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®1 EEEBRAE(o=7/2)

Table 1  Frequencies of the rectangular plate (¢=m/2)
(1008 Sevon (Hz) Srem (Hz) FAXF 525 (00)

1 259.43 260. 24 0.311

2 892.41 884. 85 0. 854

3 1141.4 1136.8 0.405

4 2473.9 2460.0 0.565

5 2674. 1 2650. 9 0. 875

6 3558. 9 3545. 1 0. 389

7 4383.6 4369. 5 0.323

8 4431.1 4392. 4 0. 881
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Table 2 Natural {requencies of the anisotropic

rectangular cracked plate

By ¥4 @ Sfevom (Hz) Srem (Hz) *HXULI%?%(%)
0 368.53 371.92 0.911
/6 333.18 336. 61 1.019
1 By
/3 269. 06 268.02 0.388
/2 234. 40 236.97 1. 085
0 1476. 4 1476.7 0.020
2B /6 1277.0 1272.7 0.338
4 /3 981.59 984.72 0.318
/2 882. 74 884. 36 0.183
0 1493. 2 1508. 8 1.033
3t /6 1418. 8 1427.5 0. 609
a3 118803 1180. 9 0. 627
/2 1048. 9 1048. 4 0.048
u/m
0.1323
0.1190
0.1058
0.0926
0.0794 2
0.0661 F
0.0529
0.0397
0.0265
0.0132
0.0000

0.0000

u/m

0.1060
0.0954
0.0848
0.0742
0.0636
0.0530
0.0424
0.0318
0.0212
0.0106
0.0000

u/m
0.1534
0.1380
0.1227
0.1073
0.0920
0.0767
0.0613
0.0460
0.0307
0.0153

0.0000

(b) 55 =B
(b) Second-order

u/m
- 0.1026
0.0923
0.0821
0.0718
0.0616|
0.0513
0.0410
0.0308
0.0205
0.0103
0.0000

(c) B=/
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0.0000

(a) B—H
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Fig. 6 First 3 order displacement modes of the anisotropic cracked plate under off-angle p=m/3

(PDOM results on the left, FEM results on the right)
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Table 3 Natural frequencies of the anisotropic

rectangular plate with a hole

B 7 S S LA L & B £ @ Seoom (Hz)  frem (Hz)  FAXFIR 22 (%)
Fig. 7 Geometry conditions of anisotropic rectangular 0 387. 88 387.03 0.220
plate with a hole
/6 352.15 352.69 0.153
1 Br
T 3BT E LRI o= 0,7/6,7/3,1/2 /3 283. 87 285.10 0.431
T RT3 B B RS PDOM F FEM 3845 5. x/2 25129 253.05 0.696
oI AT BT 3 Y F1 8RB A A R 2 S
0.696% AL EERYE FEM & EY &. K
s [N x/6  1238.1 1236. 6 0.121
84y T LAY T 3 B i B A AE »=0. 07 m, 2 B
0<"¢<"n AL/} %7 1y FEM 5 PDOM %5 8 45 % % 1. n/3 942. 66 940. 47 0.233
KO 2ot T FLARAEAS [A) D FR B9 S 3 B (L BB A2 ©/2  834.08 832.01 0.249
£ r=0.07 m,0<p=<m AbI3 47 1) FEM 5 PDOM %% 0 1591. 6 1584.0 0. 480
HE X WTRLE W EEmMA ¢ ==/2 fHOLF 1
. L x/6  1459.2 1455. 5 0. 254
3R AL A AS w, RO B [ A BB S wy ) PDOM 3B
5 FEM 45 34— 80 MM o= 0,7/6.7/3.7/2 x/3  1263.0 1262. 2 0.063
T 3 R L A B w, R 1 BB AS wy 1Y x/2  1160.0 1161. 2 0.103
PDOM 5 FEM Z5 5L 4. 16 10 258 7wl ¢ =n/6
0.10 0.1
L A"Q_ First-orderFﬂ PDO‘I'\/I
0'08_ 8 Second-order «eseees a 0.0F..o — 44
0.06 Y Third-order == = - '-'%WMM...A--A"'A"A"
L * . -~ ~
= N
& 2+ N
= 'Q
- FEM PDOM %
First-order e o N\
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" 1 " 1 L 1 I i I 1 I 1 I 1 I '\
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Fig. 8 First 3 order displacement modes obtained with FEM and PDOM at r=0.07 m (¢p=mx/2)
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ulm ulm
0.1319 0.1340
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0.0000 0.0000
(b) B =Hr
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u/m u/m
0.1597 1593
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0.0958 0.0956
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Fig. 10 First 3 order displacement modes of the anisotropic plate with a hole under off-angle ¢=m/6

(PDOM results on the left, FEM results on the right)
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Free Vibration Analysis for Anisotropic Plates Based

on Peridynamic Operator Method

Yanzhou Lu Zhiyuan Li Dan Huang Xuehao Yao
(Department o f Engineering Mechanics, Hohai University, Nanjing, 211100)

Abstract Anisotropic materials find widespread applications across various engineering domains. The
investigation on vibrational properties of anisotropic materials holds significance for structural vibration
mitigation and safety design. This paper introduces a novel approach, the peridynamic operator method
(PDOM), to construct a non-local anisotropic model and applies it to the analysis of free vibrations in ani-
sotropic plates. The model incorporates the unique feature of PDOM, which transforms local differentials
and their products into non-local integrals, thereby reformulating the strain energy density from its local
form to a non-local form within classical anisotropic theory. Additionally. the paper employs a variational
principle and introduces the free vibration equation to develop a PDOM solution for anisotropic free vibra-
tion problems. Three numerical examples are provided, including the free vibrations of a thin anisotropic
rectangular plate, an anisotropic rectangular plate with cracks, and an anisotropic rectangular plate with
holes. The results are compared with finite element results, showcasing the model’s convergence, stabili-
ty, and high computational accuracy in dealing with free vibrations of anisotropic plates with defects and
discontinuities.

Key words f[ree vibration, anisotropic, PDOM, non-local, variational principle





