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Abstract— In this paper fuzzy logic based modal control of cantilevered beam is done. Beam is instrumented with 
piezoelectric patches near the root of the beam. One piezoelectric patch act as sensor and another act as actuator. Fuzzy rule 
base is designed using 3 rules. Modal velocity of beam is taken as input to the fuzzy controller and modal force to be applied 
on the beam is taken as output from the fuzzy controller. Fuzzy logic is used to simultaneously control first two modes using 
principle of Modified Independent Modal Space control. Finite element model of beam is done using Hamilton’s principle 
and Newmark beta method is used to solve second order differential equations. 
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I. INTRODUCTION 
 
With the advent of fast computers field of Active 
Vibration Control (AVC) has picked up [1-3]. AVC 
is now becoming a commercial proposal with the 
availability of economical on-board computers, smart 
materials and intelligent control techniques like 
neural networks [4-5], fuzzy logic [6-7] etc. The 
present thrust is on developing model free and 
intelligent controllers and on developing adaptive 
controllers by doing on-line system identification [8-
9]. A human being reasons out in a very simple way 
even in very complex situations. Deriving analogy 
and motivation from wonderful capability of a human 
being LA Zadeh developed fuzzy logic in 1965. 
Fuzzy logic is based upon simple if-then rules [10-
14]. These rules are formulated based upon 
experience, intuition and common sense. Information 
for generating the rule base may also come from a 
control engineer who has performed extensive 
mathematical modeling analysis and development of 
control process. For solving a typical vibration 
problem by active means, first of all type of sensors 
and actuators to be used is decided. Physics of the 
problem has to be properly explored and a suitable 
mathematical model has to be developed. This 
mathematical model incorporates coupling between 
the sensors, actuators and the structure to be 
controlled [15]. Optimal location of the sensors and 
actuators is decided by optimizing a performance 
index. Then a suitable control approach is decided 
and several simulations are carried out.In real life 
structures first few modes usually get excited. So it is 
economical to control only the modes which get 
excited. This is the basic principle of modal space 
control. For implementing modal space control, 
modes which are to be controlled, need to be first 
estimated. In this paper, individual modes of a 
cantilevered beam are estimated using Kalman 
observer and then fuzzy logic is applied on estimated 
modes so as to dampen the vibrations. Fuzzy logic 

controller again is based upon modal displacement 
and velocity of the beam, corresponding to different 
modes of the beam. Organization of paper is as: in 
section 2 design of test beam is given, section 3 is 
about fuzzification and defuzzification, in section 4 
results are discussed and finally in section 4 
conclusions are drawn. 
 
II. TEST BEAM 
 
Fig. (1) shows the schematic diagram of the 
cantilever test beam. Two piezoelectric patches are 
pasted on the beam near the root of the beam. 
Piezoelectric materials have coupled 
electromechanical properties. When an electric field 
is applied on the piezoelectric actuator strains are 
developed on it which are transferred to the beam. 
Similarly due to strains developed on the beam at the 
location of sensor charge is produced on the surface 
of sensor, which is a measure of strains developed on 
the beam. 
 

 
Fig. 1. Schematic diagram of the cantilevered test beam 

 
III. FUZZY LOGIC BASED MODAL SPACE 
CONTROL 
 
‘Independent modal space control’ is often employed 
for active vibration control in the modal domain. 
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Here operator has to calculate control gains and then 
apply on vibration modes of the plant so as to get 
modal control forces. These gains, if huge, may 
damage the control system or even the plant. 
Moreover the plant can become unstable if one or 
more modes of the plant become large due to some 
unforeseen external disturbance. In this work, control 
law for controlling the vibration is established using 
fuzzy logic based IMSC. Effect of this modification 
is that actuator is never called to apply control forces 
which are beyond safe limits and the operation is not 
dependant on control gain calculations. Synthesis of a 
fuzzy controller essentially involves following three 
steps [16]: 

1. Fuzzification. 
2. Rule base generation and 
3. Defuzzification. 
 

3.1 Fuzzification 
First of all input and output variables for the fuzzy 
controller are decided. Then designer has to give 
range which each input variable can take and safe 
range which each output variable should have. Range 
for input variables may be selected by observing the 
plant for input variables, for considerable length of 
time. Range for output variables may be selected by 
looking at specifications which guarantee safety of 
the actuator. Fuzzy sets (membership functions) are 
then constructed over all input variables and output 
variables. In the proposed fuzzy controller, input is 
individual modal displacement and modal velocity of 
the beam and output is the modal force to be applied 
on the beam. The control force is a fuzzy function of 
modal displacement and velocity i.e. 

