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Abstract: In order to enhance the efficiency of oscillation damping, the viscoelastic element in a Duffing-type system is divided into 

parts, with discrete commutation occurring four times per period between them. It has been demonstrated that the enhancement of oscillation 

energy dissipation is achieved through mass transfer between the parts. The influence on the equivalent coefficients of the solution parame-

ters has been analyzed. 3D surfaces of the dissipated energy and equivalent coefficients have been constructed as functions of amplitude, 

mass ratio of the parts, and tension. It has been shown that discrete commutation allows for obtaining a hyperbolic type of frequency depen-

dence of the aperiodicity coefficient, reaching values of 0,4..0,6 in the resonance zone. 
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1. Introduction and problem statement 
In order to protect a number of modern technology objects, it is ad-

visable to have a hyperbolic type of frequency dependence of the relative 

attenuation coefficient in the shock-absorbing systems (SAS). In this case, 

an increase in this coefficient in the low-frequency resonance zone to a 

value of (0.45..0.5) should be achieved [1]. This type of dependence can 

be ensured by very quickly applying and removing a rigid connection to a 

part of the viscoelastic element (discrete switching) in the Duffing oscilla-

tor (OD with DS), carried out 4 times per oscillation period [2, 3] (Fig. 1). 

 
Fig. 1. OD with DS of parts of a viscoelastic element: 

1 – deformable part; 2– accumulating part; 

3 – connection (switch);5 – absolutely rigid shell 

 

In the OD with the DS, when connection 3 is removed, tension is 

introduced d ,0s s l . At rest and at the end of loading and unloading 

quarters, after the DK parts, the dimensionless total mass of the viscoe-

lastic element d ,0 a,0m m m 1       (Fig. 2). 

 
Fig. 2 The imposition of the constraint 3 in the state of equilbrium; 

point a divides the spring into parts; at DS a does not fall below the 

edge of the shell 4  

is distributed between the parts in some ratio a,0 d ,0 2 d ,0m m l l   : 

the mass of the deformable part becomes d ,um 1 , accumulating  

a,um  . 

The masses of the parts change abruptly at the moments of the DS, 

i.e. 
dm var , 

d d ,0m m  и 
am var , 

a a,0m m . 

At the end of the DS in the right and left amplitude positions of 

the object d ,lm 1 , a ,lm   (Fig. 3а, b). 

  
    a       b 

Fig. 3 Connection 3 imposition and switching termination 

 

The processes of equalization of forces in the OD with the DS of 

parts are typically irreversible processes, therefore they are accompa-

nied by the production of entropy due to mass exchange between the 

parts [4]. Despite the fact that the equation of state of the viscoelastic 

element is Hooke's linear law, the ambiguous characteristic of the 

positional force of the OD with the DS of parts is piecewise nonlinear 

(Fig. 4). 

 
Fig. 4. Curves 1 and 2 are the characteristics of the restoring force of the 

deformable part and the element after removing the connection 3 

 

Based on the proposed model of the OD with the DK parts (Fig. 

2, Fig. 3), the problem of ensuring a hyperbolic type of frequency 

dependence of the relative attenuation coefficient with its achieve-

ment in resonance of values close to the limit is solved 
2


. 
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2. Theoretical foundations 

2.1. Displacement of the equilibrium state of an object 

A sudden change in the mass of a deformable part 
dm  viscoelastic 

element, occurring at the moments of its commutation with the accumu-

lating part, regardless of the quarter period of oscillations  is described 

by the expression 

d ,l d ,u d ,l d ,u

d

m m m m
m

2 2


  
  
 

,    (1) 

where 
d ,lm  – mass of the deformable part when it is loaded in parts 

I and III of the period, 
d ,um  during its unloading in the II and IV 

parts of the period,,   − Heaviside function, which takes values on 

the phase segments of relative oscillations I 0,
2


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An approximate dimensionless periodic solution with respect to 

the generalized coordinate can be written as [5] 

r x,r x,rx m a cos t  , 

where is the displacement of the center of oscillation 
x,rm 0 ; 

x ,r x ,r d ,0a a l  − amplitude,   − excitation frequency y  (Fig. 1). 

Using x,ra  (1) the expression takes the form 

   
d 2 22 2

x,r x ,r

1 1 1
m 1 1

2 2 2a 1 a 1

  


 

       
                                     

, 

or d d ,av d ,amm m m    

the sum of its average 

d ,avm  and amplitude 

d ,amm  values (Fig. 5). 

