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Fig.1 Schematic diagram of the curved shell and the mapping based on the convected coordinate system
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Table 1 Comparison of the first ten orders of frequency of the flat plate (Hz)

W % ABAQUS AU (11X11) W% W % ABAQUS A JCH#(11X11D) W
1 405. 1 405. 1 0.01% 6 1288. 2 1289.1 0.07%
2 772.7 773.2 0.06% 7 1534. 2 1532.1 0.14%
3 772.7 773.2 0.06% 8 1534. 2 1532.1 0.14%
4 1083.0 1083. 4 0.03% 9 1543. 2 1544. 8 0.11%
5 1276.0 1277.2 0.09% 10 1543. 2 1544. 8 0.11%
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(b) IEZPkF72E (Sinusoidal pulse loading)
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Undamped midpoint deflection of a flat plate under impulsive loading
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Fig. 4 Flat plate with damped mid-point deflection under impulse loading
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Table 2 Frequency comparison of the first ten orders of the inclined plate (Hz)

[ ABAQUS AL (11X11) R i % ABAQUS  AIC# (11X 11) i 2%
1 303.7 303.8 0.03% 6 1161. 8 1160. 0 0.16%
2 501.9 501.6 0.06% 7 1316.0 1312.5 0.26%
3 756. 2 755.0 0.16% 8 1511.6 1510.5 0.07%
4 921.9 920.9 0.11% 9 1514.9 1510.9 0.26%
5 1038.0 1035. 8 0.21% 10 1613. 4 1608. 3 0.32%
T T T T T 015 C T T T T T o
0.02 —F—ABAQUS (154097 £ ) _ [
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Fig. 6 Undamped midpoint deflection of inclined plate under impulse loading
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Table 3 Comparison of the first ten orders frequency of the roof shell (Hz)
(554 ABAQUS AR ICf (15X 15) W (51813 ABAQUS A JCf#(15X15) %
1 137.7 137.4 0.28% 6 455.9 459. 3 0.74%
2 174. 1 176. 1 1.14% 7 621.1 616. 4 0.75%
3 343.5 342. 0 0.44% 8 669. 0 671.1 0.32%
4 395.7 395.5 0.05% 9 678. 6 675.4 0.47%
5 447, 2 446. 0 0.27% 10 867.1 865. 8 0.15%
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Fig. 9 Undamped mid-point deflection of the roof shell under impulsive loading
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Fig. 10 Roof shell with damped mid-point deflection under impulse loading
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Table 4 Comparison of the first ten orders of frequency of hyperbolic flat shell (Hz)

[ ABAQUS AR ICF (15X 15) w2 (8¢ ABAQUS AL (15X15) 2
1 475. 6 476. 0 0.08% 6 802.9 804. 4 0.18%
2 521.1 521.4 0.06% 7 939.9 941. 2 0.14%
3 521.1 522.5 0.27% 8 939.9 942. 0 0.23%
4 676.9 678.0 0.17% 9 1147.3 1149. 1 0.16%
5 781.5 783.0 0.19% 10 1147.3 1151.1 0.33%
0.02 0.3 T T - : - : : I . .
0.00 0.2
—0.02 0.1
g —0.04 ,é\ 0.0
by by
—0.06
—0.1
—0.08 —+— ABAQUS (360577 4) 1
- %= AR (TXTHR) —0.2 |~ % AR (TXTHA) 4
—— ARE (1IX11H ) —— AR (11X K)
—0.10 —— AR (15X157 5) E —¥— AR (15X159 )
00 10 20 30 40 50 60 030 T 10 20 30 40 50 60
£ (107%) ¢ (107%)
(a) JEF Bk ik (Rectangular pulse load) (b) IERZPk 2 (Sinusoidal pulse loading)
B 12 X e 5e e WK b g 204 R JGRELR s B
Fig. 12 Undamped midpoint deflection of hyperbolic flat shell under impulsive loading
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Fig. 13 Hyperbolic flat shell with damped midpoint deflection under impulsive loading
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(a) Schematic diagram of corrugated plate section (b) Meshfree model of corrugated plate
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Fig. 14 Profile and meshless models of corrugated plate
x5 RGBT BSTEIT L (Hz)
Table 5 Comparison of the first ten orders of frequency of corrugated plate (Hz)

