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Abstract: 

The aim of this work is to propose a prototype for 

functionally graded beam (FGbeam) with surface 

bounded piezoelectric actuator. In this regard, a finite 

element clamped-free FGbeam with piezoelectric 

actuation is modeled using ANSYS APDL language.  

The material proprieties of FG beam are assumed to be 

graded along the thickness direction and their materials 

properties are calculated according to power law 

distribution. The FGbeam is excited by piezoelectric 

actuator subjected to time harmonic voltages.  The 

analysis is mainly for investigating the effect of the 

harmonic excitation using piezoelectric actuator on the 

functionally graded beam. 
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1. Introduction  

In recent years, the functionally graded materials have 

drawn much attention because of their significant 

thermal and mechanical properties. However since 

their discover in Japan in 1984, The FGMs are used in 

variety applications such as, aerospace, defense 

industry, automotive industries and machine elements. 

Because of the wide range of applications of FGMs, 

it’s necessary to get a full understanding about their 

dynamic and static behavior. Many researchers 

focused on the study of static and dynamic analysis of 

FGM structures such as beams and plates 

(Wattanasakulpong and Ungbhakorn 2012; Şimşek 

2010; Eltaher 2011; Reddy and Cheng 2001). 

Due to their potential advantage in sensing and 

actuating, The piezoelectric materials are considered as 

the most appropriate and perfect solution of many 

technical issue such as vibration control ,shape control 

and noise reduction. However, Most of the research 

has been directed towards vibration control problems 

(Fuller, Elliott, and Nelson 1996; Preumont 2011; 

Takács and Rohaľ-Ilkiv 2012). A considerable 

research papers are interested in modeling of the FGM 

structures such as plates and beams with integrating 

piezoelectric (Dai et al. 2004; Reddy 2000; Yiqi and 

Yiming 2010; Bendine and Wankhade 2016)  

In the present investigation, we developed a efficient 

ANSYS model for the case of FGbeam with bonded 

piezoelectric actuato. The harmonic excitation of 

FGbeam was provided by a piezoelectric actuator. The 

effect of the power low index on the beam response 

was investigated.   

2. Constitutive equations 

A functionally graded clamped free beam of length L, 

width b thickness h bounded by piezoelectric actuators 

is presented in fig. 1. The bottom surface of the FGM 

is a metal layer and the top surface is a ceramic layer. 

Different presentations were proposed to describe the 

variation of the FGM properties. In the present study 

the effective Young's moduls, Poisson's ratio and mass 

density are calculated according to power law 

distribution 

 

 

 
 
 

 
 

Efgm  z =  Ec − Em Vc + Em

ρ
fgm

 z =  ρ
c
− ρ

m
 Vc + ρ

m

Vc =  
2z + h

2h
 

n
  (1) 

 

Where, Efgm  z , ρfgm
 z , and Rn are respectively the 

Young's modulus, mass density and the power law 

index. The subscripts "m" and "c" refer to the metallic 

and ceramic constituents, respectively; 𝑉𝑐  represent the 

volume fraction of the ceramic 
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Fig 1. FGbeam equipped with piezoelectric patch with 

ANSYS. 

The beam is equipped with piezoelectric patch, which 

is  used as an actuators, the coupling relationship 

between the electrical and mechanical proprieties 

(Tzou and Tseng 1990) can be described by 

 

 

Whereσ is the stress vector,D represent the electric 

displacement components, E denote the electric field 

component, Q, e, ∈ are the elastic, the piezoelectric 

coupling and the dielectric permittivity constants 

respectively.  

Using the previous equations with variational principle 

and applying element discretization, the dynamic 

equation FGbeam with piezoelectric patches can be 

expressed as 

  Me  ∀  +  Ke  ∀ = {fele
e} (3) 

where  Me  and  Ke  are the element mass and 

stiffness matrices corresponding to the vector of 

mechanical displacement.  fele
e  is the electric forces 

applied by the actuator. 

. 

3. FEM simulation 

Simulation was carried out for cantilever FGbeam with 

length 0.7 m, width 0.06 m, and height=Length/35, 

made of aluminum.  The piezoelectric actuators of 

dimension 0.06 m × 0.02 m × 0.001 m. Geometry of 

the system was visualized by the finite element model 

and is shown in Fig. 1. 

