
Mr. Arunkumar G., International Journal of Advanced Trends in Computer Applications (IJATCA) 

Volume 3, Number 2, February - 2016, pp. 31-44 

ISSN: 2395-3519 

www.ijatca.com                                                                                    31 

 

 

International Journal of Advanced Trends in 

Computer Applications 
www.ijatca.com 

FOS control of smart intelligent structures for an  

hollow composite beam 
1
Mr. Arunkumar G., B.E., M.Tech., (Ph.D.-VTU) 

1Research  Scholar doing Ph.D.,  
Visvesvaraya Technological University (VTU)-Belgaum, 

Karnataka, India 
2
Dr. T.C.Manjunath, B.E., M.E., Ph.D. (IIT Bombay), 

Senior Member IEEE, Fellow IETE, Fellow IE, Chartered Engineer 
2 Principal, Professor, ECE Dept., Nandi Inst. of Tech. & Mgmt. Sciences, Bangalore-45, Karnataka 

2tcmanjunath@gmail.com 
 

Abstract: This paper features the modeling, design & control of a smart structure using the concept of fast 

output sampling feedback control law.  Collocated piezoelectric patches are bonded as sensor / actuator to the 

master structure at a certain finite element location on the beam, i.e., nearby the fixed end of the composite box 

beam. The beam structure is modeled in state space form using the concept of piezoelectric theory, the beam 

theory and the Finite Element Method.  The beam is subjected to an external disturbance (say, impulse or sine or 

random excitation). FOS controller is designed for the smart composite box beam.  When the designed controller 

is put in the loop with the plant, the plant performs well and the vibrations are damped out in a quicker time. The 

performance of the designed controller is thus evaluated for vibration control and the conclusions are drawn, the 

simulation results show the effect of the designed controller. 

 

Keywords: FOS, Vibrations, Composite beam, State space theory, Beam theory. 

 

I.  INTRODUCTION 

Active vibration control is an important problem in 

structures.  One of the ways to tackle this problem is to 

make the structure smart, intelligent, adaptive and self-

controlling [3]. The main objective of Active Vibration 

Control (AVC) is to reduce the vibration of a system by 

automatic modification of the system‘s structural 

response.  In many situations, it is important to 

minimize these structural vibrations, as they may affect 

the stability and performance of the structures. This 

obviates the need to strengthen the structure from 

dynamic forces and disturbances in order to minimize 

the effects of vibrations and enables the development of 

lighter, often-cheaper structures exhibiting superior 

performance. Thus, the vibration control of any system 

(say, for example, a composite beam) is always a 

formidable challenge for any control system designer.  

Composites are being used widely as construction 

materials in aircraft industries because of their high 

strength to weight ratio, increased fatigue life and 

improved damage tolerance characteristics [1].  

 

Thin walled structures are integral parts of an aircraft. 

In many cases (rotor blades, wing spars etc), they can 

be modeled as one-dimensional beams, as the sectional 

dimensions are much smaller compared to the length. 

Several non-classical behaviors are exhibited by thin 

walled composite structures, which include the effect of 

elastic coupling, transverse shear deformation and 

restrained torsional warping. These characteristics can 

be successfully exploited for various aircraft 

applications. Normally, 1D modeling is sufficient to 

capture the essential features of the box beam. 1D 

approximations are associated with the assumption of 

local displacements in terms of generalized beam 

displacements, namely extension, bending in two 

directions, shear in two directions and twist [2]. 

 

In the present paper, a composite thin walled beam 

element with surface mounted PZT patches with open 

and closed contours developed in [4], [8] is used for 

vibration control purposes. The element uses higher 

order interpolating polynomials that are derived by 

solving the electromechanically coupled static 

homogeneous governing differential equations and hence 

gives an exact elemental mass and stiffness matrix [18]. 

Each node has six degrees of freedom (DOF), which 

include extension, two bending degrees of freedom in 

span wise and chord wise directions, corresponding 

rotations and twist. First-order beam theory is used for 
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modeling transverse shear deformation and out-of-plane 

torsional warping is modeled using Vlasov theory [3]. 

