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K2 AVZO, AERERLY] 077 FLAR fi] S R B9 A PR T R

e ik &=0.5 =1 &=5 &=10 2=100
1 Quasi-3D IGAP" 9.1810 8.9700 9.1430 9.1210 8.5360
Present 9.2237 8.9712 9.1462 9.1252 8.5385
5 Quasi-3D IGAP" 11.4340 11.2260 10.5920 10.3800 10.1100
Present 11.3248 11.2260 10.5926 10.3813 10.1104
; Quasi—3D IGA®” 12.0950 11.8170 11.9760 11.9410 11.2160
Present 12.1483 11.8174 11.9782 11.9445 11.2188
A Quasi-3D IGA®” 12.0960 11.8170 11.9760 11.9410 11.2170
Present 12.1483 11.8174 11.9782 11.9445 11.2188
s Quasi-3D IGA® 15.4490 15.0930 15.2280 15.1760 14.2970
Present 15.5151 15.0930 15.2291 15.1802 14.3002
6 Quasi-3D IGA® 31.1750 30.4550 29.7480 29.1550 28.3960
Present 31.3071 30.4747 29.7487 29.1559 28.3955
; Quasi-3D IGA®" 32.1130 31.5280 29.7490 29.1550 28.3960
Present 31.7984 31.5279 29.7487 29.1559 28.3955
o Quasi-3D IGAP" 32.1130 31.5280 30.8000 30.7040 28.8790
Present 31.7984 31.5279 30.8208 30.7292 28.9036
0 Quasi-3D IGAP" 36.6720 35.8250 36.1210 35.9960 33.9250
Present 36.8398 35.8549 36.1513 36.0342 33.9612
0 Quasi-3D IGAP" 36.6730 35.8250 36.1210 35.9960 33.9250
Present 36.8398 35.8549 36.1513 36.0342 33.9612
23 AVZrO, DUAEIEAL Y] 117 FLAR [ S0 BT 1 [ R To i AR
BT VIRV 2=0.5 2=1 =5 2=10 2=100
X Quasi-3D IGA® 25.3510 24.7640 24.9170 24.8220 23.4330
Present 25.5210 24.8262 24.9864 24.8980 23.4939
5 Quasi-3D IGA®" 25.4250 24.8360 24.9810 24.8870 23.4950
Present 25.5943 24.8985 25.0449 24.9551 23.5563
; Quasi-3D IGA®" 25.4370 24.8490 25.0050 24.9130 23.5120
Present 25.5943 24.8985 25.0449 24.9551 23.5563
A Quasi-3D IGA®" 25.5110 24.9220 25.0590 24.9650 23.5720
Present 25.6685 24.9718 25.1041 25.0129 23.6194
s Quasi-3D IGAP" 58.3280 56.9700 56.7990 56.5350 53.6885
Present 58.6841 57.1435 56.9669 56.7166 53.8532
6 Quasi—3D IGA® 59.3040 57.9200 57.6890 57.4160 54.5540
Present 59.6692 58.1055 57.8851 57.6283 54.7430
; Quasi—3D IGA®” 59.3620 57.9850 57.8070 57.5430 54.6360
Present 59.6692 58.1055 57.8851 57.6283 54.7430
o Quasi-3D IGA® 60.5200 59.1120 58.8590 58.5830 55.6670
Present 60.8314 59.2403 58.9689 58.7048 55.7932
0 Quasi-3D IGA® 74.3300 72.5850 71.8300 71.4420 68.1730
Present 74.6406 72.7272 72.0209 71.6679 68.3420
uasi— - o . . . .
0 Quasi-3D IGA®” 74.6470 72.8980 72.1810 71.8050 68.4760
Present 74.9656 73.0464 72.3125 71.9566 68.6322
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K4 AVZO, = AEMRY] 077 FUAR ] SR B9 A PR T R

