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> energy balance method (EBM)

* max-min approach (MMA)

> homotopy perturbation method (HPM)
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¥he’s variational approach (HVA)

? he’s frequency amplitude formulation (HFA)
' variational iteration method (VIM)

' parameter-expansion method (PEM)

"2 modified lindstedt-poincare method (MLPM)
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W /h [0°/90°/0°/90°/0°]
HFA HAM Singh [16] Singha [33]
(PM) (FEM)'
0.2 1.033 1.0329 1.0329 1.030264
0.4 1.1262 1.1251 1.1262 1.116664
0.6 1.2664 1.2626 1.2664 1.248613
0.8 1.4399 1.4318 1.4399 1.415289
1 1.6361 1.6227 1.6361 1.606408
1.2 1.8479 1.8287 1.8479 1.817537
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(v=03)
W /h (a/b=1) (a/b=2)

HFA  HAM  Ref[16] HFA  HAM  Ref[16]
0.2 1.0252  1.0252  1.0208 1.0286  1.0285  1.0254
0.4 1.0973  1.0967  1.0809 1.1099  1.1091  1.0982
0.6 12081  1.2056  1.1743 12336 12306  1.2097
0.8 13478 1.3422  1.2937 1.3884 13818  1.3505
1 1.5087  1.4988  1.4327 1.5651 15537  1.5124

1.2 1.6845  1.6698 1.7571  1.7404
1.4 1.8711  1.8512  1.7503 1.9599  1.9376  1.8770

1.6 2.0656  2.0404 2.1705  2.1425

1.8 22659  2.2353 2.3868  2.3530
2 24707 24347 22828 26074 25679  2.4798
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iz sl Gloanz b e ablite (5500l §)5 sl p (ola3 )| Cod anlio _YJJB‘*’.
(E,/E, =40,G,, /E, =0.5,v,, =0.25)

W/h [0°/90°/0°/90°] [0°/90°/90°/0°] [90°/0°/0°/90°]
HFA HAM  Ref HFA HAM  Ref HFA HAM  Ref
[16] [16] [16]

0.25 1.0577 1.0575 1.0634 1.0511 1.0509 1.0535 1.0511 1.0509 1.0535
0.5 12146 1.2120 1.2388 1.1913 1.1891 1.2038 1.1913 1.1891 1.2038
0.75 1.4386 1.4305 1.4832 13940 1.3872 1.4172 13940 1.3872 1.4172

1 1.7033 1.6881 1.7679 1.6361 1.6227 1.6691 1.6361 1.6227 1.6691
1.25 1.9927 19694  --- 1.9027 1.8819  --- 1.9027 1.8819  ---
1.5 22974 22659 24000 2.1847 2.1563 2.2355 21847 2.1563 2.2355
1.75 2.6120 2.5724  --- 24770 24408  --- 24770 2.4408  ---

2 2.9334 2.8857 3.0729 2.7763 2.7325 2.8439  2.7763 2.7325 2.8439

3 @l sl I by so gyl cond b (et 5,9 s GGl5,8 4 as e 5 ces
Wb oo sz b plp gyl ol Sl jo a5 gl

cilizes gl lodus b ot ablite o 59m0lS )5 6l ol Cond annlin —F Jgu
(E,/E, =40,G,, /E, =0.5,v,, =0.25,a/b=2)

W /h [0°/90°/0°/90°] [0°/90°/90°/0°] [90°/0°/0°/90°]
HFA HAM Ref  HFA HAM Ref  HFA HAM  Ref
[16] [16] [16]

0.25 1.1337 1.0522 1.0645 1.1308 1.1297 1.1327 1.0323 1.0322 1.0340
0.5 13462 1.2156 1.2427 1.4543 1.4458 1.4674 1.1236 1.1226 1.1331
0.75 1.6063 1.4600 1.4905 1.8730 1.8531 1.8946 1.2612 1.2576 1.2798

1 1.8947 1.7463 1.7787 23365 2.3040 2.3652 1.4318 1.4239 1.4593
1.25 22003 2.0531  --- 2.8227 27777 --- 1.6250 1.6119  ---
1.5 25167 23703 24178 3.3216 3.2644 3.3634  1.8337 1.8148 1.8777
1.75 2.8405 2.6935  --- 3.8284 3.7591 - 2.0532 2.0283  ---

2 3.1692 3.0205 3.0976 4.3402 4.2591 4.3949  2.2803 2.2493 2.3396

bz slo Gloaer b lelatos ablite o 5900l5 35 51y o35 Cond aglio =B Jgu>
(E,/E, =40,G,,/E, =0.5,v,, =0.25,a/b =4)

W /h [0°/90°/0°/90°] [0°/90°/90°/0°] [90°/0°/0°/90°]
HFA HAM  Ref HFA HAM  Ref HFA HAM  Ref
[16] [16] [16]

0.25 1.1444 1.0499 1.0653 1.1674 1.1657 1.1707 1.0310 1.0309 1.0326
0.5 13652 1.2129 12454 1.5658 1.5544 1.5838 1.1187 1.1178 1.1275
0.75 1.6314 1.4607 1.4956 2.0655 2.0403 2.0951 1.2514 1.2480 1.2688