Fig. 5. Masses d ,lm , 

d ,um  – when loading in 

I, III and when unloading in II, IV quarters; 

1 – plane 1,95  , 

plane passing 

through the maxi-

mum of the surface 

section 
d ,lm  by the 

plane 
x,ra 2  

 

The abrupt 

change in the mo-

ments of the DK 

results in a change 

in the initial length 
dl  (Fig. 6). 

 

 

 

 

Fig.6. Equality of the average and amplitude values of the initial length 

of the deformable part d ,av d ,aml l    

The dimensionless rigidities of the parts of a pre-deformed vis-

coelastic element in the intervals between switching moments are 

found using the expressions [6] 

d

d

1
c
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Substituting into them 
dl , get 

 
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22
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, 
d ,uc 1  (Fig. 7),
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, 
a ,u

1
c


 . 

 
Fig. 7. Graphs of changes in the rigidity of the deformable part: 

1..5 – in intervals between moments of DS; 

6 – average value of rigidity at amplitude x,ra 2 ; 

7 – rigidity of the element as a whole at moments of DS 
 

Taking these rigidities into account, the coefficient determining the 

share of s , falling on the deformable part, will be written in the form 

     

   

   

   

2 22 2

x,r x,r

d 2 22 2

x,r x,r

2 a 1 1 a 1 1
k

2 1 a 1 2 1 a 1

       


   

        
 

     
. (2) 

The periodic change in the length of the deformable part that 

occurs during the oscillations of the object
dl  leads to a periodic 

shift
rx  of its equilibrium state, in which the positional force is 

equal to zero (Fig. 8). 

 
Fig. 8. To determine the displacement of the state of static 

equilibrium of an object
rx  in quarters I and III  

Solving the equation 

   
22

r d dx 1 1 l k s 0         , 

we obtain an expression for the periodic displacement of the equili-

brium state of the object in quarters I and III  
I ,III 2 2 2

r d d d d d d d dx 2 l 2 k s 2 l 2k s l 2 l k s k s              (Fig. 9). 

 
 

Fig. 9. Surfaces of periodic displacement of the equilibrium state 

rx  in quarters of the oscillation period 

а   r rx f a ,  at s 0 ; b –  rx f ,s  at x,ra 2 ; 

1 – I

rx , 2 – III

rx , 3 – II IV

r rx x 0   
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2.2. Equivalent linearization of the positional force 

characteristic 

We obtain the characteristic of the positional force as the first derivative 

of the expressions for the potential energy of the deformable part in quarters

I , III  and II , IV  of the oscillation period 

   
2

22

d d r d d

1
V c x 1 1 l k s

2
        

  
.   (3) 

At the moments of the DC, the parts are connected in series, so the 

potential energy is written as 

   
2

22

d a sp r

1
V c x 1 1 s

2
 

      
  

, 
sp

1
c

1



 (Fig. 

10). 

  

Fig. 10. Potential energy of the deformable part as a function of 

tension s , ratio   and amplitude x,ra : 

1, 3  – vertical switching in amplitude positions; 

2,4  in states of static equilibrium 
rx 0 ; 

5  deformable part; 6 both parts at moments of DS 

Differentiating (3) with respect to 
rx , we obtain expressions for the 

characteristics of the positional force in loading quarters I , III  

      
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 (4) 

and unloading II , IV  

 
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r
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1
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.    (5) 

The area of the loops during the DS of the viscoelastic element 

is significantly larger than during its normal use. The increase leads 

to a decrease in the displacement 
rx . 

Substituting into (4) and (5) the dimensionless relative displacement 

r x,rx a cos , t  , we obtain 

 
      
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 
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.  (7) 

During the oscillation process, at a certain phase value, the posi-

tional force becomes equal to zero. This occurs at a value 
rx x    a 

shift in the state of equilibrium, which depends on the ratio  , ampli-

tude x,ra  and tension s .By setting   and x,ra , we can determine the 

tension 
0s , at which 

rx 0  . For example, for 1  , x,ra 2  

rx 0   at 
0s 0,453 , and when increasing, the "shortfall" of the 

object to the state of equilibrium is always equal to zero (Fig 11). 

