International Journal of Mechanics Research J72£%JF 5%, 2024, 13(4), 154-166 Hans X0
Published Online December 2024 in Hans. https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2024.134016

JUEHh R i = A A BRI X 12551

sy, HEA
655 BRHEOR AN TR e, dbat

Weks H . 20244F10H 128 FHER: 20244F10H29H; & A HE: 20244F12 A 10H

wm B

IEEEREER SRR T AT IR T RSB AF NG, ERSWENZHNIR. FHMTERT
SWLAFRFE HRIMHAR. SR T NERR, A5 HIR IS, T R E T LA Rt
BN R . SCEPT T AR A5, BIEEAER. HERILES . EERLER UL
VUF P RN FERER. B T WRIER S RIRERRIILE], 30 R REIE R RTTReER I,
T BT F=AE T Sunisth. BHMER LSS . AR FLIEE DR D F i s ix = REW T DUER
TR RTTH LA SR IH ERAG. ES B RS R N FHRER SR FSE0F 5F R
A0t L AR R IERAE . 3DITENARAREL . A RITARR B THE 45 RASCIRHEAT T X b, 7E Db EERE ERTA
TXJRER SN R, B - BHE. maliig RIERS. WRT =M E s
HIFEAE FIFLBR I T A o B2 R /N AR I B 0 2464 . SCEFTIRB 4 K i BRI R S5 M B B AL Bt
THRIFE TR 2 N R B AR -

XA
HEERER, fUHtALL, PR, BEA, RERK

The Correlation Mechanism and Mechanical
Properties of Several Curved Honeycombs

Yiming He, Junhua Zhang

Mechanical and Electrical Engineering School, Beijing Information Science and Technology University, Beijing

Received: Oct. 12, 2024; accepted: Oct. 29%, 2024; published: Dec. 10", 2024

Abstract

In recent years, honeycomb structures have attracted the interest of many researchers due to their
unique mechanical properties and have very broad application prospects in aerospace, vehicle, and
engineering protection fields. The straight-walled honeycomb is prone to stress concentration after

XES|I I 0y, 5kEAE T RE I 5 45 F SRBR ML J2 F12E R )], F12E AT, 2024, 13(4): 154-166.
DOI: 10.12677/ijm.2024.134016


https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2024.134016
https://doi.org/10.12677/ijm.2024.134016
https://www.hanspub.org/

fay—ng,  GKF A

being stressed, while curved walled honeycomb can effectively alleviate the problem of stress con-
centration. In this paper, the intrinsic correlation mechanism of four curved wall honeycomb struc-
tures, namely circular hole honeycomb, oval hole honeycomb, peanut-shaped hole honeycomb, and
four-chiral honeycomb, is studied. The energy absorption mechanism of these honeycomb struc-
tures is revealed. Namely, part of the energy is absorbed by the rotation of the honeycomb cell, and
the rotation of the cell produces a negative Poisson’s ratio simultaneously. It is concluded that three
types of structures, namely elliptical pore honeycomb, peanut-shaped pore honeycomb, and tetra-
chiral honeycomb, can be transformed into each other by adjusting the geometric parameters of
cellular cells. The equivalent mechanical parameters of the four-chiral honeycomb are proposed
and compared with the finite element to verify their accuracy. The calculation results of the 3D
printing test model and the finite element model are compared with the literature. The mechanical
properties of these honeycombs, including force-displacement curves, Poisson’s ratio and Young’s
modulus, are studied. The mechanical properties of the three curved-walled honeycomb structures
are compared under the same porosity and at the same minimum honeycomb wall thickness, re-
spectively. The results obtained in this paper will provide a theoretical basis for the lightweight
design and wide application of curved honeycomb structures in the engineering field.
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Figure 1. Deformation mode and cell of circular pore honeycomb
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Figure 2. Deformation mode and cell of elliptical pore honeycomb structure
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Figure 3. Deformation mode and its cell of peanut-shaped pores
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Figure 4. The lightweight design of the peanut-shaped pores obtains the four-chiral honeycomb
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Figure 5. The lightweight design of the elliptical hole honeycomb obtains the four-chiral honeycomb
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Figure 6. Force diagram of four-chiral honeycomb and its cell
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Figure 8. Grid convergence analysis
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