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Abstract. The problem of damping vibrations of a mechanical system 

under seismic influences is considered. The construction of a mathematical 

model of the motion of a mechanical system with kinematic excitation of 

vibrations and simultaneous operation of a reactive damper is given. 

Transformations of differential equations of motion based on disturbing 

forces from a seismogram and damping action are shown. It is assumed that 

the jet extinguisher works constantly, changing the direction of the pulse 

depending on the sign of the speed of movement of the unit of its installation. 

The solution of the system of differential equations of motion is given. These 

transformations help to model more clearly the task of damping vibrations 

of mechanical systems during seismic disturbances 

1 Introduction 

Improving and creating ways to protect buildings and structures from collapse is an urgent 

task of their calculation and design. One of the most effective methods of combating the 

dynamic development of movements of elements of structures, which has been widely used 

in construction practice in recent years, is damping or damping of vibrations. 

Vibration damping of mechanical systems can be achieved in various ways: using 

composite polymer materials [1], friction vibration dampers [2], roller systems [3], new 

technological solutions [4], etc. Currently, various types of vibration dampers have been 

developed and optimized, of which the most common are Tuned Mass-Damper [5-7], Tuned 

Mass Column Damper [8, 9], used mainly for high-rise buildings. In the works [10-12], new 

original methods of damping vibrations of various structures and calculation methods were 

considered, in particular, a tape-cable system with a one-way hydraulic cylinder.  

In some cases, seismic insulation of building foundations is used. For example, [13] 

provides a study of the behavior of a seismic isolation system using lead-core rubber-metal 

supports for various earthquake accelerograms using the ETABS software package according 

to UBS-97 standards and software developed specifically for this study in Excel. 

When developing vibration dampers, it is extremely important to understand the 

processes of formation of weakened zones in the structural system of buildings under various 

extreme influences.  

In the works [14-19] the operation of reactive dampers under seismic loads was analyzed. 

At the same time, direct step methods were used to solve the initial systems of equations of 
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motion. This study examines the methodology for constructing and simplifying a system of 

differential equations of motion with kinematic excitation of vibrations and simultaneous 

operation of a reactive damper. 

2 Subject, methods and materials 

Let's consider the mathematical model of a "Dampener structure" in the conditions of 

disturbing effects of a seismic nature. We will assume that the elastic characteristics of the 

structure are determined by the stiffness matrix, and the inertial properties are determined by 

the diagonal (nodal) mass matrix. The extinguisher must create alternating impulses 

=  
i i
S R t

                               (1) 

obstructing the oscillatory movements of a building or structure. The main component of the 

control pulse will be the reactive force of the gas jet escaping from the nozzle of the 

extinguisher under high pressure. The reactive force from the burning fuel is determined by 

the known ratio:     

= 
i e

dm
R V

dt                                                                                   (2) 

Here is the rate of ejection of the gas jet, – the rate of consumption of the mass of fuel. 

The disturbing effect on the mechanical system will be created by the movement of the 

support nodes according to the earthquake seismogram, i.e. using kinematic perturbation 

(Fig. 1). 

 

Fig. 1. Earthquake seismogram along one of the geometric axes 

For a construction unit with an attached reactive extinguisher, the FEM equation of 

motion will take the form: 

=

+ + = 
1

( )
n

i i i ij j i e i
j

M m u k u P v m
                                                        (3) 

where mi – is the variable mass of the reactive extinguisher. 

In this case, the mass matrices and the vector of external loads have the 

form                                

+
 = + 1 2 ,

. . . . . . ,
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   (4) 

E3S Web of Conferences 549, 01006 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454901006

2

RETRACTED



+
 = − 
 1 2 , ,

. . . ( ) ( ) . . . .
T

i e i t t i t n
P P P P V m m t P

 (5) 

The main characteristics of the reactive damper, which ensure effective vibration 

damping, are: 

− location on the building; 

− jet ejection velocity gas

e
V , m/s; 

− the rate of change in the mass of the combustible liquid m ; 

− jet jet ejection time per turn on gasT , m/s; 

− the value of the maximum permissible relative deviation of the points of the protected 

mechanical system δmax, m. 

We will consider the extinguisher as a block of two oppositely directed reactive batteries. 