Substituting (6) and (7) for the positional force  pos ,lf  и  pos ,uf   

into expressions for the coefficients of its harmonically linearized approx-

imation [5], 

  c s

pos f,d f ,df a cos a sin    , 

 
Fig. 11. The effect of tension on the positional force according to (4) 

and (5); vertical lines indicate the DS of the parts 

 

integrating over quarters and summing the results, we obtain the expres-

sion for the amplitude of the potential component of this force: 

   

2 2

x,r x ,rc

f ,d x ,r 2 2

a a
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1 1

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,  (8) 

in which 
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 
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  complete elliptic integrals of 

the first and second kind [7], respectively, we obtain (Fig. 12). 

 
Fig. 12. Surface amplitude of the potential component of positional force:  

1 – one deformable part ( 0  ); 2  OD with DS parts; 

3 – when removing the connection and the total length of the parts 

 1 2    

The amplitude of the dissipative component of the positional force, 

found by 

 
2

s

f ,d pos

0

1
a f , sin d



   


  , 

has the form 
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    

22 2 2 3 2

x,r x ,r

s

f ,d
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1 a

4 4

     

   


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   
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. (9) 

Maximum surface  s

f ,d x ,ra a ,  on amplitude x,ra 2  achieved 

with a lower value of the ratio  , than on the one on which 
dm  

maximum (Fig. 5, Fig.13). 

The harmonically linearized positional force is found from the 

expression 

 pos f ,df a cos    ,     (10) 
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Fig. 13. Surface 1 is independent of tension s ; 

2 – plane passing through the maximum of the cross-section of the 

surface by the plane x,ra 2  

in which its amplitude f ,da  is as 

   
2 2

c s

f ,d f ,d f ,da a a  ,    (11) 

and the tangent of the angle of mechanical losses [6] – 

s

f ,d

c

f ,d

a
tg

a
  .     (12) 

Substituting the expressions for the amplitudes of the potential (8) and 

dissipative components (9) into (11) and (12), we obtain expressions for 

f ,da  and the tangent of the angle of mechanical losses   (Fig. 14). 

 
 

Fig. 14. Dependence of the amplitude of the positional force and the 

angle of mechanical losses   on tension s : 

1 s 0  , 2 s 0,5  ;  

3 – in a state of static equilibrium f ,da 0  and corner 0   

The equivalent stiffness can be obtained from the expression 

  c

eq x,r f ,d x,rc a , ,s a a  ,    (13) 

which is significantly influenced by tension s  (Fig. 15). 

 
 

   a       b 

Fig. 15. Dynamic stiffness versus initial tension s :1– s 0 ; 3 – 

s 0,5 ; (on b surface 3 is not shown in order to show 

surface 1 for small   and large 
x,ra  

In the limit (13) gives an expression for the rigidity of the sys-

tem linearized in the small 

 x ,r x ,r

c

f ,d

eq 2a 0 a 0
x , r

a s
c lim

a 1 
 


.    (14) 

When tensioned the dynamic stiffness surface (13) is located above 

the surface at s 0 , and the plane linearized in small rigidity turns into a 

cylindrical surface, which means its independence from the amplitude

x,ra  (Fig. 16). 

 
Fig. 16. Dynamic stiffness surfaces: 

1 – stiffness of the system linearized in the small (14); 3 – according to (13) 

Dynamic stiffness versus amplitude  eq x,rc a  is a projection of 

the surface sections 3  eq x,rc a , ,s  in Fig. 16 planes соnst   on 

the plane 0   at two tension values s  (Fig. 17). 

 
 

    a       b 

Fig. 17. Dynamic stiffness versus amplitude x,ra  and relationships 

  at different tension values s : 

а – s 0 ; b – s 0,5 ;

1 0; 2 0,1; 3 0,2; 4 0,6;             

5 1; 6 2;7 4; 8 6; 9               

Sections of the dynamic stiffness surface  
x ,r

eq a 2
с ,s


at a fixed 

amplitude x,ra 2  in the function of the relation   and tension s  

planes s const  show its decrease with growth   and increase with 

growth s (Fig 18). 

 
 

    a       b 

Fig. 18. а – Dynamic stiffness surface  
x ,r

eq a 2
с ,s


; 

b – sections of the surface in Fig. a by planes: 

 1 s 0; 2 s 0,1;     3 s 0,2; 

4 s 0,3; 5 s 0,4; 6 s 0,5       

The expression for the dimensionless coefficient of inelastic resis-

tance is [6] 

 
s

f ,d

eq x,r

x ,r

a
a ,

a
 


 ,     (14) 

when s

f ,da  – amplitude of the dissipative component of force (9); 

 eq x,rc a , ,s   – frequency of free oscillations of an object;

     fr x,r n x,rn eq x,r
a ac a , ,s

  


  
    – dimensionless 

frequency of kinematic excitation y  (Fig.1); 
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x ,r
eq d ,0a 0

n

c c

m



 – natural frequency of oscillations of OD with DS; 

d ,0c   dimensional rigidity of the deformable part. 

