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 In this paper, a new inverse method has been presented for identifying the distribution of material 
properties and volume fraction index of rectangular functionally graded (FG) material plates. This 
method benefits from vibration analysis of FG plates accompanied by a novel and efficient meta-
heuristic optimization algorithm called Drops Contact Optimization (DCO) algorithm, being proposed 
for the first time in this article. The presented algorithm relies on the initial population and mimics the 
behavior of water drops in different level of contacting successively with a fluid surface. Through using 
the second shear deformation theory and applying the Hamilton principle, the motion equations are 
derived and, subsequently, the natural frequencies of the considered FG plates are obtained. The 
outcomes relevant to considered different material phases and various length to thickness ratios are 
achieved and compared with those available in the literature. Making a comparative study of the 
obtained results with five well-known optimization algorithms confirms that the proposed DCO 
algorithm produces better performance in convergent speed and accurate characterization of FG 
materials. 

Keywords: 
Functionally graded materials 
Vibration analysis 
Inverse method 
Elastic constants 
Drops Contact Optimization algorithm  

 

  

1 -   
 

  .   

 .     
   

 .

 
  . 

 
)1FGM(  . 

  
  

1 Functionally Graded Materials 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

          ...           

  

246  1395166  

 .  
  

 
  -    

          .
      

  
 .  

 
[1]    

  
  .   

  .  -  

  
  

[2]   .
 .

 .
   

  
   

[3]    .
  FGM 

 . 

 .  

  

[4]   . 
 -

1   
  

[5]   .
 

 
  

  
[6]  

 .   . 
   

  .  
  

1 Love-kirchhoff 

 [7]    
   

 [8]   .
   

    
  

   

[9]   . 
   

 
 [10]  

 .-  
  

[11]  
 .  

   
[12]   .

   
   

   
[13]   .

 .  
  

  
           

    [14]   
             

               
          .  

         
[15].  

 
-  [16]  

 .
  .

  
   

[17]   .
 

 [18]. 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

          ...           

247  1395166  

 
-

  
  

 [19]   .
 . 

    
  

 . 
  

 
   . 

   
    

  

 -2  
x  ( )z )

 (  .

 )1(  )2(    
)1(  = + + +  

)2(  
= (1 )(1 ), = (1 ), 
= (1 ) , =  

= ( )  = ( )  .   

  .c1 c2 
m1 m2 

 )  .2(
 .

)  3 (
   

)3(  
=

u( , , )
( , , )

w( , , )
+

( , , )
( , , )

0
+

( , , )
( , , )

0
 

 uv w    .
      

    .
7   .

-) 4 (
  

)4(  

=
0
0

 

 ( )  .
) 5 (  

)5(  

=

C
C
0
0
0

C
C
0
0
0

0
0

C
0
0

0
0

C
0

0
0
0
0
C

 

   ( )  
)  .

)6 ((   

)6(  0 = ( + )  

   
) 

)  (8,7 (
   

)7(  

= ( + + +

+ )  

)8(  = ( + + )  

 ) 9-15 (  

)9(  : + = + +  

)10(  : + = + +  

)11(  : + =  

)12(  : + Q = + +  

)13(  : + 2R = + +  

)14(  : + Q = + +  

)15(  : + 2R = + +  

  
 

= 0, ,4)    
  .  ( )   

 1   
) 16 17 (   

  

  
Fig. 1 Boundary conditions, coordinates and sheet geometry  
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Fig. 2 Droplet collision and creating wave at its surrounding [21] 
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Fig. 3 Rising drop after a collision with fluid surface [22] 
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Fig. 4 The schematic of algorithm procedure 
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Fig. 6 Drops contact algorithm flowchart  
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Fig. 7 Flowchart of the presented inverse algorithm 

7       

1            
Table 1 Elastic constants of functionally graded composite plate for the 
two types of material selection 

  
  

EM 
(Gpa) 

EC 
(Gpa) (kg/m3)  (kg/m3)  

 1  
Al/Zro2 

70 151 2707 3000 0.3 

 2  
Al/SiC 

70  427 2707 3210 0.17 

2           
Table 2 Three different cases intended for the plate 

 ) a( 
)b( 

) t( 
  

)n(  
I 2 3 0.2 5 
II 3 2 0.5 10 
III 1 1 0.1 20 

  

3        1      
Table 3 First five natural frequencies for material type 1 with three 
different states  

  
)  ( 1 )105(  

     
I 0.011 0.082 0.148 0.955 0.962 
II 0.348 0.843 1.514 4.100 4.234 
III 0.034 0.193 0.364 1.994 1.994 

4        2      

Table 4 First five natural frequencies for material type 2 with three 
different states 

  
)  (2   )105( 

     

I 0.014 0.136 0.221 1.422 1.432 
II 0.049 0.140 0.227 0.625 0.640 
III 0.046 0.329 0.548 3.060 3.060 

-5     
          

   .5  
 .    