 

The paper is organized as follows. Section II gives a 

overview into the modeling technique of the composite 

box beam. First, the governing equations for a thin 

walled beam of certain cross section with PZT patches 

are derived using the Hamilton‘s principle. The finite 

element formulation is presented in next section, 

followed by the model order reduction scheme and the 

development of the state space model. A brief review of 

the controlling technique, viz., the periodic output 

feedback control technique and the design of the FOS 

controller is presented in section 5.  The simulation 

results are presented in section 6, followed by the 

concluding section, acknowledgements and the 

references, author biographies.   

 

II. MATHEMATICAL MODELLING 

OF SMART CANTILVER 

COMPOSITE BEAM 

 

A glass-epoxy box beam with 2 surface mounted PZT 

patches is used for the vibration suppression of the 

bending modes. The material properties and dimensions 

of the box beam and the PZT patches is given in Table 

I.  The cantilever box beam has a ply lay up of [03 / 902 

/ 03] on all the 4 sides as shown in Fig. 1. The governing 

differential equation for a smart thin walled composite 

box beam is obtained as follows. From the geometrical 

consideration and assuming in-plane deformation to be 

negligible, the local shell displacements  u, v, and w can 

be written as [4] [18] [82] 

 

 
qywzvw ss  00  , 

rzwyvv ss  00  (1) 

    xzs zzuu   0  (2) 

 

where 0u
, 0v

, 0w
are the displacements in x, y, z 

directions.  ψ, θy , θz are the rotations about the x,  y,  z 

directions. The torsional warping function 


 is 

expressed [4] [18] as 

 

 

 
Fig. 1 A thin walled composite box beam and the coordinate 

systems with their generalized beam displacements 

 
TABLE I. Properties of the  glass-epoxy composite box 

beam [ 03 / 902 / 03 ] and the piezoelectric patches (sensor / 

actuator) 

 

Parameter  (with units) Symbol 
Numerical 

values 

Length (m) 
bl  

0.655 

Width (m) b  0.057
 

Thickness (mm) tb 0.0005 

Young‘s modulus (GPa) Eb 62 

Poison‘s ratio  0.31 

Density (kg/m3) b 7400 

Piezo strain constant (m 

/V) 
3231 dd 
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for a closed cross section where t is the wall thickness, 

Ac is the cross sectional area enclosed by the mid-line 

contour, G is the shear modulus, r is the radius, s is the 

tangential coordinate and n stands for the normal 

coordinates. Strain - displacement relations are derived 

using Eqs. (1) - (3) are given by [5] [82] 
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 (6) 

where xx
 is the normal strain, xs

, xn
and are the 

shear strains.  
t

xn
, the tangential component of the 

shear strain, can be neglected as torsional displacements 

do not contribute to the shear strain in that direction and 

hence the transverse shear xn
 can be assumed to 

contain only 
s

xn
components.  The 3D linear 

constitutive relation for the layer containing the PE 

patch is given by        EeQ   , where the 
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stresses, strains & electric fields are given by  [6] [18] 

[82] 

   xsxnsnnnssxx  ,,,,,
, 

  { , ,xx ss  , ,nn sn  }, xsxn 
, 

 E  
 nsx EEE ,,

. 

Here, [Q] is the stiffness matrix and [e] is the 

piezoelectric constant [2] given in terms of the 

piezoelectric coefficient [d] as [7] 
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The piezoelectric coefficient ijd
 corresponds to the 

strain in the j direction due to an electric field applied in 

the i direction.  Here, j = {1, 2, 3, 4, 5, 6} refer to 

directions {x, s, n, sn, xn, xs} and  i = {1, 2, 3} refer to 

directions {x, s, n}. For a passive layer, the parts of the 

constitutive equation containing electric field terms are 

not considered. The relation used for sensing mechanical 

strains through piezoelectric patches is given by [82] 

        EeD
T

  , 

where  

   nsx DDDD ,,
 

are the electrical displacements and [ξ] is the 

permittivity matrix given by [8] [82] 
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In the plane stress conditions, the normal stress ss and 

the transverse shear stress sn
 are assumed to be zero 

and the constitutive model is obtained through the plane 

stress reduction of the 3D constitutive law considering 

the electric field 
 EEn   only in the  n  direction as [1] 