Surface coefficient  eq x,ra , ,s   at different tensions s  and its 

sections by vertical planes const  , are given on Fig. 19, Fig. 20. 

 

 
Fig. 19. а – 3D dependence of the equivalent coefficient of inelastic 

resistance as a function of amplitude x,ra  and ratio   (поз. 1) 

under tension s 0  on frequency 1  ,  

2 – vertical plane 1,95  ; 

3 – zero damping plane; 

b  sections of surface 1 by vertical planes: 

1 0,1;   2 0,4;   3 1;   4 2;   5 4;   

6 10;   7 20;   8 100;   9 1000   

  

    a       b 

Fig. 20. а  3D dependence of the equivalent resistance coefficient on 

the amplitude x,ra  and relationships   (surface 1) under tension 

s 0,5  on frequency 1  ; 

2 – vertical plane 1,95  ; 

3 – zero damping plane; 

b – sections of surface  eq x,ra , ,s   planes  соnst   

Substituting into the expression for the amount of energy dissi-

pated during the period  
r

s

eq x f ,d x,rw a , a a    [6] expression for 

the amplitude of the dissipative component s

f ,da  (9), independent of 

s , we will receive 

   

    

2
2 x,r2 2 2 2 2

x,r x ,r x ,r

22

x ,r

a1 3
a a 1 2 a 1

4 4 4
w 4

1 a 1

     



  

    
             
      

   

.(16) 

The amount of energy dissipated during a period can also be found as 

twice the area of the hysteresis loop (Fig. 4) 

x ,r x ,ra a

pos ,u r pos ,l r

0 0

w 2 f dx f dx
 

    
 
 
  .    (17) 

Substituting into (17) expression (4) for the positional force of the de-

formable part pos ,lf  in quarters I , III  when it is loaded and (5) for 

pos ,uf  in quarters II , IV  when unloading it, we get (16), i.e. w w   . 

From the equation 
 d w

0
d


  let's find the ratio extr , at which 

the amplitude x,ra 2  the maximum is reached: 
x ,r

extr

a 2



  

0,81  (Fig. 21). 

 

 
    a        b 

Fig. 21.  а – Scattered energy surface 1;2 – vertical plane extr 0,81  , 

3 – – zero damping plane for 0  ; 

b  sections of surface 1 planes x,ra const :

x,r x ,r x ,r

x ,r x ,r x ,r

1 a 0,01; 2 a 0,5; 3 a 1;

4 a 1,5; 5 a 1,75; 6 a 2

     

     
 

The line passing through the maxima of the surface of dissipated 

energy is a spatial curve. Points a, b, c, d, e, f in Fig. 21b are projec-

tions of these maxima onto the plane x ,ra 0 . 

Equating, in accordance with the principle of energy balance 

[5], the amount of energy dissipated over a period in a linear sys-

tem, the expression for which is transformed to the form [6] 

   lin 2

x,r x,r eq x,rw 2 a , ,s a c a , ,s      

when 

 n eq x,rc a , ,s




 
  – kinematic excitation frequency; eqc  – 

dynamic stiffness (13) the amount of energy dissipated in the linearized 

OD with the DS parts (16), we obtain for the equivalent coefficient of 

relative attenuation the expression 

 
 x,r 2

x,r eq x,r

w
a , ,s

2 a c a , ,s
 

 


 .   (18) 

Otherwise, this coefficient can be obtained using the formula [6]

 
 

s

f ,d

x ,r

x ,r eq x ,r

a
a , ,s

2 a c a , ,s
 

 
 ,    (19) 

in which the dissipative component of the positional force s

f ,da  is 

located at (9). 

The nature of the change in surfaces in the ranges of change in 

the ratio 0..20   and amplitudes x,ra 0..2   indicates a fun-

damentally different effect of tension on the relative attenuation 

coefficient   (Fig. 22). 