The FEA model of the FGbeam with the piezoelectric 

actuator was modeled in the ANSYS FEA software 

package (ANSYS 10.0 (2006)). Three dimensional 

structural element (SOLID186) is used for the FGM 

part of the smart beam. The piezoelectric patches are 

modeled using three dimensional coupled elements 

(SOLID5). The solid representation of the FGbeam 

and the actuator was created using the block command, 

then the Material properties have been assigned using a 

macro developed by the authors, finally the meshing 

and the boundary conditions were applied. Cantilever 

boundary conditions are defined for the nodes at x=0. 

The degrees of freedom, VOLT, are coupled for the 

nodes at the top and bottom surfaces of the actuator by 

the ANSYS command cp. 

 The flowchart developed in this study is presented in 

the fig 2.  
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Fig 2. Flowchart of the Ansys Apdl Code used. 

4. Results and discussion 

4.1 Validation 

In order To verify the effectiveness of the present FEM 

model, a clamped-free FGbeam was considered. the 

material proprieties were given in Table. 1. the natural 

frequencies of FGbeam are calculated using the non-

dimensionalized expression given by equation 4 and 

compared with those obtained by (Şimşek 2010; 

Wattanasakulpong and Ungbhakorn 2012) 

 

λ =
ωLb2

h
 

ρ
m

Em

 (4) 

 

The results are shown in Tables 2. It can be observed 

that the results are consistent and almost identical 

demonstrating the accuracy and validity of our FEM 

model. 

Table. 1 Materials proprieties. 

Proprieties Aluminum 

(metal) 

Zicronia 

(ceramic) 

PZT G-

1195 

Elastic modulus E 

(N/m2) 

70×109 151×109 6.1×1010 

Poison's ratio 0.3 0.3 0.35 

Density ρ (kg/m3) 

Elastic stiffness 

matrix (GPa) 

E11 

E22 

E33 

G12 

G13 

G23 

Piezoelectric strain 

matrix 

2702 3000 7750 

 

61.0 

61.0 

53.2 

22.6 

21.1 

21.1 

e31 

e33 

e15 

Dielectric matrix 

(F/m) 

g11 

g22 

g33 

- - 6.5 

23.3 

17 

 

1.53×10-8 

1.53×10-8 

1.5×10-8 

 

 

Table 2 Variation of fundamental frequency with the 

power-law exponent for C–F beam for L/h = 20. 

Method 

used 

Al2

O3 

𝐧 = 

0.2 

𝐧 = 

0.5 

𝐧 = 

1 

𝐧 = 

2 

𝐧 = 

5 

𝐧 = 

10 

Al 

(Şimşek 

2010) 

(Wattanas

akulpong 

and 

Ungbhako

rn 2012) 

Ansys 

1.9

524 

1.9

53 

1.9

38   

1.8

171 

1.8

16  

1.7

799 

1.6

626 

1.6

63  

1.6

344 

1.5

029 

1.5

04  

1.5

114 

1.3

714 

1.3

72  

1.4

158 

1.3

057 

1.3

07  

1.3

314 

1.2

671 

- 

1.2

780 

1.0

129 

1.0

15  

1.1

807 

 

4.2 Harmonic excitation 

In this section, the effect of the harmonic excitation 

using piezoelectric actuator on the FGbeam is studied. 

An FGbeam (0.7 m × 0.06 × 0.7/35) bounded by 

piezoelectric actuator on the top and the bottom (0.06 

m × 0.02 m × 0.001) is considered. The piezoelectric 

actuator is subjected to a persistent harmonic load 

𝑞 = 200 × 𝑠𝑖𝑛(𝜔 × 𝑡) V. The time step t is given by 

dt=1/20*f1, where f1 is the first natural frequency. Fig. 

2 presented the harmonic voltage received by the 

actuator (Appendix). 
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Fig.3 Actuator voltage. 

The response of the FGbeam for the case of n=0.2, is 

given in fig 4. The maximum FBeam response is 

1.2𝑋10 − 4 . Fig.5. Shows the deflection for the case 

of  𝑛 = 1 with maximum deflection 0.6𝑋10 − 4, while 

the case of n=10 is presented in fig 6 where the 

maximum deflection is 3.2𝑋10 − 5 

 

Fig.4 deflection of the FGM beam for the 

case of n= 0.2.  

 

Fig.5 deflection of the FGM beam for the case of n= 

1.  

 

Fig.6 deflection of the FGM beam for the case of n= 

10.   

5. Conclusion  

In the present investigation, a prototype of FGbeam 

with piezoelectric patch is proposed for the vibration 

study of FGbeam. The simulations treated the 

following points 

(1) The implementation of the FGbeam with 

piezoelectric patches on ANSYS. 

(2) The validation of the proposed model with 

studies found in literatures. 

