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Abstract 

Magnetic pulse welding (MPW) is an impact welding technology for producing metallic bonds of similar and dissimilar materials 

offering advantages such as avoidance of temperature induced problems. Based on the parameters describing the collision of the 

joining partners, specifically the impact angle and impact velocity, so-called welding windows describe whether or not welding 

will be successful for a specific material combination. However, as in MPW collision parameters depend on equipment and setup 

dependent parameters, using these welding windows for process design requires knowledge about the adjustment of the collision 

parameters via the adjustable process parameters. Therefore, the influence of adjustable process parameters on collision 

parameters and resulting weld quality is analyzed and trends, for a target oriented process and joint design, are deduced. 

Specifically, joining of copper to aluminum, copper to copper, aluminum to copper and aluminum to stainless steel is regarded.  
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1. Motivation 

Rising awareness of responsibility for environmental protection and saving of energy and resources in society 

and politics which is fixed in national and international laws and agreements as e.g. the Agenda 2030, increasingly 

influences industrial manufacturing. This manifests e.g. via the increasing demand for lightweight construction 
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approaches. For many years multi-material design has been a well-known strategy that allows weight savings, 

higher product performance and cost reduction at the same time [1], [2], but the realization of optimized multi-

material products is frequently limited by the joining technology. Conventional (thermal) techniques reach their 

limits when it comes to joining of material combinations featuring significantly different melting temperatures or 

tending to form brittle intermetallic phases such as aluminum and stainless steel or copper and aluminum.  

2. Fundamentals of magnetic pulse welding 

Magnetic pulse welding (MPW) is an innovative technology for producing metallic bonds of similar and 

dissimilar metals. The setup of the process, which is based on the electromagnetic forming technique, consists of the 

inductor (i.e. the tool), the pulsed power generator (i.e. the machine), the flyer (i.e. the accelerated joining partner), 

the target (i.e. the static joining partner) and additional elements ensuring that flyer and target are positioned with a 

defined small gap ginitial in-between them (see Figure 1a). As explained in [3] discharging the capacitor of the pulsed 

power generator via the inductor generates a time-dependent current I(t) in the inductor and a corresponding 

electromagnetic field. This induces a second current in the flyer. The interactions of the currents and the magnetic 

field result in Lorentz forces, which accelerate the flyer to velocities of up to some hundred meters per second 

towards the target and make the two joining partners collide with each other as shown in Figure 1b. The initial gap 

between flyer and target, which is indispensable for the process, significantly influences both, the available space for 

accelerating the flyer and thus the achievable impact velocity and the impact angle of flyer and target. If these 

parameters are suitable, a metallic bond is formed without largely heating the parts. Thus, temperature induced 

problems of conventional welding such as heat distortion, forming of intermetallic phases and thermal softening are 

avoided and high-quality joints can be achieved. The process requires no additives and shielding gases, it is flexible, 

shows good reproducibility and high automation potential [4]. Feasibility was proved for multi-material welds as 

e.g. aluminum and iron, nickel and copper [5], aluminum and steel [6], or aluminum and titanium [7]. This shows 

high freedom regarding material combinations, but it must be considered that the process principle requires high 

electrical conductivity of the flyer. 

 

 

Figure 1. (a) Cross section of the setup; (b) Forming states; (c) Theoretical welding window according to [8] 

In literature, collision parameter based welding windows are suggested as a process design tool for MPW. They 

indicate if welding results for a specific constellation of impact angle and impact velocity (see Figure 1c). Such 

welding windows are well-known from explosive cladding, another but with regard to safety issues much more 

critical impact welding technology, but direct transfer of the process windows quantified for explosive cladding to 
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MPW is not possible [9]. Nevertheless, collision parameter based welding windows can be a powerful tool in the 

design of MPW processes, too, because they are independent from the individual equipment or setup. Thus, efforts 

have been made to quantify welding windows for MPW [10], [11]. However, their use in practice is complicated, 

because collision parameters cannot be directly adjusted and moreover welding windows only differentiate between 

collision parameters that are not expected to lead to welding and those that are expected to lead to welding without 

giving detailed information about the resulting weld quality. 

3. Procedure of the joining process analysis 

Therefore, a process analysis of MPW of sheet metal lap joints was performed studying the correlations between 

the most important adjustable process parameters, the collision parameters and important weld quality characterizing 

parameters for different material combinations and flyer thicknesses tflyer. Precisely MPW of aluminum (EN AW-

1050) flyers to copper (Cu-DHP) targets and stainless steel (1.4307) targets as well as MPW of copper (Cu-DHP) 

flyers to aluminum (EN AW-1050) targets and copper (Cu-DHP) targets was considered. Regarding the adjustable 

process parameters the capacitor charging energy of the pulsed power generator E, the initial gap width between 

flyer and target ginitial and the overlap of flyer and inductor quantified via the position of the flyer edge in relation to 

the center of the coil xflyer (see Figure 1) were considered. Collision parameters were quantified as impact velocity v 

and impact angle α. Weld quality was evaluated via the transferable force under lap shear loading, the width of the 

weld seam and, as the regarded material combinations are of special interest for applications related to current or 

heat conduction, the electrical resistance of the weld. The latter one is related to the thermal conductivity via the 

Wiedemann-Franz law, so that measuring heat conductivity is not necessary. 

The analysis was performed as a combined numerical and experimental approach. Based on a design of 

experiments 83 different parameter sets were selected. For all parameter sets three MPW experiments and a three-

dimensional coupled electromagnetic and structural mechanical simulations were performed. The model was set up 

in LS-DYNA due to the sophisticated FEM-BEM electromagnetic solver which is well suited for problems featuring 

large deformations of parts from the EM domain and for the coupling to the mechanical domain. More detailed 

information about the modelling especially condisering e.g. discretization or choice of the timestep is given in [11]. 

Current courses, measured during MPW tests served as input data for defining the acting loads in the simulation. 

Material modelling was based on material characterization via quasistatic and high-speed tensile tests and electrical 

conductivity measurement. Important results of this characterization are summarized in Table 1. An exemplary 

comparison of the cross section geometry in the welding zone determined via numerical simulation and resulting 

from the experiment is illustrated in Figure 2 together with the measured course of the inductor current. The good 

agreement of the shapes serves as verification of the simulation. 

Table 1: Average characteristics measured for the different materials considered in the study 

Material Quasistatic tensile tests (strain rate 0.0003/s) High-speed tensile tests (strain rate 250/s) Electrical 

conductivity 
Yield stress Tensile strength Yield stress Tensile strength 

EN AW-1050 120 MPa 125 MPa 140 MPa 160 MPa 36.5 MS/m 

Cu-DHP 218 MPa 300 MPa 246 MPa 377 MPa 52.6 MS/m 

1.4307 275 MPa 700 MPa 450 MPa 730 MPa 1.4 MS/m 

 

As a result of the numerical simulation the collision parameters impact angle and impact velocity are determined, 

because these parameters are difficult to be measured during MPW tests. Unlike in case of explosive cladding, these 

values vary along the impacting position in case of MPW [8], [11]. However, to allow a statistical analysis of the 

influences, one characteristic value for the impact velocity and angle is required. In this study the focus was put on 

collision parameters at a distance of 2 mm from the flyer edge, because in nearly all cases for which welding was 

achieved, this position was in the welded area.  

The weld characterizing parameters were quantified experimentally. For this purpose three specimens were 

prepared from a hybrid sheet, which were used for electrical resistance measurement and for lap shear tests. 
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