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Design and mechanical analysis of a novel chiral honeycomb structure

LIU Weidong' , CHEN Haobo', GUO Su?, KAN Kan™*
(1. School of Electrical and Power Engineering, Hohai University, Nanjing 210000, China; 2. College of Renewable Energy,
Hohai University, Changzhou 213000, China)

Abstract: The current research on chiral honeycomb structures not only focuses on the materials used for the
structure itself but also emphasizes improving mechanical performance by altering the internal topological arrange-
ments of the units. Most existing chiral honeycomb structures feature rigid central nodes that increase both struc-
tural stiffness and overall weight. Addressing this situation, this paper proposed a novel tetra-chiral cell structure
characterized by easy deformability and good extensibility. Theoretical deductions of beam structure mechanics
using energy methods were presented, along with numerical validations using finite element analysis. Through
parameter analysis, the mechanical performance of this structure was discussed. Results indicate that this
structure, with a negative Poisson's ratio, demonstrates excellent mechanical properties. It exhibits an equivalent
elastic modulus as low as 107° and a large range of shear coupling coefficients as low as -5.5. The equivalent elastic
modulus is only 10% of that of a V-beam structure, and the equivalent shear modulus is lower by two orders of
magnitude compared to an anti-tetra-chiral structures (ATCS) structure. The range of mechanical performance
adjustment is also approximately 1.5 to 2 times that of the ATCS structure. As a new type of chiral structure, its lower
equivalent elastic modulus and wider range of shear coupling coefficients present significant potential applications
in aerospace, maritime, medical, and other fields.
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L—Twice the length of the straight ligament; H—The horizontal length of
the structure; a—The angle between the straight ligament and the
horizontal direction; r,—The radius of the arc beam

B 1 BT EES K Ty

Fig. 1 Novel chiral structure and its unit cell
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o,—Horizontal tensile stress; P,—Thehorizontal forces at the left and
right endpoints; P,—The vertical forces at the left and right endpoints;
S—The horizontal forces on the upper and lower endpoints; S,—The
vertical forces on the upper and lower endpoints; D@3@—The
numbering of different beams
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Fig.2 Force analysis of the overall configuration and the unit cell of the

novel chiral structure under tensile load
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Fig.3 Force analysis of section A on beam D
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B—The central angle of an arc beam; M—Internal bending moment;
X;—The distance from section A to the X-axis; Y;—The distance from
section A to the Y-axis
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Fig.4 Force analysis of section A on beam 2
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Fig.5 Force analysis of the overall configuration and the unit cell of the

novel chiral structure under shear load
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Fig. 6 Finite element modeling of the novel chiral structure
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Table1 Load and boundary conditions used in the finite

element simulation

Tensile load in the X

Condition . R Shear load
direction
UiA) = =X xH UdC) = X xH
Load condition 53 8}%
UB)=—=—xH U,D)=—xH
Uy(0) =0 U,(0) =0

Periodic
condition

z-direction SYMM

U(C) =U(D)
Uy(C) = Uy(D)
0-(A) = 6-(B)
0:(C) = 6:(D)

Uy(A) = U,(B)
0-(A) = 6-(B)
6-(C) = 6:(D)

Notes: U/(A)—Load displacement of point A in the x-axis

direction;
direction;
direction;
direction;
direction;
direction;
direction;
direction;
direction;

6,(B)—Rotation
6,(C)—Rotation

U(B)—Load displacement of point B in the x-axis
U/(C)—Load displacement of point C in the x-axis
U(D)—Load displacement of point D in the x-axis
U,(O)—Load displacement of point O in the y-axis
U,(A)—Load displacement of point A in the y-axis
U,(B)—Load displacement of point B in the y-axis
U,(C)—Load displacement of point C in the y-axis
Uy(D)—Load displacement of point D in the y-axis
0,(A)—Rotation angle of point A about the Z-axis;
angle of point B about the Z-axis;
angle of point C about the Z-axis;

0,(D)—Rotation angle of point D about the Z-axis; &,—Strain
along the x-axis; H—The horizontal length of the structure; z-
direction SYMM —z-direction symmetry.
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(a) Nodal solution

Step=1
Sub=1
Time=1
EPTOL  (Avg)
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Deformation/mm
(b) Nodal solution
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EPTOL—Total mechanical strain; DMX—Maximum total displacement;
SMX—Maximum stress
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Fig.7 Deformation diagram of the novel chiral honeycomb structure:

(a) Tension; (b) Shear
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