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Abstract - Research on Active Vibration Control System (AVCS) is being carried out to reduce structural vibrations caused by 

unwanted vibrations in many application areas such as in space, aircraft structures, satellites, automobiles and civil structures 

(bridges), particularly at low frequencies. In this paper; we have discussed Active Vibration Control technique by using open loop 

control system. Result from ANSYS and experimental results from FFT analyzer were compared. The experimental results are 

presented for the cantilever beam excited at one of its natural frequency using active vibration control system. For open loop control 

system, less reduction were observed and the reasons were discussed for it. 
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INTRODUCTION 

           Vibration control of flexible structures is an important issue in many engineering applications, especially for the precise 

operation performances in aerospace systems, satellites, flexible manipulators, etc. When a structure is undergoing some form of 

vibration, there are a number of ways in which this vibration can be controlled. Passive control involves some form of structural 

augmentation or redesign, often including the use of springs and dampers, which leads to a reduction in the vibration. Active control 

augments the structure with sensors, actuators and some form of electronic control system, which specifically aim to reduce the 

measured vibration levels. Among the many materials, piezoelectric and shape memory alloys are most suitable for active control of 

the development of smart composite structures. They are able to generate a relatively large deformation. Piezoelectric materials like 

(lead-Zirconium-Titanate) can be used effectively in the development of smart systems. The proposed work is to study the irrational 

characteristics of cantilever beam with surface bonded PZT, particularly to control the vibration. 

Concept of active vibration control 

In AVC technique we are providing a 180 degree out of phase vibration signals to the beam by using actuators to cancel out the 

excitation vibration signals as shown in fig.1 

 

Fig. 1. Principle of active vibration control [9] 
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OPEN LOOP CONTROL SYSTEM 

In open loop control system, the main components are  

1. Cantilever beam 

2. Exciter( electrodynamic shaker) 

3. Actuator(PZT patch) 

The excitation to the cantilever beam is provided by the exciter at the fixed end. The PZT patch is bonded on the beam near the fixed 

end as shown in fig.2 

 

Fig.2 Block diagram of open loop control system. 

Now the PZT patch is actuated using function generator. The actuation signal from the function generator was fed to the cantilever 

beam due to which the reduction in amplitude of vibration of beam was observed. 

 The positions of actuators have a critical influence on the natural frequencies of smart structures. For maximum effectiveness 

the actuators must be placed in high strain regions and away from areas of low strains [5]. 

 

 

Fig. 3 mounting of beam on shaker 

 

Fig.4 Experimental setup along with function generator 

 

 

PZT patch 

PZT Actuator 
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Table-1 Material Properties and Dimensions of beam 

Dimensions/Properties  Stainless steel 

Length (m) l 0.34 

Width (m) b 0.029 

Thickness (m) t 0.002 

Young’s modulus (GPa) E 200 

Density (kg/m
3
) ρ 8000 

ANALYSIS IN ANSYS 

 
The beam is analyzed in ANSYS [4]. Beam has given excitation at one end to get the deformation and stresses in the beam. fig.5 

 

 
Fig.5 Before control deformation in beam 

Now the actuating force has been given to the beam from opposite direction and again deformation and stresses in the beam is 

observed. Fig.6 

 

Fig.6 After control deformation in beam 

ANALYSIS IN FFT 

Tri-axial (X,Y,Z) accelerometer is used for analysis. Accelerometer is placed in such a way that X-axis denotes displacement of beam. 

Displacement Vs Time graph is observed in FFT 
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Fig 7.Displacement before control 

Then the PZT patch is actuated and results are observed. 

 

Fig 8.Displacement after control 

In Fig.7&8, Input2 (t) indicates displacement in X direction. 

Before control, we got displacement of 7.269 mm neglecting first peak value. After control, displacement of 6.895 mm is observed. 

VIBRATION TEST REPORT 

 

Fig 9. Control channel graph. 

The following report is generated by shaker system. Amplitude of 7 mm is observed before control and it is reduced to 6 mm after 

control.  

Table 2- Vibration test report 
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From above observations, considering sample values, graph of Displacement of beam is plotted. 

 

Fig 10. Graph plot on the basis of experimental results. 

FREE VIBRATION ANALYSIS IN OPEN LOOP SYSTEM USING FFT 

Beam is excited freely with amplitude of approximately 4 mm and the results are observed in FFT analyzer. Now the patch is actuated 

which is bonded on the beam. It is then vibrated freely and results are observed. 
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Fig.11 Displacement before control 

 

 
 

Fig.12 Displacement after control 

 

 

RESULTS 

From practical results for forced vibration, we got 15%   reduction in amplitude. While for free vibrations 25% reduction in amplitude 

is observed 

CONCLUSION 

 PZT patch will control the system i.e. reducing the vibrations amplitude and frequency so as to improve the damping effectiveness 

factor. The characterization and testing of PZT actuator for AVC has been discussed in this paper and it has been be found that the 

PZT actuators can be used for AVC. 
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