[82] 
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The stiffness coefficients ijQ
 are given by 
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where ijQ
are the transformed stiffness coefficients. The 

piezoelectric constants ije
 are given by [9] 
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The total strain, electrical and kinetic energies are 

calculated using the expressions [10] [18] 
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 (15) 

where dA is the elemental area given by ds dn.  Using 

Hamilton‘s principle, the minimization of the above 

energy with respect to the six mechanical degrees of 

freedom zywvu  ,,,,, 000  and one electrical degree of 

freedom E will give 7 electromechanically coupled 

differential equations [8].  These governing equations 

and the associated boundary conditions will be used for 

stiffness and electromechanical coupling matrix 

formulation. This is done by assuming appropriate 

polynomials for the displacement field based on the 

order of the static part of the differential equations and 

substituting these back into the governing equations. In 

this process, certain constants can be eliminated and, at 

the same time, certain constants become dependent on 

material and sectional properties [7] [82].  

 

III.   FINITE ELEMENT 

FORMULATION 
 

The formulated smart beam element has the super 

convergence property as it uses exact solutions to the 

electromechanically coupled governing equations as its 

interpolation functions. Hence, for point loads, one 

element between any two discontinuities is sufficient to 

capture the exact response for static analysis. This 

results in a substantial reduction in the system size. For 

dynamic analysis, a consistent mass matrix formulated 

on the basis of the interpolation functions is used [11] 

[82].  

 

As a result, for a given discretization, the accuracy of 

the present formulation is expected to be superior 

compared to that of elements formulated on the basis of 
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the conventional polynomial approximation. This is 

because the stiffness of the structure, which is exactly 

represented, is prone to higher error if an approximate 

polynomial is used in its formulation as is done in the 

conventional formulation [12].  

 

Hence, good accuracy in dynamic analysis can be 

expected from this element using smaller system sizes.  

The finite element formulation [4], [6], [8] begins by 

assuming the interpolating functions of appropriate 

order for the six mechanical degrees of freedom. 

Looking at the governing equations [8], we see that the 

axial displacement  u0 and the slopes about the  y and z 

axes (θy and θz) require quadratic polynomials, while 

the lateral and transverse displacements v0 and w0 and 

the twist (ψ) degrees of freedom require cubic 

polynomials. Hence the interpolating polynomials for 

the six degrees of freedom can be assumed as [4], [8] 
2
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The governing differential equations are electro- 

mechanically coupled having higher order derivatives of 

the electric field (E). In all, the interpolating 

polynomials for displacements having 21 constants are 

evaluated using the boundary conditions of the 

composite beam, finally leading to the shape functions 

corresponding to the 6 displacement fields as [13] 

   
zy
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 (20) 

The electric field E can be expressed in terms of the 

nodal displacement vector as
  es uKE 

. This 

equation relates electric field to the nodal displacement 

{ue} and is used for sensing application. The nodal force 

vector is given by F + [KA] E = [K]{ue}, where [KA] is 

an electro-mechanical coupling matrix which gives the 

expression for the actuating force due to the electric 

field E applied to the PZT patch and [K] is the exact 

stiffness matrix, that is derived from the polynomials 

that exactly satisfy the governing differential equations. 

The consistent mass matrix is formulated using the 

material dependent shape functions and is given by [14] 
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The matrix [I ] obtained from Eqs. (1) - (3) is [4], [8] 
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Depending on the geometry of the cross section, many of 

the constants in the mass matrix formulated above 

vanish, resulting in a simpler form. The damping matrix 

is obtained as  [15] [80] 

                             KMC   , (23) 

where  and  are structural constants of composite box 

beam.  In the above discussions, M and K are called as 

the local mass and stiffness matrices.   The equation of 

motion for a system with  n  DOF is finally given by 

                            FKxxCxM    (24) 

where M, C and K are the assembled mass, damping 

and the assembled stiffness matrices (called as the 

global matrices).  These are obtained by the assembling 

techniques used in the finite element method. Here, x , 

x and x are the accelerations, velocities and 

displacements of the full system, F is the force 

coefficient vector.  The displacement vector x of the full 

system contains all the nodal displacements 

,,, 000
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wvu
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 at each node. Using the 

equation of motion from Eq. (24), the state space model 

of the system is obtained as  [16] [80] 
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where A, B, C, E are the system matrix, input matrix, 

output matrix and the external disturbance matrix which 

couples the disturbance to the system.  The output of the 

system is taken as the tip displacement.  

