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Abstract: In order to study in depth the structural response of the bottom protective component of the vehicles under blast
loading and improve the blast resistant performance of the protective vehicles, a finite element model of the bottom protective
component of a vehicle under blast loading was established, and the reliability of the finite element simulation was verified by
the explosion impact bench test; the concave hexagonal negative Poisson’s ratio honeycomb material was used as the core layer
of the protective component, the deformation mode of the negative Poisson’s ratio honeycomb material under blast loading was
analyzed, and the blast resistant performance was compared with the other three protective components of the same mass. The
results show that the protective component containing negative Poisson’s ratio honeycomb core has better resistance to blast
loading. A mathematical model was established for multi-objective optimization problems with the cell size parameters of the
honeycomb material as design variables, and the multi-objective genetic algorithm was used to obtain the optimal solution of
the cell geometric parameters, which effectively reduces the maximum deflection and maximum kinetic energy of the
protective component substrate.
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Table 1 Material parameters for each part of the protective component

ket ¥ p/(kgm™) % KA 5 E/GPa Je I8 i o /MPa NEL/N=a Yrhias EE o /MPa
np500%K 7.8 x 10° 210 1382 0.3 1757
960EH 7.8 x 10° 210 986 0.3 1150
KS700%K 7.8 % 10° 210 700 0.3 752
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Table 2 Structural response and energy of protective component

g} IR PefEd/mm RINEEalg HBRBNGEE /K] HRNREE /K]
T 132.82 1018.15 123.28 69.39
PR 89.38 470.87 16.35 31.72
B 91.68 448.52 16.81 35.14
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SR BB AR ) ERR P, A E T A S PR R E bR S 4L iR T SRR L AR B
KAEA B S SEUETH R PO — 8 76 B 2R L T bl e ke AR A, 00 S AR R A AR T
BAAIE, ik 6 Fis .
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Table 3 H14 aluminum material parameters

= R p/(kg'm ™) % A E/GPa Ja IS B o, /MPa AR o YihisRE o /MPa
H1445 2.7x10° 70 188 0.3 271
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Fig. 10 Schematic diagram of cell geometric parameters
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Fig. 11 Typical deformation mode of Poisson’s ratio honeycomb protection component under explosion impact
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Fig. 12 Deformation diagram of negative Poisson’s ratio honeycomb core center
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Table 4 Structural response and energy of protective components

| KB d/mm RN alg K BNBEE, /KT R MBEE/K] LI fEn/(kJ-kg ")
iR 130.4 1821.80 48.25 20.731 0.095
J 2 208.39 2.90 46.69 3.107
T 78.35 350.67 7.98 10.99 0.063
Hez 77.96 340.56 8.04 11.48 0.078

FE I RE M, 156 W2 2540 B W REZSCRB G o 1R % 4 AT, P TS T FAFI A, e Sl 2 B I R
BRI KT B4 A A A S5 4 1 TR e A%

i 1 AE A PR B 4Gy R B P AL 5 S B F e s e R B A B O B B R
SHTshRERT R M 2 an Il 15~ 16 BT/, A1 LT IR AR Bl 47 20 14, 23 ST e g e s 2 )7 4 AL A2 W il ) 3
M, HA RERERRAR T 13.72 mm, i KENAEFRIE T 52.17%.

T I A IR LB BRI RS S 1 B A 2 AR AT RS S AT, ISR R B, W IS )2 B I RB AR
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Fig. 19 Time history curves of center deflection of four kinds Fig. 20 Time history curves of kinetic energy of four kinds
of protective component’s substrates of protective component’s substrates
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Table S Experimental design and results based on D-optimal sampling

F5 L;/mm L,/mm f./mm 6/(°) Mikg d/mm Ey /K]
1 21.15 16.97 0.34 55 18.61 77.66 8.10
2 22.95 16.28 0.31 60 13.00 76.76 7.78

27 21.33 16.56 0.30 50 16.81 78.83 8.59
28 23.13 15.87 0.34 55 14.75 77.76 8.16

3.3 MUERREREES
Kringing BB B — A 17 2 55 /N TC R AR SHAS IR0 L 32073 T RS B 7 0L PSR 0 0330 B
0 25 R AR B 2 e R, AT BT A6 45 2L R R S B4 EH R B, SR Krringing W54 3 R 488
R, — R DA R BRACTAS PR 300 R e, bt R A
D G-w
R = i:l
> 0=3

e n REAS GBCR, y S i A FUBR I SE BRI AR, 37 oA T AR AR 0 JOEAEL, s oA -4 14 5 P o 7 £
RAERIENT T 1, ACRRRC A B B 2 U7 fy 32 6 MR, ARBA AU & B AR e B Y TR E R AR ER R T
0.95, PRI AR BRAR AL AT 5 R 20K o

