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The schematic diagram of a cracked pre-twisted shell

Fig. 1

model
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Fig.2 The model of a cracked pre-twisted shell model based
on XIGA method
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Tab.1 Material properties of FG cracked pre-twisted

shells
R E/GPa © o/(kg-m™?)
Steel 221 0.3 7850
Al 70 0.3 2702
ALO, 380 0.3 3800
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Tab.2 Convergence of the first three order natural frequencies of a steel cracked pre-twisted shell

o Ifi] A5 434 /Hz

m%‘; 20% 10 36X 18 50X 25 ANSYS2D ff &
B, =0 FRE ,=0.3b LB ;=0 FHE ,=0.30 THL ;=0 HRE ,=0.3b TR ;=0 HHE ,=0.3b

1M 55.107 54.603 55.026 54.853 55.013 54.841 54.844 53.719

2B 302.75 267.27 302.42 266.47 302.36 266.39 302.75 268.56

3B 32071 278.23 320.05 280.63 319.95 280.42 319.23 283.89
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Tab.3 Nonlinear frequency ratios of Steel/ Al,O,cracked pre-twisted shell with different functional gradient index

no BHHR w, /He !
W, /h=01 W, /h=05 W, /h=1 W, /h=15 W, /h=2 W, ./ h=25 W, /h=3

0.1 96.2887 1.0005 1.0148 1.0529 1.1116 1.1818 1.2676 1.3533

0.5 81.2186 1.0005 1.0152 1.0535 1.1127 1.1848 1.2711 1.3573

1.0 73.4892 1.0005 1.0150 1.0533 1.1123 1.1844 1.2690 1.3538

2.0 67.4891 1.0005 1.0146 1.0520 1.1097 1.1806 1.2633 1.3458

5.0 62.3843 1.0005 1.0139 1.0503 1.1064 1.1753 1.2555 1.3346
10.0 59.6736 1.0005 1.0139 1.0502 1.1062 1.1749 1.2551 1.3340
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Fig. 7 Frequency ratios of Steel/AlLO; cracked pre-twisted

n

shells with different crack depth
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Tab.4 Nonlinear frequency ratios of Steel/Al,O, cracked pre-twisted shells with different crack length
B WG Wo/h —55 0.26 05 0.4b 0.56
0.5 1.0098 1.0111 1.0150 1.0169 1.0199
05L 1.0394 1.0406 1.0533 1.0567 1.0627
2 1.1678 1.1704 1.1844 1.1941 1.2071
3 1.3329 1.3414 1.3538 1.3680 1.3865
0.5 1.0095 1.0098 1.0104 1.0111 1.0121
0.2L 1.0383 1.0395 1.0416 1.0445 1.0484
1.1664 1.1696 1.1811 1.1915 1.2065
3 1.3447 1.3614 1.3700 1.3905 1.4169
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Tab.5 Frequency ratios of Steel/ A1,O;cracked pre-twisted shells with different crack locations

T . v
UOALE ¢ KB 0. /He W./h=0.1 W,./h=05 W, /h=1 W, /h=15 W, /h=2 W,./h=2.5 W,./h=3
0.2 71.2223 1.0004 1.0104 1.0416 1.1099 11811 1.2630 1.3700
0.3L 72.4062 1.0004 1.0147 1.0428 1.1122 1.1842 1.2668 1.3712
0.4L 72.8692 1.0005 1.0151 1.0540 1.1143 1.1869 1.2692 1.3717
0.5L 73.4892 1.0005 1.0150 1.0533 1.1123 1.1844 1.2690 1.3538
0.6L 73.9490 1.0005 1.0105 1.0410 1.1089 1.1777 1.2625 1.3460
0.7L 74.0194 1.0005 1.0063 1.0406 1.1072 1.1754 1.2614 1.3449

Ui BN, X A AR 0 5 T i R KA o SR T AR L
Wit ¢ S 7 B 1 AR A 5 L AR AR N ], 25 SR R
# e/ L=0.4) I, J5 3 [k B fe K, 98 )5 Bl A L 2L
T I E S 5 3T, A0SR EG I AT DD

B a , AR SCIRTE T e R B X T4/ 0 S B
HFLSEMR LIS . 413 6 s IR FEA 0% IR

14 T A A2 AT B 22 9 Bl B AR R A/
LT 7 Y AR LR LEAR 238/ o TR 2R AR
By SRR R A S B T A A R T IR B9
HRPEIAR L y=wi/ @, , AT RIAE LA R A6 I8t 2 B
& TUHL AR A0 B A ORI/ o BT AF AR I B A 2
AR IR A o e M 01 A TR LU AR 52 e ML AR o
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Tab. 6 Frequency ratios of Steel/Al,0,cracked pre-twisted shells with different pre-twisted angles

Ror WM/ LR

Y

K ) w/Hz W, /h=01 W, . /h=05 W, /h=1 W, /h=15 W, /h=2 W, /h=25 W, /h=3
0 72.0229 1.0006 1.0152 1.0580 1.1213 1.1979 1.2814 1.3687
¢,=0.30 15 71.8331 1.0005 1.0151 1.0545 1.1147 1.1888 1.2695 1.3546
30 69.4892 1.0005 1.0150 1.0533 1.1123 1.1844 1.2690 1.3538
0 73.3878 1.0005 1.0139 1.0534 1.1128 1.1859 1.2673 1.3538
= 15 73.3853 1.0004 1.0127 1.0495 1.1054 1.1745 1.2521 1.3361
30 72.3753 1.0004 1.0092 1.0370 1.0900 1.1644 1.2367 1.3246
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SURY AR FE AR AL R A R BORIK T 8 7 Al A
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o ¥ T AU Ty m L ke T A RO T
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JE 8 O T IR W 41 2l i) 4 250 $0UHH 7 41 28 L 1Y 52 i)
AL . B XA SCHIE 5 %) $ 4 7e A 8, 1) e A EE 48 4K
XoF T 28 P BT 23 1 5 ) 2 B Y TG T R L Y 5
PR PO I EA N S N T e N
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Nonlinear vibration characteristic analysis of a cracked pre-twisted shell

ZHONG Sai-feng', JIN Guo-yong', HE Tao®*, YE Tian-gui'
(1.College of Power and Energy Engineering, Harbin Engineering University , Harbin 150001, China;
2.Wuhan Second Ship Design and Research Institute, Wuhan 430205, China)

Abstract: This paper establishes the governing equations of the nonlinear vibration of a functionally graded shell with a crack,
based on the extended isogeometric analysis (XIGA) and the first-order shear deformation theory. The study investigates the ef-
fects of the crack on the nonlinear vibrational frequency ratio of the model, taking into account large amplitude vibrations. Enriched
functions, which represent displacement changes, are used to describe the position and length of the crack. This approach enhances
calculation accuracy and avoids mesh refinement at the crack. The nonlinear governing equation is solved using the direct iteration
method, and its correctness is validated by comparing the results with existing literature. The study further explores the effects of
the pre-twisted angle, crack location, crack length and material variation parameters on the nonlinear vibration characteristics of the

pre-twisted shells with cracks.

Key words: nonlinear vibration; functionally graded materials; cracked pre-twisted shell structure; extended isogeometric analysis;

first-order shear deformation theory
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