 

IV. MODEL  ORDER  REDUCTION 
 

Before you begin to format your paper, first write and 

save the content as a separate text file. Keep your text 

and graphic files separate until after the text has been 

formatted and styled. Do not use hard tabs, and limit use 

of hard returns to only one return at the end of a 

paragraph. Do not add any kind of pagination anywhere 

in the paper. Do not number text heads—the template 

will do that for you. 

 

In many engineering problems, efficient reduction or 

condensation schemes are required to not only reduce 

the model size and decrease the computational time, but 

also to retain only the measurable degrees of freedom 

from the full analytical model. In the above case, the 

order of the system obtained was fairly high, i.e., 120, 

therefore, before we apply any control strategy, a 
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reduced model [17] for the above system needs to be 

obtained.  

 

Thereafter, model order reduction is carried out 

eliminating the fast modes.  For model order reduction, 

we use Marshall technique [17] wherein, the system is 

decoupled into faster and slower modes and then 

derivative of the states corresponding to faster modes is 

set to zero and then solve for the remaining states.  This 

method ensures that the response of the reduced order 

model has correct steady state values and still maintains 

satisfactory dynamic behavior. Considering a 

continuous time model given by [82] 
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The system is transformed to x = T z, to get the 

transformation relation [80] 
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Here sub matrix 1  is associated with slower modes,  

whereas the response of the elements in 2
settles very 

fast and thus may be approximated to a instantaneous 

step change.  Therefore, the derivative of 2z
 is set to 

zero and the resulting equation is solved for 1z
.  The 

reduced order model finally is given by [17] 
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In our reduced model, we eliminate the faster modes and 

thereby obtain a reduced order model of order 8.  The 

disturbance is being induced via the E matrix and the 

control is given through the B matrix.  The natural 

frequencies obtained are 34.46, 81.32, 206.59 and 

465.13 Hz. Model validation is done in commercially 

available softwares like the PATRAN and the 

NASTRAN. The obtained reduced order state space 

model is [80] 
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4.08.344.31.53.42309.1
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 (29) 

which is used further for the FOSFB controller design.  

 

V.  FOS CONTROLLER DESIGN 
 

The control strategy for the SISO representation of the 

developed smart composite beam model using the fast 

output sampling feedback control law with 1 actuator 

input u and 1 sensor output y .  Simulations are done in 

Matlab as well as in Simulink. The open loop response, 

closed loop, the control input required to damp out the 

vibrations are observed and are shown in the figures 

below. The sensor is used to sense the vibrations in the 

beam and send to the controller, where the signals are 

evaluated and corresponding destructive signals to curb 

down the vibrations are calculated by the controller. 

Finally, this is given as input to the actuator will induces 

destructive anti-vibration signals in the beam to reduce 

the overall vibration signature of the beam.   

 

In this paper, a FOS control is presented for the hollow 

beam model to suppress the vibration of the smart 

flexible cantilever beam by considering the first two 

vibration modes. The control law thus obtained is of 

practical importance. Responses are also simulated for 

the plant without control and are compared with the 

control to show the control effect. It was inferred that 

without control the transient response was predominant 

and with control, the vibrations are suppressed. It was 

seen that the tip displacement is well controlled and is 

within limits. The designed controller requires constant 

gains and hence may be easier to implement in real time.  

Some of the responses along with the control input are 

shown below in the Figs. 3 to 7 respectively.  

In this section, a brief review about the type of control 

strategy used to curb the vibrations of a smart cantilever 

beam along with the simulation results & justifications 

is presented in this context [11] [13].  The graphical 
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illustration of the fast output sampling feedback control 

law is shown in Fig. 2 as 

 
Fig. 2 : FOS method (graphical illustration) 

 

In the accompanying area, we add to the control 

technique for the MIMO representation of the created 

brilliant structure model utilizing the quick yield testing 

criticism control law created by Werner and Furuta 

[76], [77], [78] with 2 actuator i/p‘s u1, u2, and 2 sensor 

o/p‘s y1, y2, for the created multivariable plant as 

appeared in figure 4. Ordinarily, as the complete state 

vector is not accessible for input, the configuration of a 

state spectator is not a clear answer for multivariable 

and multimodel issues either. In the event that the 

controller is to be actualized digitally on a PC, then an 

examined information controller must be outlined at any 

rate, and in this segment it is demonstrated how a strong 

inspected information state input pick up with zero-

request hold can be acknowledged by a FOS f/b 

controller. 