“4)

*o6 BERNIMEIRE R

Table 6 Decision coefficients of target response

M Fq(x) Fg(x)

R? 0.963 0.987 0.959
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WF5E I TR, FEsK i 22 H AR A DB, 38 5 AN BB KA ME— P e Ak, 45 21 19 2 A Je ik ) st
17 HC B 1) ff 4 B Ry iy B24E (Pareto) It o 7E32 H NSGA- T 575 K fif i % i Pareto fRAE 5L N
1000 4, BALARECH 50 18, FARKE T EE HREARZS RN 10%, BAEAE TR 0.01, HZA5 30 R0 4
858 A, A RACHTVT A&l 21 Frzn o 76 ZE 400 e S 1t

YEB s, S5 1 SN2 P T B, bl ol .

F 1 51 7 g o Bt PRI AR SO Ak 8f .

6 LV R 6K AR 1 0 L WA T O 4 oy B

50 fRE5 156 24 N MIN I TE SR A L i s s z 72l i

A b e, e 7 T . e xd R 2K OF < 70t \

L BEKC FE A 20.43 mm, 25 i UBE K E 4 18.11 mm, |

JHOBEJELEE & 0.32 mm, JfLEE S £ 500, cal “\_,_

3SR e
g T B A U 308 700 L 04 5 et b ' C dom '

B2 B BR AL 2 S B, AR 3.4 45 PR A ss T

RN SR AR B SRR Fig. 21 Pareto front
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Table 7 The 50th generation Pareto solution set (part) and variable parameters

HET L,/mm L,/mm to/mm 6/(°) Mikg d/mm Ey /K]
1 24.35 15.78 0.33 60 12.41 74.56 7.99
2 22.36 15.78 0.32 50 12.47 76.64 7.84
155 24.44 15.79 0.31 55 12.53 75.83 7.70
156 20.43 18.11 0.32 50 18.18 76.23 6.52
857 21.27 17.85 0.32 60 17.89 76.16 6.96
858 20.78 17.44 0.34 50 16.23 76.17 6.99

TR, SRS SO0 AR L o FE R A K4 B i DL A 485 SR RV BB AL 45 2R 431 4 76.23 1 74.58 mm,
FEXTIR 22 K 2.16%:; Kt KBhfE 0 6.52 1 6.41 kI, #HXFIR 22N 1.69%, 1522 % /N 5%, K] LA
J gl R B B ERR Y . W 22~23 FER, PLAb B B 00 S B R BEE hy 74.58 mm, M EL T
PEALTHIREAR T 4.34%; FEM i R BhBe R 6.41 kI, AH L TOLALATFEAR T 20.27%.

80 L gl —=— Before optimization
—e— After optimization
60 6
E 2
S 40t K4t
20 —=— Before optimization 2L
—e— After optimization
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
t/ms t/ms
P22 LAl S B AR & 23 ufbmi)s SR sh REm Rt £
Fig. 22 Time history curves of substrate deflection Fig. 23 Time history curves of substrate kinetic energy
before and after optimization before and after optimization
Ay
48 i

AR SCHEF BT B A AL AR K vl B 4L, BT — R P USSR Sy e
S Z R B LA, T T B ALRAE 2 kg AETR KRR AR vh b N I S5 R MR 5 38 i NSGA- T A8 5K i
FF AR T RS S 500 2 B AR Ak ) 8, £33 AR I K e 5 S0 B K S BE (1Y) Pareto BT IR 1E
M. TR (A L TR I 25 4 (4 Bl 4L 2, P TS 2 ST s b e s B 4 AL BE 6 A 5k
RAAR AR A fie KB S BB, HL G IAAS o e s e BN 3 A B 2L 0 v ) L W BB K T i i A il (2)
) 45 o A AT B T, A HE T IE /S e s e th A5 Ho A 3 b Bl 2l 0, P W15 30 TR S TE s E e g Sl TS Bl 4
WP RO . ()W R R ACER I ATEE T, s SC80 T X A A L Je it J2 454 1 2 B Al
1k, PeAb )5 Feb () e KB E AR T 4.34%, FEb (9 KBTBEREAR T 20.27%.
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