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Abstract: - This paper present a numerical method of reducing the amplitude of the vibrations at the base 
due to vibrations produced by inertial forces in the case of mechanical equipment with adaptive systems 
feedback on adaptive algorithms. The basic idea is to introduce a new linear component, a controlled 
disturbing force, produced by a linear actuator or an electrodynamic shakers. Signal analysis, which 
determines the response of a SDOF system under known excitation and a controlled disturbing force 
presents it in a convenient form. The proposed method in this study is based on real-time measurement of 
displacement relative to the ground. We present the case of the subcritical damping, highlighting the 
variation of the time shift for the considered parameters. Finally, the effect of active control over SDOF 
system, the variation of displacements is compared. 
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1. INTRODUCTION 
 

In order to put into practice the method proposed 
in this study, it was taken into account a Voigt-Kelvin 
viscoelastic damping model. The SDOF system is 
under the action of an inertial force and a controlled 
disturbing force produced by a linear actuator or an 
electrodynamic exciter. It presents a method for 
finding necessary coefficients of adjustment for 
active control in case of subcritical damping. 

Usually, the market there are a variety of control 
boards with analog control, which have different 
costs depending on the operating speed and the 
number of feedback loop (active loops).  

Typically, there are a variety of control boards on 
the market, which have different costs depending on 
the speed of operation and the number of reaction 
loops (active loops). With this you can control a 
certain parameter or simultaneously several 
parameters with a relation between them. 

In order to reduce costs, digital control loops can 
also be used through LabView or Matlab computing 
and analysis programs. The method used in this paper 
is a numerical one, put into practice by the Matlab 
program, but it can be applied in practice if the 
required actuator is ordered from the software via a 
control board. 

A realistic single degree of freedom (SDOF) plant 
with friction are studied by Zuo et al. [1]. Paulitsch et 
al. [2] design of an electrodynamic, inertial actuator 
for active vibration control of a lightweight damped 
panel with a collocated force actuator and velocity 
sensor device.  

The most important methods of implementation 
for active vibration control with non-adaptive and 
adaptive systems describes by Miljković [3]. The 

development of a four-degree-of-freedom car and 
seat model by Malowicki and Leo [4] where 
numerical simulations estimate the force and 
displacement requirements for active vibration 
isolation. Rao [5] discuss single-degree-of-freedom 
system and use an active control system to control the 
vibration of the mass and active control of a system 
with rotating unbalance model. Bratu [6-7] presents a 
range of studies for base isolation using rheological 
models with dynamic, cinematic and hysterical 
action. Algorithms applied for extraction of isolated 
frequencies, from Ntakpe et al. [8], are based on 
interpolation or curve fitting, data involved being the 
frequency indicated on the spectral bins and the 
associated amplitudes. 
 
2. DYNAMIC SYSTEM ANALYSIS 
 

It is considered the Kelvin-Voigt model from 
Figure 1, with known parameters of the system k ,     
m , c , under the dynamic action with a known 

inertial force   2
0 sinF t m r t  , at which 0m r  is 

static moment of eccentric masses 0 2m  which rotate 
synchronously in phase opposition, on the circular 
trajectory of radius r  and harmonic parameters of 
angular frequency  , are known. 

For the force excitation with variable amplitude, 
the maximum force is the resultant of rotating forces 
excitation depending on the angular frequency   
directly proportional to the square of its, denoted by 

   2 2 2
0 0 02 2m r m r m r    , as a centrifugal 

inertia force. It is subject to attention a disruptive 
force control would also need to interact to reduce the 
amplitude of vibration system. To make the control of 
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the system, it comes with an additional control force 
as    sinc c c cF t P t    produced by a linear 

actuator or an electrodynamic shaker (LA / ES). It will 
be considered  F t  and  cF t  forces with the same 

line of action at baseline and have the same direction. 
The basic issue is to identify control parameters cP , 

c  and c  that define the function of force control. 
 

 
 

Figure 1. SDOF system with active control 

 
It is considered that force control may be 

sinusoidal harmonic variations, where the size of the 
force amplitude control cP  is directly proportional to 
the voltage (in volts) of supplying the actuator or 
shaker. Each parameter control has a limited range of 
adjustment, according to the type and capacity of     
LA / ES.  

