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Failure study of gradient bimaterial negative Poisson's ratio honeycomb sandwich

panels subjected to local impact
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Abstract: The sandwich panel structure, known for its lightweight nature, high bending stiffness, and exceptional
impact resistance, can be tailored with a core layer of negative Poisson's ratio materials. This design approach
yields protective structures with outstanding dynamic characteristics. In this paper, a negative Poisson's ratio
biomaterial cellular sandwich plate with positive gradient, negative gradient, symmetric positive gradient and
symmetric negative gradient was constructed by changing the vertical and horizontal materials in the cell based on
the proposed curved edge concave negative Poisson's ratio biomaterial cell. The comparison between experimental
results and simulation results demonstrates the feasibility of the numerical method proposed in this paper. The
effects of punch impact velocity and gradient arrangement on the failure mode of sandwich plate, punch contact
force and energy absorption were investigated. The results show that the impact failure mode and impact dynamic
performance of the sandwich panels are significantly affected by the arrangement mode of core layers. This design
can significantly enhance the energy absorption effect of sandwich panels.
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Fig.1 Schematic diagram of gradient bimaterial honeycomb sandwich

plate with negative Poisson's ratio and boundary conditions

b .
<« Cross section

t 25 %%% mlI "

t—In-plane thickness; b—Out-of-plane thickness; #,—Projected half
length of longitudinal curved edge; 4,—Projected half-length of lateral
curved edge; m,, m,—Extension length of connecting rods; 6,, 6,—Arc
angle; r,, r,—Arc radius

(a) Bimaterial cell®¥
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(b) Cross-section of sandwich plate
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Fig.2 Schematic diagram of gradient bimaterial honeycomb sandwich

plate with negative Poisson's ratio
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Fig.3 Mesh diagram of sandwich plate and punch
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Table1 Material properties

Density/ Young's Poisson's A/ B/

Material (grem™)  modulus/GPa ratio MPa MPa " ¢ " by D Ds Dy bs
2024 Aluminum 2.7 73 0.33 369 684 0.73 0.0083 1 0.112 0.123 -1.5 0.007 O
Cast-iron 7.2 150 0.3 525 650 0.6 0.0205 1 0.029 0.44 -15 0 0
4340 Steel 7.85 207 0.29 910 586 0.26 0.014 1.03 -0.8 21 -0.5 0.002 0.61

Notes: A—Initial yield stress at reference strain rate and reference temperature; B, n—Strain hardening modulus and hardening index of
the material; C—Material strain rate strengthening parameter; m—Thermal softening index of material; D,, D,, D3, D,, D;—Failure
parameters in the damage formula.

®2 HEEAREAEAR

Table 2 Vertical and horizontal material combination

Modulus ratio E;/E, Vertical/transverse materials
1.38 4340 Steel/Cast-iron

1 Cast-iron/Cast-iron

0.48 2024 Aluminum/Cast-iron

(b) Simulation model

(a) 3D printing specimen
4 3D FTEMAF S5 (i EA Y

Fig.4 3D printing specimen and simulation model

K5 Jeth ko E ST 6

Fig.5 Compression penetration test platform of sandwich plate
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(a) Experimental results

S, Mise/MPa
SNEG, (Fraction=—1.0)
(Average: 75%)

7.188x10?
6.589x10%
5.990x10*
5.391x10?
4.792x10%
4.193x10?
3.594x10?
2.995%10%
2.396x10*
1.797x10?
1.198x10%
8.990>< 10

S, Mise/MPa
SNEG, (Fraction=—1.0)
(Average: 75%)

7.188x10%
6.589x10?
5.990x10%
5.391x10*
4.792x10?
4.193x102
3.594x10%
2.995%x10?
2.396x10*
1.797x10*
1.198%10?
8.990>< 10

(b) Simulation results

S, Mise—Von Mises stress; SNEG—Negative normal side of the element
6 JRoris o SL g MLt I AR AR
Fig. 6 Failure modes of sandwich plate specimens in experiment and

simulation during local penetration
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Fig. 7 Contact force-displacement curves of punch during local

penetration of sandwich plate
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(a) Positive gradient (b) Negative gradient

(c) Symmetric positive gradient
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(d) Symmetric negative gradient

k—The E,/E, of each layer
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Fig.8 Four gradient bimaterial honeycomb sandwich structures

S, Mise/MPa

SNEG, (Fraction=—1.0)

(Average: 75%)
1.094x10?
1.003x10?
9.116x10?
8.204x10?
7.292x10?
6.381x10?
5.649%10?
4.558x10?
3.646%10?
2.735%10?
1.823x10?
8.116><10

-

(a) Positive gradient

S, Mise/MPa
SNEG, (Fraction=—1.0)
(Average: 75%)

1.133x10?
1.039x10?
9.442x10?
8.498%10?
7.554x10?
6.609x10?
5.665x%10?
4.721x102
3.777%10?
2.833x102
1.888x10?
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L

(c) Symmetric positive gradient

S, Mise/MPa
SNEG, (Fraction=—1.0)
(Average: 75%)

1.176x10°
1.078%10°
9.800x10?
8.820x10?
7.840x10?
6.860x102
5.880x10?
4.900%10*
3.920x10?
2.940x102
1.960x10*
8.800><10
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(b) Negative gradient

S, Mise/MPa

SNEG, (Fraction=—1.0)

(Average: 75%)
1.055x10?
9.668x10?
8.789x10?
7.910x10?
7.032x10?
6.153%x10?
5.274x10?
4.395x10?
3.516x10*
2.637x10%
1.758x10%
3.789X10

-

(d) Symmetric negative gradient
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Fig.9 Failure modes of sandwich plate with different core arrangement at 10 m/s impact speed
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S, Mise/MPa

SNEG, (Fraction=—1.0)

(Average: 75%)
1.168%10?
1.071x10?
9.735%10?
8.762x10?
7.788%10?
6.815x10?
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1.947x10?
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(a) Positive gradient
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S, Mise/MPa
SNEG, (Fraction=—1.0)
(Average: 75%)
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