W% ABAQUS A% (15X 15) B2 B % ABAQUS A JCf#(15X15) W2
1 242.7 246.6 1.59% 6 1321.0 1321.7 0.06%
2 487.3 489. 2 0.40% 7 1615.5 1609.7 0.36%
3 837.4 840. 7 0.40% 8 1680. 1 1675.0 0.30%
4 1101.5 1107.0 0.50% 9 1830.0 1825.5 0.25%
5 1274.1 1277. 4 0.26% 10 1840.7 1833.5 0.39%
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Fig. 15 Undamped mid-point deflection of corrugated plate under impulse loading



. 250 CISEEE 2R L%
T T T T T T T T T T 009 T T T K T T
0.00 k —+—ABAQUS (2919395 %) .
- x- AR (TXTH ) 0.06 7
—0.01 - —— AR (11X1195 ) -
—x— A3 (1SX15H ) 0.03 7
—0.02 | </
0.00 T
T —0.03 F B
° 3 —0.03 T
—0.04 N
—0.06 - —+— ABAQUS (29193% & )\
—0.05 L - %= AIFE (TXTHR)
—0.09 | —— AR 3CAF (11X117 85
006 - > | L —— A ICE (15X 1595 4)
; : L : —0.12 L L : :

£ (107%)
(a) 4B ik vh 7 2R (Rectangular pulse load)

1
0.0 1.0 2.0 3.0 4.0 5.0 6.0

1
0.0 1.0 2.0 3.0 4.0 5.0 6.0
£ (107%)
(b) IEZPk#7Ek (Sinusoidal pulse loading)

Bl 16 SO bk ob i 2804 T A B S 5

Fig. 16 Corrugated plate with damped mid-point deflection under impulse loading
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Forced Vibration Analysis of Arbitrary Shells Based
on 3D Continuous Shell Theory and Meshless Method

Linxin Peng'** Jianfei Zhang' Wei Chen’
(" School of Civil Engineering and Architecture , Guangxi University , Nanning, 530004)
(*Guangxi Key Laboratory of Disaster Prevention and Engineering Sa fety ., Guangxi University, Nanning, 530004)

(*School of Civil Engineering , University of South China, Hengyang, 421001)

Abstract Shell structures are widely used in engineering, especially in aerospace and civil engineer-
ing. As a result, the study on dynamic behaviors of shell structures is crucial for engineering applications.
Over the years, shell theory has undergone continuous improvement and development, leading to analytical
solutions for specific shell structures. However, solving analytical solutions for complex shell structures
with intricate shapes becomes highly challenging and even unattainable. Therefore, numerical methods like
the finite element method (FEM) and the meshless method are employed for further solutions. The mesh-
less method is a powerful complement to FEM, relying solely on nodal information for the formation of
shape functions and enabling easy construction of higher-order smooth approximations. Consequently, it
naturally holds an advantage in the numerical analysis of plate shell structures. Based on the 3D continuous
shell theory and the moving least-squares (MLS) approximation, a meshless model for arbitrary shells is
established in this paper. The MLS approximation is used not only for geometric surface interpolation, but
also for displacement field approximation. The meshless equation governing the forced vibration of arbi-
trary shells is derived under Hamilton’ s principle and solved using the time-domain implicit Newmark
method. The full transformation method is used to impose the essential boundary conditions. The code for
the proposed method is developed in the MATLAB platform and used to compute several representative
shell examples, obtaining the first ten natural frequencies of each shell type and the time history deflection
at the center point under different pulse loads, considering both with and without damping. The calculated
results are compared with ABAQUS solutions to verify the effectiveness and accuracy of the presented
method. When using the meshless method to solve the forced vibration of arbitrary shell structures, it
does not rely on grid partitioning. This enables effective analysis of various shell structures with different
shapes, showcasing its strong adaptability and vast potential for applications.

Key words 3D continuous shell theory, arbitrary shell, forced vibration, meshless method, full

transformation method