),(  fuzzyqr  . Triangular membership-
functions are taken to fuzzify modal displacement, 
modal velocity as well as modal force as shown in 
Fig.  (2), (3) & (4), into three fuzzy sets v.i.z ‘P’ 
(positive), ‘Z’(zero) and ‘N’(negative). Parameters a 
and b have to be set for modal displacement, velocity 
and force. These parameters are selected by 
examining the range of modal displacement and 
velocity encountered in the simulation. Parameters 
for modal force are selected by ensuring that actuator 
has never to apply more than its limit.  
 
3.2 Rule base generation 
Using modal analysis, coupled equations of motion of 
the structure can be decoupled. In IMSC, multi 
degree of freedom system is looked upon as a number 
of single degree of freedom systems and a particular 
mode is controlled independent of other modes. 
Similarly, in case of fuzzy logic based IMSC, system 
is looked upon as a single degree of freedom system 
and a particular mode is controlled independent of 
other modes. Rule base of the controller used in this 
paper, is tabulated in Table (1). Where Z, P and N are 
the fuzzy sets whose membership functions are 
shown in Fig. (2), (3) and (4). Typical rule tabulated 
in Table (1) is reproduced below as: 

 If modal velocity is P (positive) and modal 
displacement is P (positive) then modal force is N 
(negative).   
 

Table 1. Rule base of the fuzzy controller 

 
 

3.3 Defuzzification 
Centroid-method is employed for defuzzification 
here. In fuzzy logic based modified independent 
modal space control, actuator is dedicated, at any 
instant of time, to control the mode that has the 
highest modal energy at that instant.  

 
Fig. 2. Fuzzy sets of modal displacement 

 

 
Fig. 3. Fuzzy sets of modal velocity 

 

 
Fig. 4. Fuzzy sets for modal force 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-5, May.-2016 

Performance of Fuzzy Logic Based Modal Controller in Active Vibration Control of a Beam 
 

13 

IV. THEORETICAL INVESTIGATION AND 
RESULTS 
 
Finite element model of the structure is done using 
Hamilton’ principle. Newmark method is employed 
to get the time response of beam. Beam is disturbed 
by applying an impulse load at a distance of 15 mm 
from the root of the beam. First four natural 
frequencies of the beam are 60, 140, 180, 200, 260 
and 300 Hz. Fig. (5) shows control of first mode of 
beam using fuzzy logic based IMSC. There is 
depression of about 20 decibels in peak 
corresponding to first mode in frequency response of 

sensor signal. Fig. (6) shows control of second mode 
by fuzzy logic. Second mode drops down by about 10 
decibels. Response shoots up at 196, 230, 318, 353 
hertz etc. Fig. (7) (a) shows control of two modes of 
the beam by fuzzy logic based MIMSC. First mode 
falls by 7 decibels and second mode by 15 decibels 
but there is lot of spillover all over the frequency 
range. This states that fuzzy logic based MIMSC 
controls response of modes considered in control law 
and appreciable spillover occurs in residual modes. 
Fig. (7) (b) shows voltage applied on the actuator.  
 

 

 
Fig. 5. (a) Control of first mode by fuzzy logic based IMSC, (b) actuator voltages and (c) time response. 