1 1.9245 1.7522 1.7863 2.6090 2.5694 2.6489 1.4164 1.4089 1.4423
1.25 2.2337 2.0641  -- 3.1738 3.1202  --- 1.6037 1.5913 -
1.5 25534 23861 24303 3.7504 3.6830 3.8099 1.8066 1.7885 1.8479
1.75  2.880 2.7136  --- 4.3340 4.2531 - 2.0201 1.9962  ---

2 3.2114 3.0444 3.1148 4.9222 4.8279 5.0011 2.2415 2.2115 2.2971
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y97w 3l 5,90 dlold 4y a0 e wgli b slaasY JWSI L aS 04 co canlice ool ;SO Jslom 4y axgi |
e RIS o S 8 8y a5 i S e Sl

i lo lodaz b (onpe abliie (059l B9 (slp (LB ] S dunlia - 7 Jga
(E,/E, =10,G,/E, =0.5,v,, =0.25)

W/h [0°/90°/0°/90°] [0°/90°/90°/0°] [90°/0°/0°/90°]
HFA HAM  Ref HFA HAM  Ref HFA HAM  Ref
[16] [16] [16]

0.25 1.0520 1.0518 1.0556 1.0480 1.0478 1.0498 1.0480 1.0478 1.0498
0.5 1.1946 1.1924 1.2113 1.1803 1.1783 1.1907 1.1803 1.1783 1.1907
0.75 1.4004 1.3933 1.4315 1.3727 13664 1.3922 1.3727 1.3664 1.3922
1 1.6457 1.6321 1.6906 1.6038 1.5913 1.6314 1.6038 1.5913 1.6314
1.25 19155 1.8944  --- 1.8591 1.8396  --- 1.8591 1.8396  ---
1.5 22008 2.1720 2.2715 2.1301 2.1031 2.1722  2.1301 2.1031 2.1722
1.75 2.4964 2.4597  --- 24114 23769  --- 24114 23769  ---
2 2.7988 2.7545 2.8941 2.6998 2.6578 2.7553  2.6998 2.6578 2.7553

lisee sl plosez b (Libaies ablite (255l 355 lp 35 ] o alio =V Jguar
(E,/E,=10,G,/E, =0.5,v,, =0.25,a/b=2)

W /h [0°/90°/0°/90°] [0°/90°/90°/0°] [90°/0°/0°/90°]
HFA HAM Ref  HFA HAM Ref  HFA HAM  Ref
[16] [16] [16]
025 1.1147 1.0513 1.0588 1.0998 1.0991 1.0986 1.0335 1.0334 1.0352
0.5 13077 12059 12222 13557 1.3498 13579  1.1281 1.1271 1.1375
075 1.5499 14345 14516 1.6986 1.6835 1.7013 12703 12664 1.2885
1 1.8219 1.7034 1.7204 2.0859 2.0602 2.0877 1.4460 14377 1.4729

1.25 2.1122 19930  --- 24972 24606  --- 1.6444 1.6309  ---
1.5 2.4141 2.2940 2.3206 2.9226 2.8750 2.9210 1.8585 1.8390 1.6795
1.75 2.7240 2.6018  -- 3.3561 3.2981 -- 2.0833 2.0576  --

2 3.0392 29140 2.9620 3.7954 3.7270 3.7908  2.3158 2.2839 2.3730

bz slo Gloaer b lelatos ablite 55005 (35 1 35 Cond anglio —A Jou
(E,/E, =10,G, /E, =0.5,v,, =0.25,a/b=4)

W/h [0°/90°/0°/90°] [0°/90°/90°/0°] [90°/0°/0°/90°]
HFA HAM  Ref HFA HAM  Ref HFA HAM  Ref
[16] [16] [16]

0.25 1.1271 1.0512 1.0613 1.1246 1.1236 1.1259 1.0327 1.0326 1.0342
0.5 13319 1.2099 12310 1.4349 1.427 1.4459 1.1251 1.124 1.1337
0.75 1.5846 1.447 1.4683 1.8392 1.8202 1.8572 1.2642 1.2604 1.2811
1 1.8657 1.7256 1.7455 2.2882 2.257 23117 14364 14284 1.4613
1.25 2.1643 2.0248  --- 2.7601 2.7168  --- 1.6313 1.6181 ---
1.5 2474 23348 23624 3.245 3.1897 3.2788 1.8418 1.8227 1.8811
1.75 2.7911 2.6511  --- 3.738 3.6709  --- 2.0629 2.0378  ---
2 3.1133 2.9713 3.0204 4.2359 4.1573 4.2796 22918 2.2606 2.3444
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Abstract

In this paper, the analysis of nonlinear free vibration in laminated composite plates is
presented using two approximate analytical methods. Since it is necessary to investigate the
effects of different parameters on nonlinear vibrations of composite plates and to find an
analytical-approximate solution, a composite plate was modeled considering nonlinear terms
in Von Karman strain-displacement relations, at first. Then, the partial differential equation
governing the nonlinear motion was extracted and the equation was reduced in to an ordinary
non-linear differential equation. Homotopy analysis method is an effective and accurate
method for solving nonlinear differential equations and also the frequency amplitude method
has good accuracy beside its simplicity. In this regard, in order to achieve an acceptable
analytical-approximate solution, the mentioned methods were used. The results reveal that the
proposed methods have high accuracy while it offers an analytical closed form solution for
the nonlinear problem. Finally, the effect of different parameters such as aspect ratio, layers
configuration and modulus ratio on the frequency ratio of isotropic and composite plates was
studied.



