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Abstract—Dynamic vibration absorbers of indicator type are analyzed. In such absorbers direct 
interaction between object and absorber is absent. It is shown that such absorbers are effective even for 
simple controllers. For analyze the linear matrix inequalities are used. Dynamic vibration absorbers of 
indicator type are analyzed. Their positive feature is that there is no need to change the design of the main 
device because of in such absorbers direct interaction between object and absorber is absent. It is shown 
that using proposed formulas for parameters of controller we can obtain effective absorber with simple 
controller. For analyze the linear matrix inequalities are also used. The problem is analyzed as -H synthesis 
problem. It is shown that using linear matrix inequalities we can also obtain very effective absorber. 

Index Terms—Dynamic vibration absorber; controller; linear matrix inequalities. 

I.  INTRODUCTION 

Dynamic vibration absorbers (DVA) are an 
effective means of reducing the impact of external 
disturbances on the devices. The disadvantage of the 
classic DVA is direct contact of the object and the 
absorbers. This requires changing the design of the 
device, increasing its size. For miniature devices this 
approach is often technically impossible. In articles 
[1], [2] are considered the analysis and synthesis of 
active indicator DVA, where there is no direct 
interaction between object and absorbers. The 
scheme of such DVA is shown in Fig. 1. 

 
Fig. 1. Indicator dynamic vibration absorber 

We assume that the plant has moving mass 1, 
angle sensor 2 and torque sensor 3. On the axis 
parallel to the axis of the plant, set the absorbers, 
which also has a moving mass 4, angle sensor 5 and 
torque sensor 6. The sensors output signals are 
compared 7 and submitted by controllers 8, 9 to the 
torque sensors. 

In this scheme, there is no mechanical interaction 
of moving masses, that is, the implementation of the 
scheme does not require modification of the plant. In 
such absorbers the moving mass of absorbers is, in 
fact, the only indicator of the movement of plant 
mass. This is what explains the name of the 
absorbers. 

II.  PROBLEM STATEMENT 
In classical DVA the moments acting on the 

moving masses of the plant and the absorber are equal 
in magnitude and opposite in direction. In the 
scheme, they can be different. This is ensured by 
proper choice of the laws of control. Consider the 
effectiveness of such absorber synthesized by given 
in articles [1], [2] method, and in the case of theory of 
linear matrix inequalities (LMN) using [3]. 

III.  PROBLEM SOLUTION 
Consider DVA as a system of automatic control. 

To Figure 1 correspond equations 
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Rewrite these equations in the form  
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The optimal parameters of DVA are [2] 
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value of relative transfer factor of DVA. 
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 . We see that optimal parameters 

are functions only one parameter  . 
In Figure 2 are represented relations 0( / )n   for 

three values of parameter  . Note, that for classical 
DVA with optimal parameters for 0,1q   we have 

4.58mk  .  

 
Fig. 2.  Relations 0( / )n   

The effectiveness of DVA is specified not mass 
ratio q , as in classical DVA, but by the parameter 

2q   . Therefore increasing the parameter 2  we 
can obtain effective DVA even for little mass of 
absorber. 

Now fulfill the controller synthesis using linear 
matrix inequalities for standard form system (Fig. 3) 
with equations 
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Write equations of motion in the form  
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Fig. 3. Standard form of closed-loop system 

Specify new variables 1 1 2 2 3 1; ; ;x x x       

4 2x   . As control signal assume 1 2y     and as 
output signal assume 1z   . 
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In standard form we can write  
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Assume this problem as H -synthesis problem. 

The H-   norm of transfer function 1( )
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x s
w s

 will be 

less than number   if and only if there exist a 

symmetric matrix Q  such that the following LMIs 
are satisfied 

T T
1

T

2
1

T

0 0,
0

0.

CL CL CL

CL

A Q QA B QC
B I
C Q I

Q Q

 
   
  

 

 

For analysis will use Matlab function “hinflmi”. 
To obtain the minimal value of parameter   ifs value 
was not preliminary specified. For calculations was 
assumed 0.1;q   1

0 10sn  . The equations of 
controller were found and after this the transfer 
functions of controller and the DVA relative transfer 
function were found.  

Using transfer functions of controller 1( ),KW s  

2 ( )KW s  we can write the DVA equations  
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Dynamic vibration absorbers transfer function  
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and relative transfer function. 
As result were obtained such transfer functions of 

controller 
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In Figure 4 the relations 0( / )n   when LMI 
theory was used (line 1) and optimal parameters (4) 
for 50   were used (line 2) are shown.  

We see that DVA of indicator type is effective 
even when using simple controller. This is because in 
this DVA control signals acting on the object and the 
moving mass of absorber are different. 

IV. CONCLUSION 

Dynamic vibration absorbers of indicator type are 
an effective means of reducing the impact of external 
disturbances on the devices. Their positive feature is 
that there is no need to change the design of the main 

device. Such DVA are very effective even for simple 
controllers. 

 
Fig. 4. Relations 0( / )n   
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Л. М. Рижков. Синтез системи керування індикаторних динамічних гасників коливань 
Проаналізовано динамічні гасники коливань індикаторного типу. Перевага таких гасників полягає у відсутності 
прямої взаємодії між об’єктом та гасником. Показано, що використовуючи запропоновані формули для пара-
метрів контролера можна отримати ефективний гасник з простим контролером. Для аналізу використовуються 
також лінійні матричні нерівності. Задачу проаналізовано як задачу H -синтезу. Показано, що використовуючи 
лінійні матричні нерівності також можна отримати дуже ефективні гасники. 
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Л. М. Рыжков. Синтез системы управления индикаторных динамических гасителей колебаний 
Проанализированы динамические гасители колебаний индикаторного типа. Преимущество таких гасителей 
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