%60 % 43 B % X @ K F OF MK Vol. 60 No. 3
2026 4 3 H JOURNAL OF XI’ AN JTAOTONG UNIVERSITY Mar. 2026

40 7 10 0 SEI A b 54 T TR R A A MR 5

ZEIKEEL, VAR, RORE, BEEE', B X, e, XEgmtt, ek
(1. JTTMNEEEF RS RN GEE TR, 511434, "M ; 2. WS JRIE T AR K25 5 A5 & e 3L H
266000, INARTES; 3. WM/RETRKFMREEF TREER. 150001, WBI/RE)

HWE. ABEEAR AL EN —HRLREFEAREEERALT RO, RABRLEAE
RET—FHAB AKX kS, @ A WX HHM AR PR MR %R W%
PRBRCAHSRIETEMEESTRPRALIH, RADHP L EHE RS B EHEE
WX RF LR E R AFO A FaE, RN BIARAFHR—FT S ERMA AR B
FERBARTEMDFRERETIORFRG T AE, TR LI, MR LA, BRER
LMWL BRER ST 3L.U, FHEFTHARST S577.7%., B ABX fank s aLh R
89 ) A A R BOMCAR M 3G e B MR A A BE R T R AR FH 4 M RSB A R R BT ) A
AL e A — A E RS AR, PR R R T AR AR A BRI A LN
BARBEERIET,

KW . RARILEM; BB A F R EET R

RESES. TB332 XEkkREML: A

DOI: 10.7652/xjtuxb202603015 X EHKS: 0253-987X(2026)03-0155-11

Design and Energy Absorption Characteristics of Self-Locking Concave

Negative Poisson’s Ratio Structure

LI Yongxiang', SUN Dongyang', WU Zhibing', AN Yingying', HAO Qingxuan®,
XU Yaoyao®, LIU Xuchang®?, YANG Jinshui**

(1. Automotive Engineering Research Institute, Guangzhou Automobile Group Corporation, Guangzhou 511434 ,China;
2. Qingdao Innovation Development Base, Harbin Engineering University, Qingdao, Shandong 266000, China;

3. College of Aerospace and Civil Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: To address the issue of complete replacement required for conventional negative Poisson’ s
ratio structures damaged due to monolithic fabrication, this study proposes a novel self-locking
negative Poisson’s ratio structure based on a discrete design approach. Elliptical interlocking
regions are designed on both sides and the central web area of the re-entrant hexagon to ensure
effective mutual locking during compression. Specimens are fabricated via 3D printing, and the
mechanical responses of both unit-cell and assembled specimens are obtained through quasi-static
compression tests. Furthermore, the influence of key parameters, such as the inclination angle of
the web plates and the wall thickness, on the mechanical performance and energy absorption

characteristics of the structure is analyzed numerically using the finite element method. The

s B . 2025-07-16, TEZ R ZEARFQ75 ) B, TR 8 /KGEFEE) B 88 M4 500, I 4
WH. MERALRFEIESEBIINHE (12172098),
R 28 YRR TE] . 2025-11-14 W 4% HY R AE . hetps: // link. enki. net/urlid/61. 1069. T. 20251114. 1038. 002



156 LR

PN

60 %

results demonstrate that compared to the unit-cell specimen, the assembled structure exhibits a

31.5% improvement in specific energy absorption and a 577.7% increase in average crushing

force. The self-locking negative Poisson’s ratio structure shows superior mechanical performance

and energy absorption capabilities. Increasing the web inclination angle and wall thickness

enhances specific energy absorption, average crushing force, and the negative Poisson’s ratio

effect, but slightly reduces structural stability. The findings of this study provide theoretical

guidance for developing modular, low-cost, high-energy-absorption structural technologies.

Keywords: negative Poisson’s ratio structure; self-locking; mechanical properties; energy absorption
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Fig. 1 Schematic of self-locking negative Poisson’ s

ratio structure evolution and assembly
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Fig. 3 Load-displacement curves at different mesh sizes
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Fig. 4 Stress-strain curve and compression deformation process of single cell
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Fig. 5 Stress-strain curve and compression deformation process of whole entity
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Fig. 6 SEA curves for single-cell and whole entity self-locking concave negative Poisson’s ratio structure
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Table 1 Key statistics of single-cell and whole entity self-locking concave negative Poisson’s ratio structure

A M/g € E/(J+g " E/(Jsg™H F./kN F,./kN
1 5.78 0.595 . 468 0.463 0.229 0. 229
i 2 5. 87 0. 603 AT 0. 463 0.234 0. 229
3 5.91 0. 587 . 443 0. 463 0.225 0. 229
Hjif] FE 5. 82 0.582 . 456 0. 456 0. 230 0. 230
K 1 108. 52 0.535 . 618 0. 609 1.580 1.552
AR 2 109. 08 0.543 . 616 0. 609 1.559 1.552
AR 3 107. 07 0.528 . 594 0. 609 1.518 1.552
Ik FE 108. 05 0.534 . 705 0. 705 1.798 1. 789
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Fig. 8 Stress-strain and SEA curves of single cell and assembled structure at different inclination angles
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