=] st=AMItE s x|, Al 28 # Al 33,2019

Transactions of Materials Processing, Vol.28, No.3, 2019

http://doi.org/10.5228/KSTP.2019.28.3.135

HA7| 8de &= Sxof it

arsiell. o/ LA, o|F L.

= =

135

ojgMt. L8

Effect of a Coil Shape on an Impulse Velocity of the Electromagnetic
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Abstract

Electromagnetic impulse welding (EMIW) is a type of solid state welding using the Lorentz force generated by
interaction between the magnetic field of the coil and the current induced in the workpiece. Although many experimental
studies have been investigated on the expansion and compression welding of tube using the EMIW process, studies on the
EMIW process of lap joint between flat sheets are uncommon. Since the magnetic field enveloped inside the tube can be
controlled with ease, the electromagnetic technique has been widely used for tube welding. Conversely, it is difficult to
control the magnetic field in the flat sheet welding so as to obtain the required welding velocity. The current study analyzed
the effects of coil shape on the impulse velocity for suitable flat one-turn coil for the EMIW of the flat sheets. The finite
element (FE) multi-physics simulation involving magnetic and structural field of EMIW were conducted with the
commercial software LS-DYNA to evaluate the several shape variables, viz., influence of various widths, thicknesses, gaps
and standoff distances of the flat one-turn coil on the impulse velocity. To obtain maximum impulse velocity, the flat one-
turn coil was designed based on the FE simulation results. The experiments were performed using an aluminum alloy 1050
sheets of 1.0mm thickness using the designed flat one-turn coil. Through the microscopic interfacial analysis of the welded
specimens, the interfacial connectivity was observed to have no defects. In addition, the single lap joint tests were performed
to evaluate the welding strength, and a fracture occurred in the base material. As a result, a flat one-turn coil was
successfully designed to guarantee welding with bond strength equal to or greater than the base material strength.
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Table 3 System circuit properties

Capacitance (uF) | Resistance (mQ) Inductance (uH)

673.6 13.79 1.58
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Fig. 2 Flow curve of AA1050 sheet
Table 2 Material properties
AA1050 | Copper
Density (kg/m°) 2.71 7.92
Elastic modulus (GPa) 68.95 110
Yield strength (MPa) 89.26 129.92
Ultimate tensile strength (MPa) 107.72 230.15
Uniform elongation (%) 2.15 29.74
Total elongation (%) 7.01 52.93
Electric conductivity (MS/m) 35.6 59.6
Magnetic permeability (WH/m) 1.26 1.26
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Fig. 4 Design of the flat one-turn coil actuator
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Table 5 Conditions variation

No. Type Variation (mm)
1 Width 60, 100, 140, 180
2 Concentrated region 3,579
3 Thickness 8.5,12.5, 16.5, 20.5

Gap between the coil
4 1,2,3
and work sheet

o, (MPa) os; (MPa) &

102.7 110.8 0.0062
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Fig. 10 Impulse velocity variation with respect to the shape condition: (a) Coil width, (b) concentrated region, (c) coil
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