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Figure 1 (Color online) An analytical model of fiber-reinforced
composite cylindrical shells subjected to low-velocity impact.
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Figure 2 (Color online) Analysis flow chart for low-velocity impact
characteristics of composite cylindrical shells.
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Table 1 Comparison of the impact contact force and displacement
peak values of composite cylindrical shells under different low-velocity
impacts calculated by this model and the finite element model

W Foo Foy Reor W W Ry
(m/s) (kN)  (kN) (%) (mm)  (mm) (%)
5.3 2.3 2.1 8.6 4.2 45 7.1
7.6 42 3.9 7.1 7.7 7.2 6.4
9.8 6.5 5.9 9.2 9.5 8.5 10.5

F 2 AR PR ICEAL SN BT S BN AE . CPUfEH]
AN LI 1] ) LR

Table 2 Comparison of memory, CPU usage and calculation time
occupied obtained by this model and the finite element model

251 WAE (MB)  CPUMEA# (%) TH5ESE (min)
fAHTIZ: 1257 26.5 3
AR 2530 82.9 30

5 Z5ig

AR TARE PRl T AR 4R R A R
TR R AT RS, JRER T — BT b
TRFESR TN 2540 P o Bk R B - B h 2. 43 3
TEARF P EE R AP E N, SR AbaqusiK Xt
FERUHEAT 7 IAERE 5T, BAESs R, R3S
{18 B A b e B g R o 57 6 i 92 P i 22 2 ) AN e et
11.5%F110.5%, AbT THEMN A2 f3EE M. AL
JIT ST (PR S AR SR T 1, WO R R 5T
SER ) EhAS phh 1] R TR A — PR BB R T B

1 LiH, Sun W, Xu Z, et al. Methods for Vibration Testing and Analysis of Fiber-reinforced Composite (in Chinese). Beijing: China Machine Press,
2019. 78-79 [A=WE, #MT, Vrat, &5, A4S A MRIRSMA S 28T A%, dEnt: HUR Dk H R, 2019, 78-79]
2 Li H, Wang X, Hu X, et al. Vibration and damping study of multifunctional grille composite sandwich plates with an IMAS design approach.

Compos Part B-Eng, 2021, 223: 109078

3 LiH, Lv H, GuJ, et al. Nonlinear vibration characteristics of fibre reinforced composite cylindrical shells in thermal environment. Mech Syst

Signal Pr, 2021, 156: 107665

4 LiH, Lv H, Sun H, et al. Nonlinear vibrations of fiber-reinforced composite cylindrical shells with bolt loosening boundary conditions. J Sound

Vib, 2021, 496: 115935

87


https://doi.org/10.1016/j.compositesb.2021.109078
https://doi.org/10.1016/j.ymssp.2021.107665
https://doi.org/10.1016/j.ymssp.2021.107665
https://doi.org/10.1016/j.jsv.2021.115935
https://doi.org/10.1016/j.jsv.2021.115935

ZE AT SE: B TVA RO R ph o RV AR TO B ) A AR T

10

11

14

15

18
19

20

21

22

23

24

25

26

27

28

88

Zhu S, Chai G B. Low-velocity impact response of fibre-metal laminates—Experimental and finite element analysis. Compos Sci Tech, 2012, 72:
1793-1802

Molyneaux T C K, Li LY, Firth N. Impact responses of circular cylindrical shells under explosive loading. Adv Eng Software, 1993, 18: 7-13
Vaziri R, Quan X, Olson M D. Impact analysis of laminated composite plates and shells by super finite elements. Int J Impact Eng, 1996, 18: 765—
782

Krishnamurthy K S, Mahajan P, Mittal R K. A parametric study of the impact response and damage of laminated cylindrical composite shells.
Compos Sci Tech, 2001, 61: 1655-1669

Krishnamurthy K S, Mahajan P, Mittal R K. Impact response and damage in laminated composite cylindrical shells. Compos Struct, 2003, 59:
15-36

Fan F, Wang D Z, Zhi X D, et al. Performance for kiewitt8 single-layer reticulated domes subjected to impact load (in Chinese). Eng Mech, 2009,
26: 75-81 [V, ELH, SR, 55, KM R IR M e rh drfs R REWT . T2 /12, 2009, 26: 75-81]

Kim E H, Lee I, Hwang T K. Low-velocity impact and residual burst-pressure analysis of cylindrical composite pressure vessels. AIAA J, 2012,
50: 2180-2193

Choi I H. Geometrically nonlinear transient analysis of composite laminated plate and shells subjected to low-velocity impact. Compos Struct,
2016, 142: 7-14

Choi I H. Low-velocity impact response analysis of composite pressure vessel considering stiffness change due to cylinder stress. Compos Struct,
2017, 160: 491-502

Choi I H. Finite element analysis of low-velocity impact response of convex and concave composite laminated shells. Compos Struct, 2018, 186:
210-220

Khaire N, Tiwari G. Ballistic response of hemispherical sandwich shell structure against ogive nosed projectile. Thin-Walled Struct, 2020, 154:
106869

Yang J S, Zhang W M, Yang F, et al. Low velocity impact behavior of carbon fibre composite curved corrugated sandwich shells. Compos Struct,
2020, 238: 112027