(3) The effect of the power low index on the 

responses of the FGbeam under harmonic 

excitation. 

 

References 

ANSYS software ANSYS Inc., Canonsburg, PA, USA, 

(2006). (www.ansys.com). 

Bendine, Kouider, and Rajan L. Wankhade. 2016. 

“Vibration Control of FGM Piezoelectric 

Plate Based on LQR Genetic Search.” Open 

Journal of Civil Engineering 6 (1): 1–7. 

doi:10.4236/ojce.2016.61001. 

Dai, K. Y., G. R. Liu, K. M. Lim, X. Han, and S. Y. 

Du. 2004. “A Meshfree Radial Point 

Interpolation Method for Analysis of 

Functionally Graded Material (FGM) Plates.” 

Computational Mechanics 34 (3): 213–223. 

Eltaher, Mohammed Abdelmoniem Mohamed. 2011. 

“Free Vibration Characteristics of a 

Functionally Graded Beam by Finite Element 

Method.” Www. Elsevier. Com/locate/apm. 

http://www.publications.zu.edu.eg/Pages/Pub

Show.aspx?ID=11864&pubID=18. 



 13
ème

 Congrès de Mécanique  11 - 14 Avril 2017   (Meknès, MAROC) 

  

 
 

Fuller, Christopher C., Sharon Elliott, and Philip A. 

Nelson. 1996. Active Control of Vibration. 

Academic Press. 

Preumont, André. 2011. Vibration Control of Active 

Structures: An Introduction. Vol. 179. 

Springer Science & Business Media. 

Reddy, J. N. 2000. “Analysis of Functionally Graded 

Plates.” International Journal for Numerical 

Methods in Engineering 47 (1–3): 663–684. 

Reddy, J. N., and Zhen-Qiang Cheng. 2001. “Three-

Dimensional Thermomechanical 

Deformations of Functionally Graded 

Rectangular Plates.” European Journal of 

Mechanics-A/Solids 20 (5): 841–855. 

Şimşek, Mesut. 2010. “Fundamental Frequency 

Analysis of Functionally Graded Beams by 

Using Different Higher-Order Beam 

Theories.” Nuclear Engineering and Design 

240 (4): 697–705. 

Takács, Gergely, and Boris Rohaľ-Ilkiv. 2012. Model 

Predictive Vibration Control: Efficient 

Constrained MPC Vibration Control for 

Lightly Damped Mechanical Structures. 

Springer Science & Business Media. 

Tzou, H. S., and C. I. Tseng. 1990. “Distributed 

Piezoelectric Sensor/actuator Design for 

Dynamic Measurement/control of Distributed 

Parameter Systems: A Piezoelectric Finite 

Element Approach.” Journal of Sound and 

Vibration 138 (1): 17–34. 

Wattanasakulpong, Nuttawit, and Variddhi 

Ungbhakorn. 2012. “Free Vibration Analysis 

of Functionally Graded Beams with General 

Elastically End Constraints by DTM.” World 

Journal of Mechanics 2 (6): 297. 

Yiqi, Mao, and Fu Yiming. 2010. “Nonlinear Dynamic 

Response and Active Vibration Control for 

Piezoelectric Functionally Graded Plate.” 

Journal of Sound and Vibration 329 (11): 

2015–2028 

 

Appendix 

A part of the APDL code for the harmonic excitation 

provide by the actuator  

 

Time=2  

Dt=Time/(20* f1)  

NTIMES= Time/ Dt 

pi=3.141593 

/SOLU  

ANTYPE,4 

TRNOPT,FULL,,DAMP  

LUMPM,0  

 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!! 

*dim,force,array,Ntimes 

force(1)=0. 

*do,i,2,Ntimes,1 

force(i)=200*sin(2*pi*f1*sol

time(i))  

OUTRES,ALL,ALL 

DELTIM,0.01 ! 

Specifies the time step 

sizes 

TINTP,,0.25,0.5,0.5 

! Load equation by steps: 

100*sin(frequency*{ Dt }) 

TIME,0.01 

KBC,1 

 !Ramped 

loading 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!! 

*dim,soltime,array,Ntime

s 

soltime(1)=0. 

*do,i,2,Ntimes,1 

soltime(i)=soltime(i-1)+Dt 

*enddo 

 

*enddo 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!! 

*do,i,3,Ntimes,1 

d,p1,VOLT,force(i),0 

d,p2,VOLT,-force(i),0 

!F,1117,Fz,force(i) 

*get,dz,node, 1117,u,z 

solve 

TIME,soltime(i)  

*enddo 

FINISH 

 

 

 

. 


