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Fig. 1 Star shaped cellular structure with negative Poisson’s

ratio
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Fig.4 Schematic diagram of sandwich panel
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Fig.5 Low velocity impact model of sandwich panel
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Fig. 11 Concave hexagonal structure with negative Poisson’s

ratio
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Fig. 12 Lateral displacement curves of different honeycomb

structures with negative Poisson’s ratios
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Fig. 13 Lateral displacement curves of sandwich panel under

different impact speeds
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Fig. 14 Contact force curves of sandwich panel under

different impact speeds
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Fig. 15 Lateral displacement curves of sandwich panel with

different thickness ratios
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thickness ratios
5.4 BEJTihA b 3T R E R SRR Y R

AP TR R AIA A T K (9=1/
L) W) 78 AT e 22 A b o M BB Y sE A . AE At RS
TEMEMER T T =M ARBEK (=
0.75,1,1.25) i Je 2 MR 25 4 e v o 32 S 10 m/s 1Y
00T B ahma B o AR B 17, = AR TR K H Y
e J7 W 25 K 22w R i 6 RS 1 AR AR R B B
Mo I H B 214 By 0 38 K, de IR ) 0 B 1 34
K, = b4 1 T B 1 460 A% 19 A8 Ak FOR —
W) o 18 FT LA, 78 A8 i oo i K L i 1 1
T, e Rl AR AL R B B HR B M Tl K
7 I 18, e J23 A I e R ok A i B R, = R AN TR
Ky B LT B A e 2 A5 A 114 2% fivk g B
] i A8 AR S —FEAY . BEAh N 17 F1 18 Fhaf LU
El IR TR S i RN < v A NS A B L AR ]
A AR BN < BB DK H 38 K, b R 22
]/ o PRI, B e K H g 3/ 1Y S 2 A EL AT

P i i M B 1E 2 A T2 Y g AR R 4%
1 1,>> [,sin@, 3kF 5 i 5T 18] DU £ 5L A 4 B R 3 k.

-4
950

20} — =125

&
\

|
’

REFAZE / m
5
N
N\
/
,
-’

o
w
~
\~
Q

0

0 2 4 6
NIV x10°
17 AIE M IC K R e 2 Ams 1 7 i 2k
Fig. 17 Lateral displacement curves of sandwich panel with

different cellular side length ratios

x10*
1.8
— —=a7=0.75
X — 7=l
1.5¢ ™ — =125
N
12 §‘\
<l \XY
& \
R 09t \
-] N
# 3
0.6} &
Q‘\
03} “\
)
0 1 1 1 1 1
0 1 2 3 4 5 6
R /s x10°

18 ANIA] M T K LT e )2 A fik oy it 2
Fig. 18 Contact force curves of sandwich panel with different

cellular side length ratios
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Fig. 19 Lateral displacement curves of sandwich panel with

different cellular concave angles
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cellular concave angles
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Dynamic response analysis of star shaped honeycomb sandwich panel
with negative Poisson’s ratio under low velocity impact

LI Bin, FU Tao
(School of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: The star-shaped negative Poisson’s ratio structure is used as the core of sandwich panels. The dynamic model of a sand-
wich plate is established, and the equivalent elastic parameters of sandwich layer are derived. The equations of motion of sandwich
plates are derived based on Hertz theory, first order shear deformation theory and Hamilton principle. Then, the equations of mo-
tion are solved by navier method. The contact force of the impact model is obtained through the spring-mass model with two de-
grees of freedom, and the lateral displacement of the sandwich plate after impact is calculated by Duhamel integral. The predicted
results of plate contact force and lateral displacement are compared with the published papers to verify the accuracy. Meanwhile,
the low-velocity impact response of star-shaped negative Poisson’s ratio sandwich panels is also compared with the negative Pois-
son’ s ratio concave hexagonal honeycomb sandwich panels, and the influence of the parameters of sandwich panels is also dis-
cussed. When the impact velocity increases, the maximum contact force and the maximum lateral displacement of the sandwich
plate also increase, while the duration of the impact response decreases. The greater the thickness ratio of the sandwich plate is,
the better the impact performance of the sandwich plate will be. The smaller the side length ratio of cell is, the better the impact
performance of sandwich plate will be. The increase of the cell concave angle enhances the impact performance of the sandwich pan-
el. This study can provide some reference for the study of impact resistance of negative Poisson’ s ratio metamaterial structures and

sandwich panels.
Key words: star shaped structure with negative Poisson’s ratio; low velocity impact; spring-mass model; dynamic response
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