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Table 1 Parameters of JWL state equation of explosive

Parameter Value
p/g-em’ 0.8
D/m-s’ 2100

A/GPa 12.46

B/GPa 0.922
R, 4.41

R, 1.117
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Table 2 Parameters of Steinberg-Guinan model of two types of

aluminum sheets and AZ31B magnesium

Parameter 1060Al AZ31B 2024Al
plg-em” 2.70 1.78 2.78
G,/GPa 27.1 16.5 28.6
Y/MPa 40 190 260
Y ./MPa 480 480 760
p 400 1100 310
n 0.270 0.120 0.185
Gy 1.767 1.700 1.865
G!'/MPa-K' —-16.69 -83.99 -176.20
Y, 0.0026 0.0196 0.0169

T /K 1220 1150 1220




.« 136 - WA EEMES TR

554 3%

3 TA2 4 Johnson-Cook #REIS ¥
Table 3 Parameters of Johnson-Cook model of TA2
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Table 5 Numerical calculation model parameters of explosive

Parameter Value welding of multilayer lightweight metal
plg-em” 4.51 Material Model size Method Element size
G/GPa 45.0 Explosive 150 mmx37 mm Euler 0.2 mmx0.2 mm
A/MPa 384 A 150 mmx2 mm ALE 0.2 mmx0.2 mm
B/MPa 755 150 mmx2 mm SPH 0.05 mmx0.05 mm
C 0.79 1060Al 150 mmx1 mm SPH 0.05 mmx0.05 mm
m 1.394 AZ31B 150 mmx3 mm SPH 0.05 mmx0.05 mm
n 0.03 150 mmx2 mm SPH 0.05 mmx0.05 mm
2024A1
T /K 2260 150 mmx8 mm ALE 0.2 mmx0.2 mm
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Table 4 Parameters of Shock state equation of four metal

materials
Material r c,/m- s S,
TA2 1.23 5020 1.536
AZ31B 1.54 4520 1.242
1060A1 1.97 5386 1.339
2024Al 2.00 5328 1.338
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Fig.1 Numerical calculation model of explosive welding of multilayer

lightweight metal
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Fig.2 Microscale numerical calculation model of explosive welding
solder joint region: (a) Ti/Al, (b) Al/Mg, and (c) Mg/Al
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Fig.3 Numerical calculation results of explosive welding of multilayer
metal sheet at different time: (a) =36.28 ps, (b) =43.75 ps, and
(c) =58.63 pus
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Fig.4 Pressure distribution nephogram of explosive welding interface (a) and pressure distribution curves of 20 gauge points at the joining
interfaces (b—b,) of multilayer metal sheet at =58.63 ps: (b,) 1060A1/2024Al; (b,) AZ31B/1060Al; (b,) 1060AI/AZ31B; (b,) TA2/1060Al
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Fig.5 Effective plastic strain distribution nephogram of explosive welding interface (a) and effective plastic strain distribution curves of 20
gauge points at the joining interfaces (b, —b,) of multilayer metal sheet at /=58.63 us: (b)) 1060A1/2024Al; (b,) AZ31B/1060Al;

(b,) 1060AI/AZ31B; (b,) TA2/1060Al
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Numerical Calculation Study on Interfacial Microstructure Characteristics of Multilayer
Metal Composite Materials
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Abstract: With the rapid progress and development of technique and equipment in the field of aerospace and weapon protection, it is of great
significance to accelerate the development and research of new metal composite materials with lightweight and high-strength properties. In this
research, the multiscale numerical calculation method was used to explore the variation law of interface characteristic parameters as well as
atomic-scale diffusion behavior and characteristics of the interface of explosive welded multilayer metal composite materials. The results show
that with the passage of time, the dynamic collision angle increases slightly in the initial stage and remains stable in the middle stage. The joining
interface shows obvious waveform structure characteristics. The pressure distributed at the joining interface of the multilayer composite sheet is
significantly higher than that in other regions of the sheet, and the pressure of the bonding interfaces decreases gradually from top to bottom. The
effective plastic strain at the bottom interface is slightly higher than that at the other three interfaces. Under microscale collisions at different
speeds, obvious atomic diffusion occurs at all three solder joints. As the impact speed decreases, the thickness of the atomic diffusion layer at the
interface also decreases. The thickness of the three diffusion layers ranges from 1.12 um to 1.58 pm, 1.8 um to 2.55 pm and 1.22 um to 1.73 pm.

Key words: multilayer metal composite material; explosive welding; interface microstructure; numerical calculation
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