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Fig. 1 Research on self-locking structures in nature: (a) self-locking and toughening mechanism of a diabolical
ironclad beetle!"”’; (b) corrugated self-locking beak of a red-bellied woodpecker!"™); (c) interlocking
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Fig.2 Compression curve of the ideal periodic

energy-absorbing structure’®’!
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Fig. 3 Ingenious design of the periodic structure: (a) sinusoidal thin-walled grid-type protective structure®”;
(b) programmable hybrid self-locking lattice!";
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(c) star-shaped structure with double
stress plateau
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Fig. 4 Design and regulation of shear-band failure: (a) transformation from unidirectional shear band to a shear band with bifurcation
or twist™*’; (b) regulation of the shear-band shape using genetic algorithms™®; (c) restriction of dislocation slip to control the failure
of shear band™*”; (d) influence of truss shape on the failure mode of shear band*"), where & stands for the strain under compression
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Fig. 5 Design of two-dimensional self-locking structure inspired by the dumbbell-shaped single cell: (a) nested dumbbell-shaped
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Fig. 6 Design of three-dimensional self-locking structure inspired by the dumbbell-shaped single cell: (a) variable-section self-
locking thin-wall tube with grooves®™”; (b) C-shaped assembly self-locking system™™!; (c) rectangular and triangular-groove self-
locking system®™; (d) I-shaped section self-locking system®”; (e) jigsaw-inspired multi-directional self-locking system™®!
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Fig. 7 Three-dimensional self-locking structure inspired by biological bone joints: (a) thin-walled modular self-locking system

inspired by elytra of beetles®”; (b) triangular suture self-locking structure inspired by nautilus diatom*®; (c) corrugated self-locking
structure inspired by deer antler sutures'®; (d) bionic turtle-shell inspired flexible adhesive composite self-locking structure!’”
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Fig. 8 Self-locking structure design inspired by folding structure: (a) folding structure with auxetic, bistable, and self-locking

properties'™; (b) miura-origami inspired honeycomb self-locking structure™; (c) interlocking negative Poisson’s ratio

connectors design flow!””, where IPF stands for intermediate part filling, CSF stands for complete structure filling,

and RSR stands for rigid-soft-rigid; (d) “P2P” deformable thick plate self-locking folding structure!™”!
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Fig. 9 Innovative research and design of self-locking structures: (a) semi-circular masonry arch bridge model

composed of interlocking bricks™"; (b) structured interlocking fabrics inspired by chainmail structure!®”
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Research Progress on Design Strategies and Mechanical Behaviors of
Self-Locking Structure

XIONG Jian'?, YAN Chengrui', CHEN Zongbing'

(1. National Key Laboratory of Science and Technology on Advanced Composites in Special Environments,
Harbin Institute of Technology, Harbin 150080, Heilongjiang, China;
2. National Key Laboratory of Transient Impact Research, 208 Research Institute, Beijing 102200, China)

Abstract: The self-locking structure achieves interlocking property through ingenious design of the
connection mode between cells, which enables the cells to lock with each other without the need for any
additional constraints. The self-locking structure possesses significant advantages, such as light weight,
portability, rapid assembly, and disassembly. Therefore, this structure is widely applied in various fields,
such as shock resistance and explosion prevention. Self-locking structures exist in many structures in nature.
The design concepts of self-locking structures are introduced from three aspects: the inspiration from
biomimetic self-locking structures, the energy absorption mechanism of periodic structures, and failure of
shear bands in periodic structures. The research progress of two-dimensional unidirectional self-locking
structures, three-dimensional multi-directional self-locking structures and curved self-locking structures are
then respectively introduced based on the classification of self-locking direction. Among them, the multi-
directional self-locking structure withstands more complex loading conditions. Therefore, research progress
of three representative multi-directional self-locking structures based on dumbbell-type, bone stitching, and
origami design are further introduced. Finally, the research on the self-locking structure is summarized, and
its future research prospects are discussed.

Keywords: self-locking structure; periodic structure; biomimetic structure; foldcore; energy absorption
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