 

In this sort of control law as appeared in Fig. 2 [76], 

[77], [78], the estimation of the info at a specific minute 

relies on upon the yield esteem at once preceding this 

minute (in particular toward the start of the period). 

Werner and Furuta [76], [77], [78] have demonstrated 

that the poles of the discrete time control framework 

could be doled out subjectively (inside of the normal 

limitation that they ought to be found symmetrically 

w.r.t. real axes) utilizing the quick yield inspecting 

strategy. Since the criticism increases are piecewise 

constants, their technique could without much of a 

stretch be actualized, ensures the shut circle soundness 

and showed another probability. Such a control law can 

balance out a much bigger class of frameworks. The 

control goal is to test the o/p y(t) at a speedier rate, i.e., 

at interims  of  and connected to the controller at 

interim values of  which is more worthwhile. In the 

meantime, the states are not required for f/b purposes in 

the FOS case and here, we are going to design the state 

f/b using the o/p f/b.  

 

Consider a plant described by a LTI state mathematical 

space model given by 

),()(),()()(
.

txCtytuBtxAtx   

where 
nx  ,  

mu  , 
py  , 

nn
A


 , 

mn
B


 , 

np
C


 , A , B , C , are constant 

matrices of appropriate dimensions and it is assumed 

that the model is controllable and observable.  Assume 

that output measurements are available at time instants 

kt  , where ....,3,2,1,0k Now, construct a discrete 

linear time invariant system from these output 

measurements at sampling rate

1

(sampling interval of τ 

secs) during which the control signal u is held constant. 

The system obtained so is called as the   system and is 

given by 

),()(),()())1((   kxCkykukxkx 
 

where 
C,,  

are constant matrices of appropriate 

dimensions.  Assume that the plant is to be controlled by 

a digital computer, with sampling interval and zero 

order hold and that a sampled data state feedback design 

has been carried out to find a state feedback gain 

F such that the closed loop system  

    )(   kxFkx 
 

has desirable properties.   

 

Let N




 , where N the observability index   of 

the system. The control signal 
)(ku

, which is applied 

during the interval  )1(  ktk  is then generated 

according to  

  kN yL

ky

ky

ky

LLLku 





























 

)(

:

:

)(

)(

.....)( 110







, 

where the matrix blocks jL
 represent the output 

feedback gains and the notation kyL ,
has been 

introduced here for convenience.  Note that 

1

is the rate 

at which the loop is closed, whereas the output samples 

are taken at the times N - times faster rate 

1

.  To 

show how a FOS controller can be designed to realize 

the given sampled data state feedback gain for a 

controllable and observable system, we construct a 
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fictitious, lifted system for which the above equation can 

be interpreted as static output feedback [Syrmos]   

Let 
 C,,

 denote the system sampled at the rate 

1

.  

Consider the discrete time system having at time 

kt  , the input 
)( kuuk  , the state 

)( kxxk  and the output ky
 as 

 
,, 0011 kkkkkk uxyuxx DC       

where                             
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



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j

j
N C

C

C

C

C



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Now, design a state feedback gain F  such that 

 F 
 has no Eigen values at the origin and 

provides the desired closed loop behavior, i.e., the 

system is stable, the Eigen values are placed inside the 

unit circle (using the pole placement technique) in such 

a position that the closed loop response with the state 

feedback settles quickly and the vibrations are damped 

out in a quicker time. Then, assuming that in the interval 

)(   ktk
, 

 
)()( kxFtu 

,   

one can define the fictitious measurement matrix,  

   1

00),(


 FFNF DCC
, 

which satisfies the fictitious measurement equation  

 kk xy C
.   

For L to realize the effect of F , it must satisfy the 

equation. 

 
FLC

.    