Xie Z M, Wan Z M, Du X W. Simplified analysis of composite cylindrical shells subjected to low velocity impact (in Chinese). Acta Mater
Compos Sin, 2000, 17: 87-91 [WE R, FE8, #LE . RHEME N E S EHER: R E /8. E6M kAR, 2000, 17: 87-91]

Zhao G P, Cho C D. Damage initiation and propagation in composite shells subjected to impact. Compos Struct, 2007, 78: 91-100

Jing L, Wang Z, Zhao L. An approximate theoretical analysis for clamped cylindrical sandwich shells with metallic foam cores subjected to
impulsive loading. Compos Part B-Eng, 2014, 60: 150-157

Rafiee R, Ghorbanhosseini A, Rezaee S. Theoretical and numerical analyses of composite cylinders subjected to the low velocity impact.
Composite Struct, 2019, 226: 111230

LiZL, LiH, Wang D S, et al. A dynamic response prediction model of fiber-metal hybrid laminated plates embedded with viscoelastic damping
core under low-velocity impact excitation (in Chinese). Chin J Theor Appl Mech, 2020, 52: 16901699 [Z=I| 5k, 220, TR T, 25, (KPP
Ja R RN R B B T2 2 T4 < TR VR R 2 A AR S A R S IR, 72724, 2020, 520 1690-1699]

Li H, Xue P, Guan Z, et al. A new nonlinear vibration model of fiber-reinforced composite thin plate with amplitude-dependent property.
Nonlinear Dyn, 2018, 94: 2219-2241

Li H, Xue P, Zhang T, et al. Nonlinear vibration study of fiber-reinforced composite thin plate with strain-dependent property based on strain
energy density function method. Mech Adv Mater Struct, 2020, 27: 761-773

Hayes R L, Ho G, Ortiz M, et al. Prediction of dislocation nucleation during nanoindentation of Al;Mg by the orbital-free density functional
theory local quasicontinuum method. Philos Mag, 2006, 86: 2343-2358

Zhang S Y, Tsai L W. Extending Tsai-Hill and norris criteria to predict cracking direction in orthotropic materials. Int J Fract, 1989, 40: R101—
R104

Dean G, Crocker L, Read B, et al. Prediction of deformation and failure of rubber-toughened adhesive joints. Int J Adhes Adhes, 2004, 24: 295—
306

Lin C, Fatt M S H. Perforation of composite plates and sandwich panels under quasi-static and projectile loading. J Compos Mater, 2006, 40:
1801-1840

Jiang X. Analysis of bearing capacity of cylindrical pressure shell under impact (in Chinese). Dissertation for Master’s Degree. Zhenjiang:


https://doi.org/10.1016/j.compscitech.2012.07.016
https://doi.org/10.1016/0965-9978(93)90003-C
https://doi.org/10.1016/S0734-743X(96)00030-9
https://doi.org/10.1016/S0266-3538(01)00015-X
https://doi.org/10.1016/S0263-8223(02)00238-6
https://doi.org/10.2514/1.J051515
https://doi.org/10.1016/j.compstruct.2016.01.070
https://doi.org/10.1016/j.compstruct.2016.10.023
https://doi.org/10.1016/j.compstruct.2017.11.090
https://doi.org/10.1016/j.tws.2020.106869
https://doi.org/10.1016/j.compstruct.2020.112027
https://doi.org/10.1016/j.compstruct.2005.08.013
https://doi.org/10.1016/j.compositesb.2013.12.047
https://doi.org/10.1016/j.compstruct.2019.111230
https://doi.org/10.1007/s11071-018-4486-5
https://doi.org/10.1080/15376494.2018.1495792
https://doi.org/10.1080/14786430500525829
https://doi.org/10.1007/BF00963669
https://doi.org/10.1016/j.ijadhadh.2003.08.002
https://doi.org/10.1177/0021998306060173

PEBE: BRI 2023 4 53 % 1

Jiangsu University of Science and Technology, 2000 [YTH]. k& & B & 52 rhoh 1F N IR ERE 100, WL S0 5. BT YEARHE
K2E, 2020]

29 Moriniére F D, Alderliesten R C, Sadighi M, et al. An integrated study on the low-velocity impact response of the GLARE fibre-metal laminate.
Compos Struct, 2013, 100: 89-103

30 WuQ G, Wen HM, Qin Y, et al. Perforation of FRP laminates under impact by flat-nosed projectiles. Compos Part B-Eng, 2012, 43: 221-227

Study on dynamic modeling of composite thin cylindrical shells
subjected to low-velocity impact based on an analytical method
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Aiming at the problems of traditional finite element modeling with many black box operations, high computational costs, and no
independent intellectual property rights, this paper establishes a fiber-reinforced composite under low-speed impact excitation based
on the first-order shear deformation theory, the Von Kamen large deformation theory and the law of conservation of energy.
Analytical model of impact characteristics of cylindrical shells under the fixed-supported boundary at both ends. By considering the
impact delamination damage and the Hoffman failure criterion, the expression of impact contact force when each failure event occurs
is deduced. Therefore, the impact contact force and load-displacement curves are successfully solved, with a feasible analysis process
of low-velocity impact property being summarized. Finally, the proposed model are validated against the Abaqus finite element model
with different laminate configuration and impact velocities being considered. It can provide a new idea and approach for predicting
and evaluating the impact dynamics of other complex cylindrical shells with anisotropic characteristics.

low-velocity impact, analytical model, cylindrical shell, impact property, performance prediction
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