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Tab.1 Comparison of the dimensionless natural frequencies

of clamped rectangular plates with other theories
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Tab.2 Properties of composite laminates and MFC piezoelectric material

El/ Ez/Ez/ Glz/Glx/ sz/ d?%l/ d:sz/ S ,0/
ok ~ ~ ~ ~ Ve /s U —1 1 —8 1 —1 —3
GPa GPa GPa GPa (pm+ V™) (pm+V ") (A0 °*F-V ") (kgem*)
T800/M21™ 172 8.9 4.2 0.02  0.35 0.0l — — 1072
MFCH? 30.336  15.857 5.515 5.515 0.31 0.438  —170 —100 1.416 5 440
x3 EEMBEARARHEAXNE 6 HEFHE
Tab.3 The first six natural frequencies of composite laminated plate under different stacking modes Hz
- i 6 I A R
=77 50
1 2 3 4 5 6
90/0/0/90 9.403 8 49.188 5 59.246 5 156. 605 2 169. 183 302.952 6
0/0/90/90 10. 320 4 49.712 1 65.015 6 159.768 6 185.776 6 312.708 4
0/90/0/90 15.160 6 52.117 9 93.548 5 174.549 9 261.259 1 358.358 2
0/90/90/0 21.395 2 56.880 1 134. 644 3 204. 836 8 384.113 4 459.971 1
x4 AMTEAHEEARNESGHHEEWBRE R
Tab. 4 Stiffness coefficients of composite laminated plate with 4 different stacking modes
B2 77 M B2 2R %
By, =0 E=2.4561 R, =7.585 3X10°
B,, =0 E,,=0.2612 Tn=—2.5X10" R\, =2.612 3X 10’
90/0/0/90 .
B, =0 E,,=12.714 5 T,,=0 R, =7.585 3X10°
Bs; =0 Es =0.350 Rg =3.500 0X 107
By, =20 516.755 6 E,,=7.5853 R, =1.415 1X10°
By, =—20 516.755 6 E,,=0.2612 T, =0 R;;=2.612 3X107
0/0/90/90 . -
B, =0 E,,=7.5853 T, =0 R, =1.019 9X10°
Bs;s =0 Es=0.3500 Rs; =3.500 0X107
B,y =10 258.377 8 E=7.5853 R, =7.585 3X10*
B,, =—10 258.377 8 E;,=0.2612 T, =3 419.459 2 R\, =2.612 3X 10’
0/90/0/90 1 . tq -
B, =—1.672X10 E,,=7.5853 Ts=—3419.459 3 Ry, =7.585 3X10°
B;;=1.672X10" Es=0.350 0 R4 =3.500 0X 107
B =0 E,=12.714 5 R, =7.585 3X 10"
B, =0 E\,=0.2612 T,,=0 R\, =2.612 3X 10’
0/90/90/0 _ . ]
B, =0 E,,=2.456 1 Ty =—2.5X10" Ry, =7.585 3X10°
B;; =0 Es=0.3500 Rg =3.500 0X 107
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Tab.5 The first six natural frequencies of laminate with single-layer MFC under non-electricity condition Hz
' . R ES
RETA 1 2 3 4 5 6
90/0/0/90/MFC 9.211 0 48.185 1 58.017 9 153.413 9 165.852 4 297.062 4
0/0/90/90/MFC 11. 446 3 49.518 2 72.066 4 161. 485 6 205.895 0 321.917 6
0/90/0/90/MFC 12.833 5 49. 943 8 79.282 5 164.169 6 209. 587 2 324.303 2
0/90/90/0/MFC 15.717 2 52.246 6 98.903 2 178.277 8 282.320 4 376.033 5
x6 SHEREMFCHESWMEBRBR THAT 6 MERME
Tab. 6 The first six natural frequencies of laminate with single-layer MFC under electric condition Hz
o T 6 B [ A
R v 1 2 3 4 5 6
100 11.549 3 59.802 2 60. 998 2 158.185 6 168.687 8 300.579 7
90/0/0/90/MFC 200 13.369 4 63.806 9 69.504 7 162. 862 3 171.410 6 304.121 7
300 14.888 2 66. 466 78.007 1 167. 360 6 173.873 3 307.365 7
100 13.422 7 60. 746 6 74.046 6 165. 548 207.530 3 317.289 4
0/0/90/90/MFC 200 15.069 1 70.299 9 76.394 9 170. 009 3 210.083 4 319.682 6
300 16. 495 6 78.622 3 78.702 6 174.313 4 211.794 7 323.198 7
100 15.355 7 64.346 5 80.453 5 171.294 2 214.366 7 326.454 2
0/90/0/90/MFC 200 17.441 7 77.602 1 83.415 8 178.107 9 215.447 8 331.169 8
300 19.219 6 86.361 9 88.897 8 184. 645 4 218.543 9 336.182 6
100 17.228 1 63.131 4 100. 682 6 182.484 7 283.868 2 378.918 3
0/90/90/0/MFC 200 18.581 2 72.392 8 102. 420 6 186. 583 3 285.441 1 381.626 3
300 19.812 2 80.593 1 104.131 4 190.599 3 287.181 8 384.418 7
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Tab.7 The first six natural frequencies of laminate with double-layer MFC under non-electricity condition Hz
. . HiT 6 B [ A 4%

RETA 1 2 3 4 5 6
MFC/90/0/0/90/MFC 9.422 6 52.632 2 59.334 6 166. 369 8 169.504 9 319.232 4
MFC/0/0/90/90/MFC 10.025 5 52.974 6 63.115 7 168.401 9 180.451 1 325.365 5
MFC/0/90/0/90/MFC 11.433 2 53.776 9 71.976 9 173.386 6 205.672 6 340.895 1
MFC/0/90/90/0/MFC 13.867 7 55.298 3 87.260 7 182.584 4 249.228 1 369.652 3
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Tab.8 The first six natural frequencies of laminate with double-layer MFC under electric condition Hz
Hi 6 B [ A 4%
i~ Uu/v
AR / 1 2 3 4 5 6
100 12.271 6 63.034 4 66.170 7 171.999 3 172.742 5 323.224 7
MFC/90/0/0/90/MFC 200 14. 410 3 66.501 5 77.373 6 176. 309 6 177.470 1 327.393 2
300 16.164 8 69.744 7 87.145 3 179.439 8 182.768 5 331.335 3
100 12.754 7 66.438 5 66.616 3 173.957 3 183.582 7 329.245 6
MFC/0/0/90/90/MFC 200 14. 849 2 69.909 1 77.595 7 179.373 3 186. 816 4 333.339 9
300 16.584 9 73.022 9 87.332 6 184.618 7 190.024 5 337.3859
100 14.828 2 71.275 2 81.674 1 194.935 5 227.632 2 376.972 8
MFC/0/90/0/90/MFC 200 16.727 0 81.784 1 84.394 0 199.790 9 230.444 5 380.555 2
300 18.362 1 87.006 6 91.085 4 204.535 3 232.789 6 384.131 8
100 15.989 7 68.314 3 89. 825 2 187.784 8 251.449 6 373.237 5
MFC/0/90/90/0/MFC 200 17.787 7 79.212 3 92.315 7 192.839 1 253.719 2 376.788 5
300 19. 362 4 88.776 4 94.723 2 197.771°7 256.172 9 380. 323 4
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Fig. 3 The first six natural frequencies of laminate with single-layer MFC under different ratio of length to width and
width to thickness
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Fig. 4 The first six natural frequencies of laminate with double-layer MFC under different ratio of length to width and

width to thickness
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