Difference in amplitude dependences of the relative attenuation 

coefficient on some relations   and limiting tension values s  due to 

different changes in dynamic stiffness (Fig. 17, Fig. 23). 
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Fig. 22. Dependence of coefficient surfaces   

from the amplitude 
x,rа  and ratio   at the excitation frequency 

1   at tension values s : 1 s 0   и 2 s 0,5  ; 

3  – plane of zero damping at 0    

4   maximum level lim lim


 


 
2

0,6366

   

  

    a       b 

Fig. 23. Amplitude dependence of the coefficient at the excitation frequency 

1  : а – at tension s 0;  

 b – at s 0,5 ; 1 0; 2 0,6;    

3 1; 4 2;5 4; 6 10;7 1E 20                

Laws of change of the coefficient of relative attenuation 

 x,ra , ,s   in the Fig. 22, Fig. 23а and Fig. 23b differ significant-

ly If at s 0  (Fig. 22, Fig. 23а) the amplitude dependence is de-

creasing   in the range of relations 0..20   we can neglect it 

and accept for it the expression (19), the analytical limit of which is 

x ,r 0

lim

a




 cannot be obtained, although the dependence graphs 

 x,ra  (Fig. 22, plane 1; Fig. 23а), build possible, avoiding mean-

ing x ,ra 0 . 

However, even with a very small deviation s  from zero in the 

direction of increase, the curves of the coefficient  for the same   

become increasing from zero and approximately twice as small at 

each amplitude x,ra . Moreover, the curves in Fig. 23b, obtained by 

sectioning the surface 2 by vertical planes const  (Fig. 22) at any

  do not depend on the value s . 

To obtain a simple expression  ,    for the dependence of 

the relative attenuation coefficient on the mass ratio   and excita-

tion frequency  under tension s 0  we calculate a series of values 

  with amplitude x,ra 1E 10    (Table 1). 

Table 1. 

Values of the relative attenuation coefficient   

as a function of the ratio   at s 0  the excitation frequency 1   

(diamonds in Fig. 24) 


 

0 1 2 3 4 5 6 7 8 9 10 



 

0 0,1

59 

0,2

55 

0,3

18 

0,3

64 

0,3

98 

0,4

24 

0,4

46 

0,4

63 

0,4

77 

0,4

90 

Continuation of Table 1 


 

11 12 13 14 15 16 17 18 19 20    


 

0,5

00 

0,5

09 

0,5

17 

0,5

24 

0,5

31 

0,5

36 

0,5

41 

0,5

46 

0,5

50 

0,5

54 

0,63

66 

Approximating the data in Table 1 with a nonlinear function  : 

2 k

k 1




 
 


,     (20) 

we will receive 
1

k
3

   

In two limits the coefficient  has values 
lim

0
0





  и  

lim 2
0,6366





   (Fig. 24 pos.4). 

 

 
Fig. 24. Dependence of the coefficient  on the ratio   at tension

s 0  at the excitation frequency 1  :  

1  numerical values   at amplitude x,ra 1E 10  ; 

2 approximation of these values; 3 limit analytical dependence 

  for SA with DS of pneumatic element parts and solid deformable 

bodies [6]; 4   limit value 

 lim 2
0,6366





   

From a similar expression for the SA with the DS of parts of 

elastic elements [6], 

x ,r

x ,r

lim
a 0

m 1

2

1




 




 


    , (20) 

for OD with DS it differs by a multiplier k 0,333 , shifting curve 2 

downwards, but the limiting values of the coefficient   at    

coincide (Fig. 24), i.e. in both cases  

lim 2
0,6366





  . 

Regardless of the amplitude, x,ra  reducing the tension s  to zero 

with a simultaneous increase in the ratio   to infinity changes the 

coefficient   at the resonant frequency 1   of the limit 
2


 (Fig. 

25). 

  
    a       b 

Fig. 25. а – Dependence of the coefficient   on the ratio   at 

tension s  at the excitation frequency 1  :  

x,r x,r1 a 1; 2 a 2    ; 

b – Dependence of the coefficient   on the amplitude x,ra :

1 s 1E 10; 2 s 1E 5; 3 s 1E 4; 4 s 0,01; 5 s 0,1;            

 

6 s 0,3;7 s 0,5; 8 s 0      . 

2.3. Frequency characteristics of the relative attenuation 

coefficient 

Equation of motion of an object (Fig. 1) when a non-

conservative positional force acts on it  pos rf x , ,s , determined by 

formulas (4) and (5), is written in the form 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

337 YEAR XIX, ISSUE 9 , P.P. 332-338 (2025)



 

 

 

d d

d ,0 d r 22

r

1 l k s
ax c c x 1

x 1





 
     

 
  

=0,     (21) 

when a m  – coefficient of inertia, d ,0c  – dimensional rigidity of 

the deformable part in a state of static equilibrium. 

