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Abstract

The existence of different thermodynamic properties results in various undesirable effects, such as thermal
deformation and residual stress, in heat-welding processes. The solid-state junction, by using explosive or
electromagnetic forces, i.e., high-velocity impact welding without employing heat is advantageous in joining
materials with different thermodynamic properties. In the solid-state junction, the joining is performed within a
short time , a high velocity and large deformations are accompanied by interfacial surfaces. The numerical
analysis models play an important role in the understanding of the mechanism of high-velocity impact
welding. However, in the analysis of high velocity and large deformations, the conventional Lagrangian
method has low reliability due to the occurrence of entanglements. In this study, high-velocity impact welding
between Cu and CP-Ti with different thermodynamic properties was performed using a un-gridded numerical
method, SPH (Smoothed Particle Hydrodynamics), and interfacial morphology occurred. As a result of the
analysis, the interfacial morphology was confirmed and the compared degree of shape (straight, vortex),
period, length, and so on appeared differently depending on the relationship between the parameters (impact
angle and speed).
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Fig. 1 High-velocity impact welding experimental
setup with stand-off block
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Fig. 2 Types of interfacial morphology in impact welding, between nickel and steel(grade 1008), (a) a straight
interfacial morphology, (b) wave interfacial morphology, (c) wave with vortices interfacial morphology
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Fig. 4 Interfacial morphology between flyer and base plate. (a) ~ (c) is results from impact velocity
v=200m/s and impact angle 3=10° 15° 20° (d) ~ (f) is results from impact velocity

v=400m/s and impact angle =10° 15° 20° (g) ~ (i) is results from impact velocity
v=600m/s and impact angle 3=10° 15° 20°.
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Table. 1 Material properties used in numerical
simulation by SPH analysis[2, 11]

i [ o [ pean ( Em i | Bt
(GPa) (GPa) (w/mk)

Cu 17 3060 033 n 30 55

CP-T: 15 1510 037 15 164 523

Materidls | A (MPa) B (MPa) n ® m Tnatt (K)

Cu 90 2% 031 025 109 1356

-1 39 868 149 0.0194 058 1938
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Fig. 5 Measurements of

include wave-height( H),
length(Z).
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Table. 2 Results of wave-period(\) from analysis
except 200m/s cases.

Yelocity Angle Min. Max, AVG, Std.
(m/s) ) (rm) (mm) (mm) Dev,
10 0.247 0.374 0.31 | 0.045

400 . 15 0.382 0.575 - 0.450 0.056
20 0.506 0.718 - 0.627 | 0.070

10 0.181 0.230 0.21 0.017

£0D 15 0.245 0.629 0.428 ‘ 0137
20 0.406 0.967 - 0.698 0.213

Table. 3 Results of wave-height(H) from analysis
except 200m/s cases.

Yelocity Angle Min. Ma, AVG, Std.
(m/s) ) {mm) (mm) {mm) Dev,
10 0.041 0.087 0.058 0.014

00 15 0.048 0083 | 0.086 0013
20 0.067 0.133 0.090 0.023

10 0.002 0.093 - 0.073 | 0.014

£00 15 0.045 0.243 0.140 | 0.070

. 20 0.078 0.367 - 0.218 0.106

Table. 4 Results of wave-length(Z) from analysis
except 200m/s cases.

Velocity Angle hin. hd &, AVG, Std.
{m/s) ) mm)  (mm) {mm?} Dev.
10 0007 0187 0145 | 0023
400 15 oir1 027 0288 | 0027
20 0195 | 0332 | 0271 | 0.047
0 0125 0207 0% | 002
600 15 | 0169 | 043 | 0306 | 0086
20 0318 0656 0513 0124

Direction of welding

Fig. 6 Interfacial morphology increasing its size
according to y direction results from impact
velocity 600m/s and impact angle 20°

(b)

Fig. 7 At time 5ps, (a) is result from impact
velocity 400m/s, avg. welding velocity V
is 1.6km/s, and impact angle 15° (b) is
result from impact velocity 400m/s, agv.
welding velocity V' is 1.2km/s, and impact
angle 20°.

(b)

Fig. 8 At time 3ps, (a) is result from impact
velocity 600m/s, avg. welding velocity V
is 2.5km/s, and impact angle 15° (b) is
result from impact velocity 600m/s, avg.
welding velocity V' is 1.9km/s, and impact
angle 20°.
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