The extinguisher is activated either when the controlled relative displacement of a node 

reaches the value of δmax, or it works constantly, changing the direction of the pulse 

depending on the sign of the velocity. I.e., the direction of the reactive force of the 

extinguisher is determined by the direction of the relative velocity vector of the control node 

and is directed opposite to it. 

Let's assume the rate of gas outflow from the extinguisher nozzle to be constant: 

=gas

e
V const

                                                                               (6) 

and the law of change in the mass of the combustible liquid in the form of a decreasing 

function:  

−=
0
(1 )tm m

                                                                  (7) 

Here   – is the coefficient, dimension 
−1c . 

         In this case, the product gas

e i
V m  will be a constant, and equation (3) can be 

rewritten relative to a new coordinate system - the equilibrium position of the mechanical 

system, determined by a vector 
i
P . Counting the movements 

i
w  from this position, we 

obtain a differential equation of equilibrium in the form: 

=

+ + = 
1

( )
n

gas

i i i ij j e i
j

M m w k w V m
     (8) 

The equation of motion of the entire mechanical system relative to the specified equilibrium 

position will have the form 

+ =MW KW R                    (9) 

Here −
j

w are the movements of the nodes of the mechanical system, including the support 

nodes moving along the earthquake seismogram; −R the vector of control damping effects: 

 = 0 0 ... 0 0 ... 0
T

i
R R      (10) 

Under the condition of constant braking action 

 = 0 0 ... 0 0 ... 0
T

i
R H      (11) 
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where 

= − ( )
i i

H R sign w       (12) 

the following sign rule applies: 

               
=1sign

if 
 0,

i
w

      (13) 

                 and    
= −1sign

 if 
 0.

i
w

                    (14) 

Let's introduce another notation: 

                         

−= 1V W K R
      (15) 

Considering that the last term in (15) is a set of constants, differentiating expression (15) 

in time gives: 

=V W                                               (16) 

In this case, equation (9) takes the form: 

                + = 0MV KV                                                          (17) 

Let the last m displacements of the system of equations describe the movement of the 

supports using the functions 

             
− −1

, , ...
n n n m
f f f       (18) 

Then, discarding the last m lines with known displacements from (17), we obtain a 

resolving system of n-m equations of the form: 

       
− − − −

+ = −  −  − − 0 0 0 0

1 1
...

n n n n n m n m
M V K V k f k f k f                              

(19) 

where 
− −

−
1

, , ...
n n n m
k k k the cropped columns of the original stiffness matrix , (see (17)), 

n -are the total number of displacements. 

3 Results and discussion 

The earthquake seismogram (Fig.1) can be conditionally divided into sections and 

approximated as a set of harmonic disturbances. With harmonic excitation of vibrations   

=  sin( )
i i
f b t

                                                                                     (20) 

the seismic load vector will look like        

         = −

=    sin( )
n

sei i i
i n m

P k b t
                                                                       (21) 

Here −
i
b are the specified amplitudes, and here  - is the frequency of seismic 

disturbances. And equation (19) will take the form: 

    + =0 0 0 0

sei
M V K V P                                                                               (22) 
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The solution of equation (22) will take the form: 

 
−= − 0 0 2 0 1( )

sei
V K M P                                                                   (23) 

When the supports move along the seismogram, equation (19) is solved by one of the 

direct methods (Newmark, central differences, Wilson, the method of offset differences). The 

final displacement vector will look like: 

−=  +0 1 0,U V K R U
        (24) 

where the vector 
0U corresponds to the static solution of the equation 

=0KU P
                       (25) 

After the end of seismic disturbances, the problem of determining displacements is 

reduced to a homogeneous differential equation 

+ =0 0 0 0 0M V K V
                       (26) 

which, in addition to the numerical solution, has a well-known analytical solution. Taking 

into account (15), this analytical solution will take the form:  

     
−

=

= +  + 
1 0

1

sin( )
n

k k k k ik
k

V K R A t V                          (27) 

where 0

ik
V - are the vectors of the natural forms of oscillations, ,

k k
A - are the integration 

constants. 

The oscillation graph takes the form of a linear damped sinusoid (see Fig.2). 

 

 

Fig. 2. Attenuation of oscillations after the end of seismic disturbances 

4 Financing 

The work is realized in the framework of the RSF support according to the research project 

№ 23-29-00653 «Development of methods for damping vibrations of dome-forming and 

rectangular frames of buildings and structures». 
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