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Abstract: Sandwich structures are widely used in engineering fields, but their connection and assembly prob-
lems become more and more prominent, especially for combat equipment under strong dynamic loads. How to

design connection joints to improve the reliability and maintainability of the structure is a hot research topic at
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present. Aimed at the connection and assembly problem of honeycomb sandwich protection structures in typical
combat environment, a quick assembly joint locked by square tubes was designed, and the dynamic responses
of the connection structure under different impulses were obtained by foam projectile impact tests. Then the fi-
nite element method was used to simulate the impact test, and the simulation results agree well with the experi-
mental results. On this basis, the effects of geometric parameters such as wall thicknesses and connection unit
widths on the peak deflections of the structure under the foam projectile impacts were further discussed with
the finite element model. The results indicate that, the thinner wall thickness (¢,/¢; < 0.375) of the square tube
makes the connection structure prone to collapse, leading to a significant increase in peak deflections. Howev-
er, a smaller width (2a/W < 0.267) of the connection unit causes the panel tensile strength to decrease, thereby
weakening the impact resistance of the connection structure. In addition, as the connection unit width increa-
ses, the peak deflection of the connection structure will first decrease and then increase. This is due to the
competition mechanism between the effective cross-sectional area of the connection unit and the mechanical in-
terlocking contact area. The proposed quick assembly connection joint can effectively resist dynamic impact
loads, has good impact energy absorption abilities, and easy maintenance and replacement. It is hopeful to be
applied to the connection of various types of main combat equipment protection structures, and provides refer-

ence for the impact resistance design of sandwich connection structures.

Key words: honeycomb sandwich structure; connection joint; quick assembly; impact resistance; dynamic

mechanical behavior
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Fig. 1 The connection structure specimen
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Table 1 The size parameters of the specimen

®1 KA RT2H

parameter

value

connection sample length L /mm

clamping end length / /mm

sample width W /mm

panel thickness ¢; /mm

honeycomb core height h /mm

honeycomb core wall thickness ¢, /mm

honeycomb core side length L,

. /mm

square tube wall thickness #, /mm

diameter opening D /mm

root width @ /mm

addendum width b /mm

300
35
60

0.05
2
1.5
11
12
18
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Fig. 2 The preparation process of the connection structure specimen
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Fig. 3 Schematic diagram of the Ist-level light gas gun!3!!
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Fig. 4 The finite element model for the foam projectile impact connection structure specimen
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F2 BRI ETE L EATEHY Johnson-Cook #1RIA Ky 24 119,323

Table 2 Johnson-Cook material constitutive parameters of the materials involved in the model [ 19+3233]

parameter 304 stainless steel Q235B steel AA3003-H18 aluminum alloy
density p / (kg+m™) 7 800 7 800 2 680
elasticity modulus £ /GPa 193 200 67.6
Poisson’ s ratio v 0.3 0.33 0.33
initial yield stress A /MPa 310 293.8 214
hardening constant B /MPa 1 000 230.2 143
hardening exponent n 0.65 0.578 0.36
reference strain rate &, /s~ 0.001 0.002 1 1
strain rate constant C 0.034 0.065 2 0.015
melting temperature T, /K 1 800 1 793 893
thermal softening exponent m 1.05 0.706 0
specific heat 6 /(J-kg™*K™") 450 440 893
F3 KA IEAMRES
Table 3 Basic performance parameters of the aluminum foam
parameter value
density p, / (kg- m™) 378
elasticity modulus Ep /GPa 0.38
Poisson’ s ratio v, 0.45
compressive yield stress ratio R 1.732
R4 WK Crushable Foam BRI Z%L
Table 4  Crushable Foam model parameters of the aluminum foam
stress in uniaxial
. 3.457 4.120 4.540 5.186 5.538 6.234 7.086 7.313 7.486  7.629 8.422 11.55
compression o, ;. /MPa
plastic strain in uniaxial
ol 0 0.042 0.084 0.126 0.206 0.262 0.310 0.349 0417 0.456 0.542 0.674
compression &P
40 T T T T T 60 000
L] - - peak mid-span displacement ¢,
—a=— calculation time ¢ i
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TTen 440000
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Fig. 5 Grid independence analysis of the simulation model under 84.7 m/s
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Table 5 Impact experiment data of connection structure specimens

foam projectile mass initial projectile velocity initial unit area impulse peak mid-span deflection
specimen number

m, /g vy /(m/s) I, /(kPa-s) 8, /mm
1# 107.4 84.7 3.44 34.7
2# 108.0 100.7 4.12 35.5
3# 108.3 117.4 4.81 38.9
44 108.1 154.7 6.33 undetectable

40

£

E o0t

o

—a— |#, 84.7 m /s
—=—2#, 100.7m/s
—e—3#, 1174 m/s

0

0 l 2l y l 4;
B 6 N[ ek RE T 3 e A U 5 8 BE - R i 2k
Fig. 6 Mid-span deflection-time curves of connection structure specimens at different impact velocities
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Fig. 7 Structural deformation evolutions of connection structure specimen impact tests
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Fig. 9  Finite element simulation results of structural deformation evolution at an 84.7 m/s impact velocity
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Fig. 10  The relationships between demensionless square tube connector Fig. 11 The square tube collapse failure, corresponding
wall thicknesses and dimensionless peak mid-span joint geometric parameters 2a/W = 0.50,
deflections of the specimen under 3 typical joint widths 1/t = 0.25
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