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Abstract . Inspired by the differences in the barbed structures of some plant stems and cat tongues in different
directions, a reusable and easy-to-recover barbed metamaterial was designed, with its mechanical properties
analyzed theoretically and numerically. The results show that, in the reciprocating motion of the barbs, when
the barb rectangular section sizes are 1 mm x 1 mm, the length is 20 mm, and the angle with the vertical direc-
tion is 60°, the maximum reaction force in the forward contact process with the blocking rib will be about 20
times of the maximum reaction force in the reverse contact process, and the former energy consumption is a-
bout 200 times of the latter. With the decrease of the angle between the barb and the vertical direction, the barb
structure will exhibit a higher energy absorption capacity and a reduced energy requirement for recovery. Simi-
larly, with the increase of the barb length, the structure energy absorption will be lower and the energy re-
quired for recovery will reduce. These characteristics indicate that, the structure possesses excellent impact re-
sistance and energy absorption capacity. Structures with significant energy disparities between forward and
backward motions are more easily recoverable, and the energy absorption efficiency can be enhanced by care-

fully designing the angles and lengths of the barbs.
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Fig. 3 The simplified plan of the barbed energy absorption structure
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Fig. 5 The experimental data fitting curve
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Table 1  Theoretical solution of the energy absorption process and numerical simulation of the force of the rib

in different positions and the energy of the rib at the moment of sepration from the barb

displacement D /mm 1 3 5 6 7 10 15 17.84( separation ) E,, /m]
Fppy /mN 4.04 12.35 20.01 23.58 33.38 51.97 71.32 72.91 0.644 2
Feory /MmN 4.01 12.18 19.71 23.14 32.52 51.06 69.95 70.22 0.627 9

relative error & 0.007 0.013 0.015 0.019 0.026 0.027 0.029 0.037 0.026
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Table 2 The theoretical solution of the recovery process and the numerical simulation of the force of the rib

in different positions and the energy of the rib at the moment of sepration from the barb

displacement D /mm 1 L5 2 2.14( separation ) E,. /m]
Fg /mN 1.53 2.56 4.03 4.52 0.003 30
Fppeory /mN 1.52 2.54 3.99 4.45 0.003 26

relative error 8 0.006 0.008 0.010 0.015 0.011
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Fig. 7 Force-displacement curves of energy absorption and recovery processes
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Table 3 The absorption and recovery of energy and specific energy consumption in barbed and vertical directions at different angles
angle ¢ /(°) 40 50 60 70 80
energy-absorption E;,, /m] 1.592'1 1.059 55 0.644 2 0.3727 0.093
energy-recovery £, /m] 0.001 9 0.003 0.003 3 0.005 0.007 3
specific energy consumption E; /E, 837.95 353.18 195.21 74.54 12.74
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Fig. 8 Force-displacement curves of energy absorption and recovery processes with of different barb lengths
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Table 4  Energy absorption and recovery energy and specific energy consumption with different barb lengths

length L /mm 20 22 24 26 28
energy-absorption E;, /m] 0.644 2 0.551 5 0.530 6 0.453 8 0.437 3
energy-recovery £, /m] 0.003 3 0.002 5 0.002 3 0.001 6 0.001 3
specific energy consumption E; /E 195.21 220.60 230.70 283.63 336.38
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