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Gas shock waves in the gap between the base and
cladding plates during explosive welding
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(State Key Laboratory of Structural Analysis for Industrial Equipment, Department of Engineering Mechanics, Faculty of
Vehicle Engineering and Mechanics, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract: A theoretical model for shock wave propagation was established to study the airflow in the gap between the base
and cladding plates of explosive welding, and the gas shock wave channel effect between the base and cladding plates was
proposed and explained by theoretical analysis and calculation. The results show that the channel effect can push up the tail of
the cladding plate before the collision point of explosive welding, and then causes the welding energy of the plate tail to
increase too high or the explosive on the plate tail to be pressed dead. Therefore, the channel effect in explosive welding is the
primary reason for the failure or quality reduction of the tail welding of long and large clad plates. In addition, other simplified
theoretical models were used to further analyze various factors influencing on the channel effect, like clad plate width, various
shielding gases and explosive welding in coarse vacuum. The optimization principle of shielding gas for explosive welding was
explained, and also the helium-shielded explosive welding of titanium/steel and aluminum/magnesium was processing as
experimental verification. The theoretical foundation for the further development and research of gas-shielded explosive
welding and vacuum explosive welding was built up in this paper.
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Table 1 Parameters for gas shock wave in explosive welding at v,=2 400 m/s

RLSES M y c/(ms™) po/(kgm™) Dlv, p/MPa clvy
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(a) Detonation velocity against shock wave velocity
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Fig. 2 The intensity of gas shock wave between the base and cladding plates

(b) Shock wave pressure against shock wave velocity
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Fig. 3 Relation between the motion of the cladding plate tail and the plate length at v,=2 400 m/s
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Fig. 6 Intensity of channel effect in explosive welding between base and clad plates at various atmospheric pressures
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Fig. 7 Metallographic of the explosively-welded titanium-steel interface shielded by helium compared with one in air
((a), (c) in helium; (b), (d) in air)
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