i) Tk 2=0.5 &1 &=5 =10 2=100
X Quasi-3D IGA® 7.4410 7.2690 7.4060 7.3880 6.9160
Present 7.4307 7.2260 7.3632 7.3459 6.8760
5 Quasi-3D IGAP" 10.7700 10.5220 10.6640 10.6330 9.9880
Present 10.8206 10.5264 10.6694 10.6394 9.9931
; Quasi-3D IGAP" 12.0970 11.8180 11.9680 11.9310 11.2140
Present 12.1262 11.7941 11.9455 11.9111 11.1932
A Quasi-3D IGA®” 17.0780 16.7670 15.8200 15.5040 15.1010
Present 16.9645 16.8168 15.8680 15.5515 15.1455
s Quasi—3D IGA® 20.2810 19.8130 20.0630 20.0010 18.8000
Present 20.4598 19.9039 20.1606 20.1033 18.8911
6 Quasi—3D IGA®! 24.6430 24.0750 24.3440 24.2670 22.8280
Present 24.7128 24.0420 24.3180 24.2458 22.8045
; Quasi—3D IGA®! 31.2920 30.7210 28.9890 28.4100 27.6700
Present 31.1245 30.8590 29.1197 28.5390 27.7941
o Quasi-3D IGA®) 31.8660 31.1320 31.3720 31.2600 29.4740
Present 32.1359 31.2625 31.5149 31.4127 29.6095
0 Quasi-3D IGA®! 33.4820 32.7080 33.0270 32.9190 30.9970
Present 33.4461 32.5473 32.8656 32.7653 30.8528
0 Quasi-3D IGAP" 38.7940 38.0880 35.9400 35.2220 34.3020
Present 38.5162 38.1790 36.0262 35.3073 34.3844

5 AVZO, =FEIRY) F 7 FLAR S AR B A R JC i 4040 %

i8] ik 2=0.5 =1 =5 =10 2=100
| Quasi-3D IGAP" 18.3520 17.9290 18.1310 18.0740 17.0030
Present 18.3257 17.8212 18.0183 17.9621 16.8991

5 Quasi-3D IGAP" 20.7680 20.2890 20.4440 20.3720 19.2090
Present 20.8216 20.2524 20.4035 20.3338 19.1743

; Quasi-3D IGA® 27.5190 26.8830 27.0910 26.9960 25.4540
Present 27.7334 26.9801 27.1716 27.0765 25.5394

. Quasi—3D IGA® 35.9300 35.0990 35.2120 35.0720 33.1660
Present 36.2596 35.2860 35.3779 35.2412 33.3373

s Quasi—3D IGA®! 37.2880 36.4260 36.5080 36.3600 34.4050
Present 37.4559 36.4499 36.5246 36.3832 34.4308
6 Quasi—3D IGA® 46.2000 45.1300 45.1640 44.9740 42.5970
Present 46.1927 44.9582 44.9740 44.7948 42.4382
; Quasi-3D IGA® 47.3520 46.2550 46.2240 46.0230 43.6310
Present 47.7286 46.4575 46.4017 46.2078 43.8197
o Quasi-3D IGAP" 54.5660 53.3000 53.2040 52.9680 50.2520
Present 54.5977 53.1510 53.0313 52.8087 50.1152
0 Quasi-3D IGAP" 61.6020 60.1700 59.8910 59.6080 56.6560
Present 61.4117 59.8036 59.4913 59.2257 56.3129
0 Quasi-3D IGAP" 62.8010 61.3430 61.0160 60.7220 57.7410
Present 63.0656 61.4071 61.0484 60.7690 57.8024

K6 1817 R 124 g=1 I, RIS ZAE T R SRR Z AR AR B 5 i B J
XoF ;AT 6 B F RS (h/L=0.05) . NI AT LA
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(a) Mode 1 (b) Mode 2
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(e) Mode 5 (f) Mode 6
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T 6 MR AR 2

2.3 MipiEY O R
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(a) Mode 1 (b) Mode 2
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il 6 B4l sh AR A

