B2k oM B ORE AR (A R R R D) Vol.52,No.9
2025 4 9 J Journal of Hunan University (Natural Sciences ) Sept. 2025

XEHS :1674-2974(2025)09-0189-10 DOI:10.16339/j.cnki.hdxbzkb.2025098

M REHEHELR TE X & & 1 BE T WIS FFERI 20

FARME 2T AR A X 2
(1. PZRESTRHE R oA TR, B 9% 710055
2. PR STRME R S TR S B S A LA SRS BV P42 710055)

i B RRSEAMHAE A ATRIAEH, Q2R TTHEME 2K
LRAAEREMT . BAEEEMN T4 TERBLN, A F R R L A Ak T AL, 2t
T % v 25 M0 WAL S AF . 4 A TR B BF XA SALAT 5, 2 AT AL B M3t B A M A A AR S
B h . LR AR A AR R SER AN T RER P B TR BT R
B, oM HA RGBT e RES TS b SR T S T 4 M
R £ R A 09 R AW, M K& IR AL S Fe B &) B AL 69 R AL AT
REBETEMOLEBRELRF S AT HEAAN LR, 55T WHEE G, 10 GPa
F)2 GPa, AL @ AR B K ALK, V49 72.98% , i@ AN YL AT 5 —AE S MAR IL-F IR R ®m

KW ALK ; A oMAT; A s A B b v &

FE S ES 0342 XHEAREAG: A

Impact of Material Nonlinearity on the Bistable Characteristics of Composite

Cylindrical Shell

WU Yaopeng'*", YANG Quan',ZHENG Nan',LIU Ying'

(1. College of Civil Engineering, Xi’an University of Architecture & Technology, Xi’an 710055, China;
2. Key Lab of Structural Engineering and Earthquake Resistance , Ministry of Education (XAUAT), Xi’an 710055, China)

Abstract: As a unique type of deployable structure, bistable composite material structures have extensive
applications in various fields such as foldable wings, energy harvesters, and adaptive structures. When these
bistable structures are employed in complex environments, the changes in material properties have a significant
impact on their bistable characteristics. By combining theoretical and numerical investigations, this study examines
the impact of material properties on the bistability of composite cylindrical shells. A theoretical model is developed
for antisymmetrically laminated composite cylindrical shells, and analytical expressions for the strain energy of the
shell during deformation are derived. Moreover, the effects of characteristic constants including longitudinal modulus
of elasticity, transverse modulus of elasticity, shear modulus, and Poisson’ s ratio on strain energy, principal
curvatures, and torsional rates are analyzed for the shell structure. The results indicate that variations in the

longitudinal and transverse modulus of elasticity of the material significantly affect the strain energy per unit area and
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the principal curvature of the second stable state in bistable cylindrical shells. Specifically, when the shear modulus

G, decreases from 10 GPa to 2 GPa, the strain energy per unit area is reduced by approximately 72.98%. The

Poisson’s ratio has almost no impact on the performance of the second stable state.
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Tab.1 Geometric parameters of composite monolayer shells
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Tab.2 Properties of T700/Epoxy composite monolayer
shells

E,/GPa E,/GPa G,,/GPa v,

108 7.07 5.17 0.31
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Tab.4 The second stability characteristics of

anti—-symmetric cylindrical shells with different E, values
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Fig.4 The relationship curves of u,and 6 for cylindrical shells
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E,/GPa w,/(N-mm-mm™) k/mm™
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8 0.001 200 0.027 731
6 0.001 194 0.027 427
4 0.001 188 0.027 109
2 0.001 181 0.026 777

with different £,
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Tab.3 The second stability characteristics of

anti—-symmetric cylindrical shells with different E, values

E /GPa 1,/(N-mm-mm™) k ,/mm™
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Tab.5 The second stability characteristics of

anti—-symmetric cylindrical shells with different G,, values

G,,/GPa u,,/(N-mm+mm™) k ,/mm™!
10 0.002 002 0.019 614
8 0.001 692 0.022 677
6 0.001 350 0.026 071
4 0.000 968 0.029 855
2 0.000 541 0.034 098
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Tab.6 The second stability characteristics of anti—

symmetric cylindrical shells with different v,, values
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