Replacing in (21) the positional force its harmonically linea-

rized approximation [5], we obtain 

 c s

r d ,0 f ,d f ,dax c a a y     .     (22)  

Let us transform (22) to the form [6] 

   r
r d ,0 eq x,r eq x,r r

n

x
ax c a , c a , ,s x ay  



 
    

 
,   (23) 

in which the damping coefficient  eq x,ra ,   (14) does not depend 

on tension s . 

Using the system's own time  n x,ra , ,s t     the derivatives 

included in (23) are written in the form 

   

 

2 2

r n x,r r r n x,r r

2 2

n x,r

x a , ,s x ; x a , ,s x ;

y a , ,s y .

    

  

  


 

Substituting them into (23), we obtain it in the form 

 r x,r r rx 2 a , ,s x x y       ,     (24) 

in which the relative attenuation coefficient  x,ra , ,s   is deter-

mined by (17) or (18). 

Having found from the equation for the frequency response

 
   

r

2
x,r

x y 2
2 2 20

x,r

a
W

y
1 4 a , ,s




   
  

 

, 

obtained from (24), the amplitude and substituting it into (18), we 

obtain the frequency characteristics of the relative attenuation coef-

ficient (Fig. 26) (solid curves). 

 
Fig. 26. Frequency characteristics of the relative attenuation coef-

ficient of the OD with the DS parts: 

1 0,4; 2 1; 3 2;        4 4; 5 10; 6         

Approximate characteristics are constructed according to (20) 

(dashed curves). 

 

Discussion of results 
1. Unlike the SA with DS, investigated earlier, in the Duffing-type 

oscillator with discrete commutation of its parts, the resulting shift of the 

equilibrium state does not coincide with the change in the initial length of 

the deformable part. The inequality of these quantities depends on the 

value of the initial tension of the viscoelastic element and becomes equal 

to zero with its increase. The tension increases the potential component of 

the positional force, but does not affect its dissipative component. This is 

due to the fact that the amount of energy dissipated during the period does 

not depend on this tension. An increase in the dynamic rigidity and a 

decrease in the equivalent coefficient of inelastic resistance, occurring 

with an increase in tension, result in a decrease in the relative attenuation 

coefficient. However, with an increase in the mass ratio, this decrease 

tends to zero.  

2. The almost linear dependence of the shift of the static equilibrium 

state on the oscillation amplitude leads to a quadratic dependence of the 

amount of dissipated energy on it. The nonlinear dependence of the static 

equilibrium displacement on the mass ratio of the parts causes the appear-

ance of maxima of the amount of dissipated energy depending on this 

ratio at a specific amplitude of relative oscillations. 

3. With a horizontal arrangement of the viscoelastic element, its four-

fold DS turns into a two-fold one. The change in the length of the deform-

able part coincides with a similar value [6], and the difference between it 

and the displacement of the static equilibrium state disappears. 

4. The considered dynamic model of the OD with the DS of the vis-

coelastic element can be used in constructing models of the MS type of 

Duffing two- and four-chamber pneumatic elements with the DS of their 

parts. Intensification of the processes of flow and mixing of gases of the 

parts will also lead to an increase in the dissipative properties of such SA. 

 

Conclusion 
1. Fourfold discrete switching of the deformable and accumu-

lating parts of the viscoelastic element in the Duffing oscillator in 

states of static equilibrium and in amplitude positions creates a 

periodic change in the initial length of this element, as a conse-

quence, a shift in the state of equilibrium, giving the system non-

conservative properties, allowing one to obtain a value of the rela-

tive attenuation coefficient in the resonance zone close to the limit-

ing value. 
2


 in the range of the mass ratio of the parts 4..10 . 

2. The hyperbolic type of frequency characteristics of the rela-

tive attenuation coefficient is due to the frequency independence of 

the amount of energy dissipated over a period. This type is in satis-

factory agreement with the bell-shaped nature of the change in 

amplitude-frequency characteristics. 

3. Zero initial tension of the viscoelastic element allows one to 

obtain an amplitude-independent expression for the tangent of the 

angle of mechanical losses and, thanks to this, to construct a simple 

engineering technique for selecting the main parameters. 

4. Positive tension of the viscoelastic element, increasing the 

dynamic rigidity and decreasing the equivalent coefficient of visc-

ous friction, reduces the relative attenuation coefficient, giving it a 

virtually linear dependence on the amplitude, regardless of the ratio 

of the masses of the parts. 
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