I d |
d
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6 AUZrO, VULEIRAIY) F 5 FLAR [F 3230 5 i JC 1 49 500
WD Jrid 2=0.5 =1 &=5 =10 2=100
0.02 Quasi-3D IGAP” 43.0932 42.1749 42.8777 42.7067 39.9654
: Present 43.5820 42.3645 43.0986 42.9882 40.2803
0.04 Quasi-3D IGAP” 41.0441 40.1587 40.4377 40.2549 37.9092
‘ Present 41.5819 40.4528 40.7805 40.6414 38.3069
0.08 Quasi-3D IGAP" 35.9988 35.2061 347164 34.5229 32.9550
' Present 36.4731 35.5514 35.0823 34.8879 33.3399
ol Quasi-3D IGAP" 33.5662 32.8209 32.0726 31.8823 30.6137
: Present 33.9088 33.0822 32.3394 32.1271 30.8883
0o Quasi-3D IGAP" 242619 23.7186 22.5266 22.3712 21.8791
: Present 23.8424 23.3369 22.1356 21.8991 21.4598
03 Quasi-3D IGAP” 18.6473 18.2425 17.1256 16.9975 16.7447
: Present 17.8210 17.4778 16.3621 16.1415 15.9446
T AUZO, AL ) O R ALAR [ St AT Y 8 AVZrO, =ALALY) 1 7 FLAR ] S 2 R 1Y
1 P JC i 4955 PR 0 i 4955
L =05 =1 2=5 =10  g=100 R e=0.5 =1 =5 =10 =100
1 403737 39.2968 39.4069 39.2526 37.1238 1 77114 75023  7.6419  7.6236  7.1372
2 404340 39.3563 39.4557 39.3003 37.1753 2 12.8022 124610 125663 125253 11.8030
3 404340 39.3563 39.4557 39.3003 37.1753 3 12.8022 124610 125663 12.5253 11.8030
4 404950 39.4163 39.5049 39.3485 37.2274 4 182521 17.7781 17.8242 17.7589 16.7998
5 774748 754983 74.8898 745192 70.9793 5 21.8564 21.6448 20.4293 20.0202 19.4942
6  78.8658 76.8588 76.1779 75.7972 72.2335 6  23.1504 229532 21.6573 212277 20.6772
7 78.8658 76.8588 76.1779 75.7972 72.2335 7 251830 249611 23.5537 23.0849 22.4836
8  80.7403 78.6926 77.9136 77.5201 73.9248 8 251830 249611 235537 23.0849 22.4836
9 948802 924931 91.1684 90.6563 86.6973 9 34.0262 33.1252 33.4170 327498 31.3830
10 99.8410 97.3418 95.8001 95.2539 91.1839 10 357363 354135 33.4297 329922 31.8943
(a) Mode 1 (b) Mode 2 (a) Mode 1 (b) Mode 2

(¢) Mode 3 (d) Mode 4 (¢) Mode 3

(d) Mode 4

(e) Mode 5 (f) Mode 6 (e) Mode 5 (£) Mode 6
9 i3 ST AVZO, PULERIL Y] 1 [ 4z F10 5% R F AUZeO, PAER ) O bR
1y 6 B i s iids 1] 6 B IR B
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Isogeometric analysis for free vibration of functionally graded plates
with complex cutouts using spectral displacement formulation

YANG Shaowei', SUN Xianbo', CAI Zhigin", LU Hailong', YANG Zhixun®

1. Department of Engineering Mechanics, Dalian University of Technology, Dalian 116024, China

2. College of Mechanical and Electrical Engineering, Harbin Engineering University, Harbin 150001, China

Abstract This paper aims to analyze the free vibration response of functionally graded plates with complex cutouts. An
isogeometric analysis method based on a novel quasi—three-dimensional higher—order shear deformation theory called the
spectral displacement formulation (SDF) is employed to predict the free vibration characteristics of the plates. The SDF can deal
with the three—dimensional elasticity solution and naturally avoid the shear-locking problem, making it suitable for plates with
varying thicknesses. The governing equations for free vibration of the plates are derived using the D’Alembert principle and the
principle of virtual work, and the equations are discretized using isogeometric method. The results of several numerical examples
are compared with existing reference solutions. It is concluded that the proposed analysis method can accurately and effectively
analyze the free vibration of functionally graded plates with complex cutouts.

Keywords functionally graded plate; cutout; spectral displacement formulation; isogeometric analysis; free vibration
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