Let   denote the observability index of 
 C,,

.  It 

can be shown that for N , generically C has full 

column rank, so that any state feedback gain can be 

realized by a fast output sampling gain L . If the initial 

state is unknown, there will be an error 

kkk xFuu 
in constructing the control signal 

under the state feedback; one can verify that the closed-

loop dynamics are governed by 



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
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
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x
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01

1

0 LD
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The system in the above equation is stable if stabilizes 

only if 
   ,

 and the matrix 
  F0LD

 has all 

its Eigen values inside the unit circle. It is evident that 

the eigen values of the closed loop system under a FOS 

control law are those of 
 F 

 together with those 

of 
  F0LD

.  This suggests that the state 

feedback F  should be obtained so as to ensure the 

stability of both 
 F 

 and 
  F0LD

. The 

problem with controllers obtained in this way is that, 

although they are stabilizing and achieve the desired 

closed loop behavior in the output sampling instants, 

they may cause an excessive oscillation between 

sampling instants.  The fast output sampling feedback 

gains obtained may be very high.  To reduce this effect, 

we relax the condition that L exactly satisfy the linear 

equation and include a constraint on the gain L .   

 

Thus, we arrive at the following as 

 3201    FF LC;LD;L
 

where represents the upper bounds on the spectral 

norms of L . 
  F0LD

 and 
 FLC

.   This can 

be formulated in the form of Linear Matrix Inequalities 

as  
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


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LD
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L 





 
In this form, the LMI control optimization toolbox is 

used for the synthesis of L .  Here, 1  means low noise 

sensitivity, 2  small means fast decay of observation 

error, and most importantly, 3  small means that the 

FOS controller with gain L  is a good approximation of 

the originally designed state feedback controller.   

 

If  
03 

, then L  is an exact solution.  If suitable 

bounds 21 ,   are known, one can keep these bounds 

fixed and minimize 3   under these constraints.  This 

requires a search for a FOS controller which gives the 

best approximation of the given state feedback designed 

under the constraints represented by 1  and 2 .  It 

should be noted here that closed loop stability requires 

12  , i.e., the eigen values which determine the error 

dynamics must lie within the unit disc. In this form, the 

function [min cx ( )] of the LMI control toolbox for 

MATLAB can be used to minimize a linear combination 

of  21 ,   and 3 .   

  

VI. SIMULATION  RESULTS 
 

In this section, the Matlab simulation results are 

presented to depict the control of vibrations of the smart 

beam when they are subjected to forces. In this section, 

a single input single output model of the plant is used 

[1] – [10].  The mathematical model is developed, the 
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fast output sampling feedback controller is designed, put 

in loop with the plant, the open loop response, closed 

loop (with the state feedback gain & the FOS gain L), 

the control input  u required to damp out the vibrations 

are observed and are shown in the figures below [11] – 

[20].  From the simulation results, it is observed that 

when the beam is divided into a number of finite 

elements, the results with the piezo pair kept at the fixed 

end (system 1) is more satisfactory than the results with 

the piezo pair kept at the free end [21] – [30].  The open 

loop and the closed loop responses are also observed.  

From the results, it is observed that without control, the 

transient response is unsatisfactory & takes more time 

to settle & with control, the vibrations are suppressed in 

no time, which shows the control effect [31] – [40].  The 

control signal along with the tip displacements are also 

observed through the Matlab simulation results [61] – 

[70].  From these tip displacement results, it can be 

observed that with control the tip displacements die at a 

faster rate than without control [71] – [80]. 

The beam with the piezo pair kept at the root is touchier 

to the first mode as the twisting moment is most 

extreme, strain rate is higher, least tip deflection, better 

sensor o/p & less prerequisite of the control impact 

(control will be more compelling at the root) [41] – [50].  

The beam with the piezo pair kept at the free end is less 

sensitive to the 1st mode as the bending moment is min. 

& the rate of strain is lesser, maximum tip displacement, 

less sensor o/p and more usage of control effect (at the 

root, the control will be more predominant) to dampen 

out the vibrations.   

Hence, it is concluded that fixed end model is the best 

for active vibration control as the output responses with 

F & L are enhanced & the magnitude of the impulse 

responses, i.e., of the open loop and the closed loop of 

both the CTS / DTS is less compared to the free ends 

[51] – [60].  The bode plot observed from the simulation 

results also shows that the two modes are well 

controlled & within limits, the two natural frequencies 

can be clearly seen [80].  