Control loop can be done with a transducer for 
measures the total displacement of a moving mass m  
from the ground. The control unit takes over the 
signal recorded on the basis of the size of 
displacement  x t , corrects the voltage waveform 

 E x , depending on the parameters c , c  and cP . 

The question arises, to find correlation control 
coefficients by inertial force and identify 
relationships connecting the loops control reports 
required parameters of inertial force and force 
control, obtaining an optimal result in a short time. 

To solve this connection between the Kelvin-
Voigt system's response to an inertial force and a 
force control system for a linear viscoelastic 
damping, for forced vibration it is considered 
analytical equation of the form [5-7]: 
 

 2
0 sin sinc c cmx cx kx m r t P t            (1) 

where, with the “c” index are control parameters of 
the LA / ES; 

  2
0 0F m r   and cP  - the force amplitudes (N); 

 , c  - angular frequency ( 1s );   , c  - phase 
angle (radian) 

In previous relation, by dividing the mass m  and 

by noting 2
0mF m r m  and m cP P m , we 

obtain: 
 

 sin sinm m c c
c k

x x x F t P t
m m

          (2) 

 
For this differential equation, the considered 

solution on general form: 
 

1 2x x x                             (3) 
 
where  1x  is the solution of stationary system, 
without excitation; 

 2x  is the particular solution for composed 
excitation forces. 

For a stationary equation of the form 
 

0
c k

x x x
m m

                         (4) 

 
the final solution is 
 

 1 1 1 1sinntx e X p t     or  

 2 2
1 1 1sinntx e X t p n               (5) 

 

where we note 2c m n , 2p k m , 

2
1,0 1,02

1 1,0
1

V nx
X x

p

 
   

 
 and 

1 1,0
1

1,0 1,0

tan
p x

V nx
 


 

For those parameters k , m , c  of the system, 
considering further amortization regime, in case of 

subcritical damping, for 2 2 0n p   or
2 2 2

1 0p n p   . 
For the right member of equation (2), in order to 

find particular solution 2x , it is necessary to 
beginning composing the two vibrations 

   sin sinm m c c TF t P t F t     . Assuming that 

the angular frequency values of   and r  are 
different, the total force produced by the two forces 
are 

2sin
2

c
TF A t

 


   
 

              (6) 
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where  2 2 2 cosm m m m c cA F P F P t          

and 

2

sin sin
2 2

tan
cos cos

2 2

c c
m m c

c c
m m c

F t P t

F t P t

   


   

        
   

        
   

 

The following values were used:  

0 0,2m r Kg m  , 300cP N , 150 s  , 
130c s  , 0c   , 25m Kg , 

49 10k N m  , 24 10c Ns m  ,  

with initial conditions 1,0 0.002x m  and 

1,0 0.001V m s .  

For the composed force from equation (6) Figure 2 
show force variation versus time and and frequency 
(single-sided amplitude spectrum). 

Using the right member of the amount obtained in 
(6), the differential equation (2) can be written as: 

T
c k

x x x F
m m

     

or    

  2sin 2c
c k

x x x A t
m m

              (7) 

 

 
a) 

 
b) 

Figure 2. The excitation forces and result of their 
composing TF : (a) time representation;  (b) frequency 

representation 

If we denote,   2m c     and 

 2 2mt t     then the differential equation (2) 

can be written as: 
 

 2sin
c k

x x x A t
m m

                  (8) 

 
For the right member of equation (8) particular 

solution of the equation, on composed forces we 
obtain: 

 

       
   

2 2 2 2 2

2 2 2

sin cos

cos

x A t t B t t

X t t

 

 

 

    
      (9) 

 

where:    
 

 

2 2

2 22 2 2 24

m

m m

A p
A t

p n



 




 
,  

               
 

2 22 2 2 2

2

4

m

m m

n
B t

p n



 




 
,  

                2 2
2 2 2X t A B   and 2

2
2

tan
B

A
   

In conclusion, taking into account the non-
homogeneous equation (2) and form the general 
solution of the equation (3) we obtain: 

 

   
 

2 2
1 1

2 2 2

sin

sin

ntx t e X t p n

X t



 

    

    

      (10) 

 
The graphic results on Fig. 3, shown amplitude 

displacement in meters and time in seconds, are for 

case of subcritical damping, when 2 2 0n p  . 
 