 

 
Fig. 6. (a) Control of second mode by fuzzy IMSC (b) actuator voltages and (c) time response 
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Fig. 7. Control of two modes by fuzzy MIMSC, (b) actuator voltages and (c) time response 

 
CONCLUSIONS 
 
Fuzzy logic based IMSC can be effectively employed 
to control first mode of a cantilevered beam by about 
20 decibels. Some minor peaks appear in the 
frequency response of the first mode in closed loop at 
60, 140, 180, 220, 260, 300 Hz etc. Similarly, fuzzy 
logic based IMSC is able to bring about decibel 
reduction of about 10 decibels in second mode 
response. While employing fuzzy logic based 
MIMSC, first two modes get controlled at the 
expense of huge spillover in residual modes. Fourth 
mode of vibration clearly gets excited when first two 
modes of cantilevered beam are being controlled by 
fuzzy logic based MIMSC. 
 
REFERENCES 
 

[1] Aldawod, M., Samali, B., Naghdy, F., and Kwok, K. C. 
S.: Active Control of Along Wind Response of Tall 
Building using a Fuzzy Controller, Eng. Struct. 23 
(2001) 1512-1522. 

[2] Sharma, S., Vig, R., Kumar, N.: Active vibration 
control: considering effect of electric field on 
coefficients of PZT patches. Smart Struct. Sys. 16(6) 
(2015) 1091-1105. 

[3] Balamurugan, V., Narayanan, S.: Shell Finite Element 
for Smart Piezoelectric Composite Plate/Shell 
Structures and its Applications to the Study of Active 
Vibration Control, Finite Element Anal.  Des. 37 (2001) 
713-738. 

[4] Rao, V., Damle, R., Tebbe, C., Kern, F.: The Adaptive 
Control of Smart Structures Using Neural Networks, 
Smart Mat. Struct. 3 (1994) 354-366.   

[5] Smyser, C. P., Chandrashekhara, K.: Robust Vibration 
Control of Composite Beams using Piezoelectric 

Devices and Neural Networks, Smart Mat. Struct.  6 
(1997) 178-189. 

[6]    F. Matia et al.: The fuzzy Kalman filter: State 
estimation using possibilistic techniques, Fuzzy Sets 
Syst.   157 (2006) 2145-2170. 

[7] D. Simon, Kalman filtering for fuzzy discrete time 
dynamic systems, Appl. Soft Comput.  3 (2003) 191-
207.  

[8]   Y. Cui et al., Research on active control of diesel 
engine based on wavelet neural network, Int. Conf. Ind. 
Mechatr. Auto. ( 2009) 414-417. 

[9]    K. Zheng: Intelligent vibration control of piezo-
electric truss structure using GA-based fuzzy neural 
network, Proc. 8th World Congr. Intell. Control Auto., 
5136-5139, Jinan, China, July 6-9, (2010). 

[10] K. Zheng: Active vibration control of adaptive truss 
structure using fuzzy neural network, Chinese cont. 
Dec. Conf. (2008) 4872-4875,. 

[11] Mendel, J. M., John, R. I., Liu, F.: Interval type-2 fuzzy 
logic systems made simple. Fuzzy Systems, IEEE 
Transactions on: 14(6) (2006) 808-821. 

[12] S. Thenozhi and W. Hu.: Active vibration control of 
building structures using fuzzy proportional derivative/ 
proportional integral derivative control, J. Vib. Contr.   
21 (2015) 2340-2351. 

[13] M. E. Uz,: Optimal design of semi active control for 
adjacent buildings connected by MR damper based on 
integrated fuzzy logic and multi objective genetic 
algorithm, Engg. Struct. 69 (2014) 135-148. 

[14] N. D. Zoric et al.: Free vibration control of smart 
composite beams using particle swarm optimized self 
tuning fuzzy logic controller, J. Sound Vib.   333 (2014) 
5244-5268. 

[15] Sharma, S., Vig, R., Kumar, N.: Finite Element 
Modelling of Smart Piezo Structure: Considering 
Dependence of Piezoelectric Coefficients on Electric 
Field. Mech. Based Des. Struct. Mach. (2015). 
DOI: 10.1080/15397734.2015.1076728 

[16] Sharma M., Singh, S.P., Sachdeva, B.L..: Modal control 
of a plate using fuzzy logic controller, Smart Mater. 
Struct. 16 ( 2007) 1331–1341. 

 
 

 