 
Fig. 3 : Matlab simulation results - 1 

 

 
Fig. 3 : Matlab simulation results - 2 

 

 
Fig. 3 : Matlab simulation results - 3 

 
Fig. 3 : Matlab simulation results - 4 

 

Matlab Optimization Command Prompt Results 

 

F = 

 

  1.0e+003 * 

 

    1.4153    1.0336 

 

 

Solver for linear objective minimization under LMI 

constraints  

 

 Iterations   :    Best objective value so far  

  

     1 

***                 new lower bound: -2.980232e+017 

     2 

***                 new lower bound: -1.271604e+017 

     3 

***                 new lower bound: -4.476925e+016 



Mr. Arunkumar G., International Journal of Advanced Trends in Computer Applications (IJATCA) 

Volume 3, Number 2, February - 2016, pp. 31-44 

ISSN: 2395-3519 

www.ijatca.com                                                                                    39 

 

     4 

***                 new lower bound: -1.583506e+016 

     5 

***                 new lower bound: -5.586499e+015 

     6 

***                 new lower bound: -1.970978e+015 

     7 

***                 new lower bound: -6.953792e+014 

     8 

***                 new lower bound: -2.453372e+014 

     9 

***                 new lower bound: -8.655754e+013 

    10 

***                 new lower bound: -3.053840e+013 

* switching to QR 

    11 

***                 new lower bound: -1.077426e+013 

    12                1099.616664 

***                 new lower bound: -3.801262e+012 

    13                1099.616664 

***                 new lower bound: -1.341094e+012 

    14                1099.616664 

***                 new lower bound: -4.730631e+011 

    15                1099.616664 

***                 new lower bound: -1.666500e+011 

    16                1099.616664 

***                 new lower bound: -5.808019e+010 

    17               -8.340820e+008 

***                 new lower bound: -1.842674e+010 

    18               -8.340820e+008 

***                 new lower bound: -7.346244e+009 

    19               -9.812443e+008 

***                 new lower bound: -4.591639e+009 

    20               -9.812443e+008 

***                 new lower bound: -2.600582e+009 

    21               -9.988556e+008 

***                 new lower bound: -1.124780e+009 

    22               -9.988556e+008 

***                 new lower bound: -1.074712e+009 

    23               -9.988556e+008 

***                 new lower bound: -1.006359e+009 

 

 Result:  feasible solution of required accuracy 

          best objective value: -9.988556e+008 

          guaranteed relative accuracy: 7.51e-003 

          f-radius saturation:  99.886% of R = 1.00e+009  

 

L = 

 

  1.0e+003 * 

 

    4.0542   -3.5812   -3.5364    4.1636 

 

 

 

 

Transfer function: 

0.0001006 s^3 + 5.843e-006 s^2 + 0.05742 s + 3.725e-

009 

------------------------------------------------------- 

 s^4 + 2.577 s^3 + 2.575e004 s^2 + 2032 s + 

1.003e007 

  

 

zeros_2_num = 

 

  -0.0291 +23.8959i 

  -0.0291 -23.8959i 

  -0.0000           

 

 

poles_2_den = 

 

  1.0e+002 * 

 

  -0.0127 + 1.5923i 

  -0.0127 - 1.5923i 

  -0.0002 + 0.1989i 

  -0.0002 - 0.1989i 

  

VII. CONCLUSIONS 
 

A mathematical model for the composite box beam 

formulated in [4], [8] is used for the vibration control 

purposes in the paper. A two-node beam element with 6 

DOF is used to formulate the composite box beam 

element using beam theory. Then, the state space model 

is validated by modeling the same beam structure in 

Msc PATRAN and NASTRAN and thus correlating the 

natural frequencies obtained by the 2 procedures.  The 

sensor is used to sense the vibrations in the beam and 

send to the controller, where the signals are evaluated 

and corresponding destructive signals to curb down the 

vibrations are calculated by the controller. Finally, this 

is given as input to the actuator will induces destructive 

anti-vibration signals in the beam to reduce the overall 

vibration signature of the beam. Simulations are done in 

Matlab as well as in Simulink.  

 

Controller has been designed for the composite beam 

using the FOS control technique for the developed state 

space model of the smart beam to suppress the first few 

vibratory modes. The various responses are observed.  

Responses are also simulated for the plant without 

control and are compared with the control to show the 

control effect.  It was inferred that without control the 

transient response was predominant and with control, 

the vibrations are suppressed. It was seen that the tip 

displacement is well controlled and is within limits. The 

designed FOS controller requires constant gains and 

hence may be easier to implement in real time using 
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some interfacing cards like dSPACE, TI-TMS-DSP, NI, 

Data acquisition cards, etc. 
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