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1
1.1
304 stainless steel SS Ni/SS
[9-10]
200 mmx110 mmx1.5 mm 200 mmx100 mmx6 mm 1
2
1
Table 1 Chemical composition of experimental materials
Materials Ingredient Mass fraction/% Materials Ingredient Mass fraction/%
Ni 99.990 Fe 71.199
Si 0.001 C 0.780
w 0.001 Si 1.000
Ta 0.001 ss Mn 1.950
Ni Fe 0.001 0.033
Nb 0.001 0.028
C 0.001 Ni 8.010
] 0.002 Cr 17.000
N 0.002
2
Table2 Material parameters of base plate and flyer plate
. . . . Thermal conductivity/ Specific heat capacity/
Materials Yield strength/MPa Melting point/
: oP W ) (kg K
Ni 380 1453 91 444
SS 550 1440 16 500
3
(1 Table 3 Components of emulsified matrix
50 ym Ingredient Mass fraction/%
2400 m/s NH,NO, 73
15 mm NaNO, 8
3 H,0 10
1.2 CueHa 6
1(a) C24H1,06 3
Ni
ss 1(b)
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Fig. 1 Schematic diagram of explosion welding

2 SEM
EDS EBSD
Ni/SS
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EBSD
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100 !
2 mm
Fig. 2 Schematic diagram of tensile specimen (Unit: mm)
1.3
(12-13] ANSYS/
AUTODYN Ni/SS
1/4
Vg B
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[15-17]
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3 SPH
Fig. 3 Two-dimensional SPH model of explosion welding in numerical simulation

4 Mie-Gruneisen shock Steinberg-Guinan
Table 4 Material parameters of Mie-Griineisen shock equation of state and Steinberg-Guinan intensity model

Materials Density/(g-cm™) y Initial shear modulus/GPa Initial yield stress/GPa Hardening constant

Ni 8.9 1.93 85.5 0.14 46

SS 7.9 1.93 77.0 0.34 43
2
2.1

4(a) Ni/SS SEM
Ni/SS
Ni/SS
2

@

4 Ni/SS SEM
Fig. 4 SEM images of Ni/SS plate bonding interface

4(b) 4(d) 4(a)
Liang
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5(a)

4(c) “A'-A”

Density
(e #-!3
-\,\\5'-1 =
Material
Iocaﬂon - i
5 Ni/SS SPH (a) (b) (c) (d)

Fig. 5 SPH simulation results of the Ni/SS interface: (a) pressure distribution; (b) density distribution;
(c) material distribution; (d) temperature distribution

2.2
5(a) Ni/SS
[21]
Chu ™ SPH
5(d) Ni/SS
2
5
5(b) Ni/SS
7 g/cm®
4(c)
EDS
2.3 EDS
6(a)
C Si Fe Cr Ni Mn Ni Fe Cr Ni
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6(a) C
O N Fe Cr
C C
-
.-
(b)
Element Atomic percentage/%
Fe c 12.89
Si 0.64
Mn 0.73
. Cr 10.15
3 Fe 35.06
£ Ni Ni 40.53
3
o
Fe .
Ni
8 10 12
Energy/keV
6 Ni/SS (@) (b)
Fig. 6 Elemental analysis results of Ni/SS bonding interfaces: (a) elemental mappings
of the bonding interface; (b) elemental compositions of the mapping area
Ni/SS EDS 7
7 Ni SS Fe Ni
24 EBSD
8 Ni/SS 8(a)
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8(a)
A
Ni 3.56 um Fe
3.87 um 5um
79% 8(a) 8(c)
7 4(c) “A-A”
Fig. 7 Line scan marked results as‘A’-A’ across
the melting zone in Fig. 4(c)
EBSD 2.54 ym

20 ps™*

8 Ni/SS EBSD (@) (b) (c) (d)
Fig. 8 EBSD results of Ni/SS interfaces: (a) inverse pole figure; (b) recrystallization analysis;
(c) grain boundary; (d) kernel average misorientation
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8(b) 3
8(d)
Chu SS
2500 K
8(c) Ni SS low angle grain boundary LAGB 2°<f<15°
high angle grain boundary HAGB 6> 15°
(241 8(d) LAGB
HAGB
HAGB
2.5
9 Ni/SS
5 24 mm 24%
Ni/SS
750
600 |
450 f
300
150
0 . . . .
2 4 6 8 10
Displacement/mm
9 Ni/SS
Fig. 9 Tensile curve of Ni/SS plate
5 Ni/SS
Table 5 Mechanical properties of Ni/SS plate obatined by tensile test
Tensile strength/MPa Yield strength/MPa Fracture elongation/%
709 581 24
Ni/SS SEM 10
Ni/SS 10(a) Ni/SS 10(b)
SS
Ni Ni Ni
10(d) 10(f)
el Ni
SS
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10 SEM (@ (b) Ni/sSS () (@Ni (e) (fSs
Fig. 10 SEM images of tensile fracture surfaces: (a)—(b) Ni/SS interface; (c)—(d) Ni side; (e)—(f) SS side

3

(1) Ni/SS

(2) EDS

(3) EBSD

(4) Ni/SS
705 MPa 24%
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Experimental Study and Numerical Simulation of Explosive Welding
of Nickel/304 Stainless Steel

ZHUO Ran', XIE Xinghua?, WANG Can®

1. School of Safety Science and Engineering, Anhui University of Science and Technology, Huainan 232001, Anhui, China;
2. School of Chemical and Blasting Engineering, Anhui University of Science and Technology,
Huainan 232001, Anhui, China

Abstract: Ni/304 stainless steel laminated composite materials were successfully fabricated using explosive
welding to investigate the microstructural characteristics and the formation mechanism of interface. The
microstructural characteristics of the composite plate were analyzed using scanning electron microscope
(SEM), energy-dispersive spectroscopy (EDS), and electron backscatter diffraction (EBSD). The mechanical
properties of the composite plate were evaluated through tensile tests. Additionally, the smooth particle
hydrodynamics (SPH) method was employed to numerically simulate the high-speed oblique impact welding
process. The results indicate that the Ni/304 stainless steel composite plate exhibits a continuous wave
bonding interface, which is consistent with the numerical simulation results. The variation in interface
density promotes elemental diffusion, while the bending of grains reflects the material movement
characteristics during wave formation. The recrystallization process is influenced by dislocation density,
leading to the formation of fine-grained regions at the Ni/304 stainless steel interface. The tensile strength
and elongation at fracture of the composite plate reach 705 MPa and 24%, respectively. The high bonding
strength is primarily attributed to the formation of a continuous wavy interface structure.

Keywords: explosive welding smoothed particle hydrodynamics simulation mechanical properties
bonding interface microtopography
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