linked lever. In this respect, figure 1b 
illustrates the simple elastic system - SES based on 
the effect of a single lever to amplify the deflection 
under loading.  
 Figure 1c represents the composed elastic 
system – CES based on the cumulated effect of 
two levers with elastic links between them and the 
fixed base. 
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Figure 1a. Directly supporting system 
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Figure 1b. Simple elastic system 
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Figure 1c. Composed elastic system 
 
3. THE PARAMETERS OF VIBRATION 
PASSIVE ISOLATION 
 
 All the passive elastic systems consist in 
identical antivibrating elements having cylindrical 
shape. The total number of the elements, 
depending on the passive insulation system 
configuration, differs as follows: N1 = 8 elements 
for DSS; N2 = 12 elements for SES;                     
N3 = 20 elements for CES. The total weight of the 
supported equipment is G = 104 N and the working 
exciting frequency is f = 12,5 Hz or                    n = 
750 min-1. 
 
a) Directly supporting system – DSS 
 The static deformation stΔ given by the 
equipment dead weight G for the directly 
supporting system consisting in N1 rubber 
antivibrating elements with individual rigidity k0, 
parallelly connected can be expressed under the 
form: 
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10 Nk
G

st =Δ  (1)

 
and the fundamental eigen frequency is given by: 
 

st

DSS gf
Δπ2

1
0 =  (2)

 
where g = 9,81 m/s2 represents the gravity 
acceleration. 

In case G = 104 N, k0 = 1700 N/cm, N1 = 8 
elements it results in f0 = 5,81 Hz. 

For the equipment working frequency                         
f = 12,5 Hz in the diagram illustrated in figure 2 
one can obtain the vibration insulation degree                
I = 0,723 < 0,9, showing that the passive elastic 
insulation is dissatisfactory for an imposed 
performance level Inec ≥ 0,9. 

For the elastic model of the directly supporting 
system, the curve I=I(Ω) has been obtained on the 
basis of the analytic function of the insulation 
degree given by the relation: 

 

21
11
Ω−

−=I  (3)

 

where 
0f
f

=Ω  represents frequency or relative 

pulsation.  
 

0 1 2 3 4 5
5

4

3

2

1

0

1
0.958

4.263−

I Ω( )

50.1 Ω  
Figure 2. Variation of the insulation degree for DSS 
 
b) Simple elastic system - SES 

For the system illustrated in figure 1b, the 
equivalent vertical rigidity in case of supporting on 
four levers with elastic links, we have: 

 

)1(2 2
20

+λ+λ
=
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and the fundamental eigen frequency is 
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In case of SES with N1 = 8 elements;                 

N2 = 12 elements, Hz81,50 =DSSf  it results in:  
 

1

56,0
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where 
a
b

=λ  represents the coefficient 

controlling the static deformation multiplying 
effect for the first elastic stage of the simple elastic 
system.  
 

ν
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f
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where SESΩ  is the relative frequency of SES, f 
representing the perturbing frequency of the elastic 
supported equipment.  

For the given situation f = 12,5 Hz, it results in: 
 

ν
=

ν
⋅=Ω

15,21
81,5
5,12

SES  

 

where 2
2 62,4

ν
=ΩSES . 

The vibration insulation degree for SES is 
given by relation: 
 

2
62,41

11

ν
−

−=SESI  (7)

 
Figure 3a represents variation of the eigen 

frequencies ratio ν depending on λ coefficient and 
figure 3b represents the variation curve for the 
insulation degree SESI  as a function of the 
controlling coefficient λ. 
 



 

RJAV vol IV no 1/2007                                             64                                                       ISSN 1584-7284 

0.5 1 1.5 2 2.5 3 3.5 4
0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.423

0.122

ν λ( )

40.5 λ  
Figure 3a. Variation of the relative eigen frequencies 
for SES 
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Figure 3b. Variation of the vibration insulation degree 
for SES  
 
c) Composed elastic system  – CES 

In case of the system consisting in two levers 
with elastic links, according to figure 1c, the 
equivalent rigidity coefficient in the vertical 
direction is given by relation:  

 

1)12)(1(2 222
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where 
c
d

=μ  represents the coefficient 

controlling the multiplying effect for the second 
elastic stage.  

The relative eigen frequency DSS

CES

f
f

0

0=ϕ  can 

be written as: 
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In case of a two stages system with                         

N1 = 8 elements; N3 = 12 elements, 
Hz81,50 =DSSf , we have: 

1)12)(1(
58,1

222 +μ++μ+μ+λ+λ
=ϕ (10)

 
The frequency ratio for the composed elastic 

system is: 
 

ν
==Ω DSSCESSES f

f
f

f

00
 

 
where taking into consideration f = 12,5 Hz and 

Hz81,50 =DSSf  it results in: 
 

ϕ
=Ω

15,2
CES  

 
The insulation degree for the two elastic 

stages system is expressed by the relation: 
 

2
62,41

11

ν
−

−=CESI  (11)

 
For the current variable λ and parametric 

discreet variation 4,3,2,1=μ  it results in the 
variation curves for the relative eigen frequencies 

),( μλϕ=ϕ  and the insulation degree 
),( μλ= CESCES II  represented in figures 4a and 

4b. 
 

0.5 1 1.5 2 2.5 3 3.5 4
0

0.1

0.2

0.3

0.4

0.5

0.6
0.527

0.068

φ1 λ( )

φ2 λ( )

φ3 λ( )

φ4 λ( )

40.5 λ  
Figure 4a. Variation of the relative eigen frequencies 
for CES 
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Figure 4b. Variation of the insulation degree for CES 
 
4. CONCLUSIONS 
 

The performance parameters for the 
vibration passive insulation systems are the 
following: 
- the equivalent rigidity in the dynamic freedom 

degree direction; 
- the vertical static deformation under the total 

gravity load; 
- the insulation degree in the dynamic freedom 

degree direction. 

The innovative passive insulation systems, 
patented in Romania, conceived as elastic 
structures with one or two stages have the best 
performances for insulation degrees > 98 %. 

While designing these systems, all the 
resistance and stability conditions must be taken 
into account in order to ensure the insulated 
dynamic equipment operation. 
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