  . 
   .
  5 6  1 

2   .    
   80 100   

     
     

    
      .

     8 9   

 
  . 

  

.  

5             
   1   

Table 5 Inverse obtaining the elastic constants for FGM type 1 based 
on DCO 

 
 

   
[25] 

  
 

  

I 

EM )GPa(70  69.301 0.998  
EC  151 (GPa)  153.009 -1.330  

 2707(kg/m3)  2689.95 0.629  
 3000(kg/m3)  3001.901 -0.063  
 5  4.482 10.360  

II  

EM  )GPa(70  68.092 2.725  
EC )GPa(151  149.008 1.319  

 2707(kg/m3)  2706.098 0.033  
 3000(kg/m3)  3007.091 -0.236  
 10  9.681 3.19  

III 

EM )GPa(70  67.098 4.145  
EC )GPa(151  153.071 -1.371  

 2707(kg/m3)  2675.500 1.163  
 3000(kg/m3)  2889.967 3.667  
 20  19.883 0.585 
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Input experimental 
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based on DCO algorithm 
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Display results 
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6             
   2   

Table 6 Inverse obtaining the elastic constants for FGM type 2 based 
on DCO 

 
 

   
[25] 

  
 

  
 

I 

EM )GPa(70  67.008 4.274  
EC  427(GPa)  411.089 3.726  

 2707(kg/m3)  2699.746 0.267  
 3210(kg/m3)  3220.820 -0.337  
 5  4.961 0.780  

II 

EM  )GPa(70  73.980 -5.685  
EC )GPa(427  420.881 1.433  

 2707(kg/m3)  2701.921 0.187  
 3210(kg/m3)  3207.836 0.067  
 10  9.801 1.990  

III 

EM  )GPa(70  76.915 9.878 -  
EC )GPa(427  426.081 0.215  

 2707(kg/m3)  2700.927 0.224  
 3210(kg/m3)  3190.086 0.620 
 20  22.009 -10.045 

  

  

Fig. 8 Convergence study or material type 1 for three states I,II and III 
8     1    I II  III  

  
Fig. 9  Convergence stuy for material type 2 for three states I,II and III 

9     2     I II  III  
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1 Genetic Algorithm(GA) 
2 Simulated Annealing (SA) 
3 Particle Swarm Optimization algorithm (PSO) 
4 Ant Colony Optimization algorithm (ACO) 
5 Water Cycle Algorithm(WCA) 
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Fig. 10 Comparison of convergence rate of 6 optimization algorithms 
for material type 1 and state III 

10   6      1  III  
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7         1  III  
Table 7 Comparison of obtained material characteristics for material type 1 and state III 

 EM (GPa) EC (GPa)      

 70   151 2707 3000 20  -  
 65.371 146.928 2694.012 2900.200 17.900 4.722 
 60.501 143.901 2680.251 2933.889 17.300 7.023  

  61.812 144.858 2694.115 2948.251 18.020 5.572  
   66.108 147.521 2701.015 2993.011 18.802 2.861  

  67.235 147.851 2700.852 2994.124 19.262 2.071  
  68.996 150.014 2707.281 2993.215 19.862 0.602  

8          2  I  
Table 8 Comparison of obtained material characteristics for material type 2 and state I 

 EM (GPa) EC (GPa)      

 70    427  2707 3210 5  -  
 66.825 420.882 2702.002 3201.001 4.749 2.290 
 60.012 411.806 2672.152 3170.450 4.350  6.669  

  62.553 421.851 2700.621 3188.556 4.797 3.361  
   66.982 423.521  2704.000 3201.017 4.738 2.150  

  65.992 426.228 2705.001 3199.808 4.890 1.699  
  70.009 426.852 2705.996 3210.000 4.999 0.312  

  

  
Fig. 11 Comparison of 6 optimization algorithms for present study, 
material type 2 and state I 

11  6        2  I  
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