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Introduction

Introduction

Deformation of metal pieces using electromagnetic field

Magnetic pulse generator : represented by an RLC circuit

Welding, forming and crimping of metal pieces.

Thermal behaviour in the coil of the generator : 34°C at a current peak of 150 kA.
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Introduction

MPW process

Sudden discharge of power capacitors through a massive coil of copper alloy using
Spark-gaps.

Induced eddy current in the workpiece.

A magnetic field is genertaed of micro-Teslas arround the coil to a few Teslas at the center of
the coil.

Analytical design of the massive one turn coil using mutual inductance between two circular
coils.

Measuring the magnetic field arround the coil using a flux loop.

Magnetic pulse welding process (Shribman, 2007)
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Analytical Model

Analytical Model

Mutual inductance of two circular coils

A massive one turn circular coil is equivalent to a multi-turn one where each turn is
represented by an inductance Li connected to a resistance Ri

The representation depends only on the geometry of the coil.

representation of a massive coil by a multi-turn coil
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Analytical Model

Analytical Model

Representation of the main coil and the flux loop

Each loop of the coil is presented in figures below by spire 1.

To obtain magnetic field, we used a flux loop, which is represented by spire 2.

Experimentally, the magnetic field arround is measured by connecting a flux loop, of radius
6cm and made of a copper wire, to an oscilloscope with a bandwidth of 1 GHz.

Coaxial configuration of coils Non-coaxial configuration coils
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Analytical Model

Analytical Model

Mutual inductance

Circular coaxial and parallel coils

M = µ0 k
√
ab [( 2

k2 − 1)K(k) − 2

k2E(k)]

Non-coaxial parallel circular coils

M12 = µ0πab ∫∞0 J0(sy)J1(sa)J1(sb)e(−s∣h∣)
ds

Measuring magnetic field using flux loop

The voltage in the flux loop is :
V2 = ωMIc

Magnetic field measured by the flux loop :

B =
V2
ωS

Where S = π
2
b : area of the spire and Ic is the current in the main coil
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Numerical Modelling

3D Modelling

3D representation of the main coil

real coil 3D model using finit element method

Material parameters

Coil dimensions
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Current density distribution

Current density distribution

System of equations solved by Ls-Dyna

∇(σ∇⃗φ) = 0

σ
∂A⃗

∂t
+ ∇⃗ × ( 1

µ0
∇⃗ × A⃗) + σ∇⃗φ = J⃗s

F⃗ = j⃗ × B⃗

Representation of the massive coil using finit element method
The current is injected in bars of 20 mm width.

Current pulse in the coil current distribution in the coil at Ic = 150kA
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Current density distribution

Magnetic field H and Lorentz force density F

Magnetic field induced by the massive coil Lorentz force magnitude

The first big bumps in magnetic field and Lorentz force correspond to maximum and
minimum current magnitude.

When Ic = 0, J represents the generated eddy current in the coil.

Presence of magnetization and hysteresis phenomena in the coil.
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Analytical and experimental results

Analytical and experimental results

The flux loop was placed respectively at 1m, 1.5m and 2m from the massive coil.
The approximation between the analytical model and the massive coil in numerical simulation
is due to the concentration of current density distribution in the center of coil.

Magnetic field at 2.5 kV Magnetic field at 5.5 kV

Magnetic field at 8.5 kV
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Conclusion

Conclusion and perspecitves

Conclusions

Analytical modelling using a multi-turn coil can replace a massive one in terms of the
produced magnetic field around it.

Measuring magnetic field around the massive coil using a flux loop.

using multi-turn coil designed analytically, we avoid heavy numerical simulations.

Approximation between the analytical model and the massive coil in numerical simulation in
term oof current density distribution

Perspecitves

Effect of the machine in an industrial environment on instrumentation equipment such as
sensors

Calculate analytically the Lorentz force applied on workpieces of different materials.
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