 
Figure 3. Solution of the stationary equation without 

excitation,  1x t   
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Figure 4. Solution of the particular equation with 

composed force,  2x t  

 

 
 

Figure 5. General solution of displacement,  x t  

 
 
3. MINIMUM FUNCTION METHOD 
 

Control loop and response is considering adjusting 
the control force    sinc c c cF t P t   , by 

parameters cP , c  and c  which can be adjusted 
using an linear actuator or electrodynamic shaker. 
Depending on the known parameters of the system    
k , m , c  by known inertial force and imposed initial 
conditions 1,0x  and 1,0V , we can define a function g  

of the type 

   min 1 2, , , minc c c cg P t x x            (11) 

where 1x  and 2x  are the solutions, taking into 
account equations (2) and (10). 

For effective control and maximum reduction in 
amplitude of the mass m , from a theoretical point of 
view the solution can be 0g  . 

In the case where the function  min , , ,c c c cg P t   

it is not canceled due to restrictions of the control 
system (permissible maximum force control, speed 
control, etc.) will search , ,c c cP    at the time ct  
parameters when the function has the minimum 
value. Therefore, the problem becomes a complex 

problem for the identification of extreme on real 
functions of several real variables, an array in 4 sizes. 
If we are known the finite intervals (min; max) of 
control parameters , , ,c c c cP t  , can determine a 

solutions of ming . 
 
4. RESULT AND CONCLUSION 
 

The minimum value of this function from equation 
(11) can easily identify with normal operations in 
Matlab, on finding the minimum of a 4D matrix. Once 
with finding the minimum value, which corresponds 
to total displacement, defined by the relationship (11) 
can easily identify the index and coefficients that 
define the minimum value of the amplitude of 
displacement and that the combination of values of 
control parameters where it was found the number, 
we can note minP , min , min  and mint . 

For analysis and the search for the necessary 
control values were considered the following ranges 

of reference:  0...1000cP N ,   1300...300c s  

 2 ...2c radian    , and  0...5ct s . 

 

 
Figure 6. Minimum function values ming   

depending of c  and cP  

 

 
Figure 7. Minimum function values ming   

depending of .c  and cP  

 

0 0.5 1 1.5 2 2.5 3

t

-3

-2

-1

0

1

2

3
10-3

0 0.5 1 1.5 2 2.5 3

t

-3

-2

-1

0

1

2

3

4

5
10-3

0

0.01

200 1000

0.02

800

t
min

=4.14 s and 
min

=-4.13 rad

0.03

c
 (s-1)

0 600

P
c
(N)

0.04

400
-200 200

0

0
10

1

1000

2

10-4

800

t
min

=4.14 s and 
min

=264 s-1

3

c
 (rad)

0 600

P
c
(N)

4

400
200

-10 0



 

RJAV vol XIV issue 1/2017                                          58                                                        ISSN 1584-7284 

The minimum value found in this situation, on 

subcritical damping is 12
min 6.67 10g m  . The 

corresponding control values obtained in this case are 

min 747P N  1
min 264 s  , min 4.13radian    

on min 4.14st  . Representing of ming  function, 

according to the control parameters , , ,c c c cP t   is 
shown in Figure 6-9, in four combinations of 
variables. 
 

 
Figure 8. Minimum function values ming   

depending of .c  and c  

 

 
Figure 9. Minimum function values ming   

depending of t  and cP  

 
In Figure 10, we can notice that this minimum 

function method is effective adjustment coefficients 
for studied case of subcritical damping and presents 
the effect on the amplitude of displacement variation, 
with and without control. 

As has been previously demonstrated, function 
 min , , ,c c c cg P t   is time-dependent, which means 

that if time has a minimum value, 0ct   is viewed 
as read range of displacement (range of read / 
sampling rate) of  x t  and the control coefficients 

adjustment is in real time and can say that is a way for 
active control.  

The results obtained by this method can be applied 
by means of the control software used in the real tests. 
 

 
Figure 10. Minimum function method effect on the 

amplitude of displacement variation; results with and 
without control 
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