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1. Introduction and Motivation

Several studies involve specific situations for forming of tubular

parts by solenoid coils, while few studies have analyzed sheet metal

forming by flat actuator coils[1];

This work presents a mathematical model of the electromagnetic

forming system and numerical methods for solving a specific problem

at the initial instant before plastic deformation of circular metal sheets

by using a flat spiral actuator coil;

These method discretizes the flat spiral coil and the blank in

elementary segments of conductor rings, allowing the system to be

represented by a set of differential equations, thus the calculation of the

electromagnetic coupling between actuator coil and workpiece.
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1. Introduction and Motivation

The electromagnetic problem is formulated in terms of the

magnetic field and the electrical problem as a circuit with mutual

inductances.

Experimental results are also presented for different thicknesses of

aluminum plates and the results are compared with numeric solution of

mathematical modeled in software Matlab.
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2. Description of the Electromagnetic Problem

A schematic model of the system analyzed is presented below which

shows a circular clamped metal sheet placed above a flat spiral coil

connected to a charged capacitor bank.
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2. Description of the Electromagnetic Problem

The mechanical and electromagnetic phenomena of the process are

strongly interrelated, and the deformation of the workpiece affects the

magnetic field and, consequently, the Lorentz forces developed.

An approximate but a more realizable approach is to treat the process as

a loosely coupled problem, disregarding the influence of deformation of

the workpiece on the evolution of the magnetic field, and then apply the

generated forces by the electromagnetic field in the mechanical problem

[2].
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2. Description of the problem: an analogy to electrical

circuit
 

The transient electromagnetic problem can be separated in a primary RLC

circuit coupled with secondary RL circuit [4], [5]. Whereas the discharge of

the capacitor in the primary circuit, we can write the differential equation:

Where La, Ra and Vc are the self inductance, resistance of actuator coil and electric

potential in capacitor bank. M is the mutual inductance between the actuator coil and

workpiece. Ia and I1 is the discharge current in actuator coil and the induced current in

workpiece.
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Where L1 and R1 are the self inductance and resistance of workpiece.
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These method discretizes the flat spiral coil and the blank in elementary

segments of conductor rings in an axisymmetric configuration (in this

work: 6 spaced rings for the coil and 12 consecutive rings for the blank).

3. Basic description of the mathematical model
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For the initial instant before plastic deformation occurs, the following set of

differential equations is valid:

This system of differential equations of first and second order is solved

by a resident function of the software Matlab®  after the discretization of

the workpiece in a finite number of conductive turns.
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3. Basic description of the mathematical model
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4. Magnetic Field: Biot-Savart Law
 

Law of Biot-Savart for Calculation of the Magnetic Field Produced by a

Circular Loop at any Point in Space.
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4. Magnetic Field: Biot-Savart Law (cil. coord.)
 

Equations (6), (7) and (8) are used to calculate the three components of the

vector density of magnetic field B at the point p in cylindrical coordinates.

These equations can be solved analytically only for points located in the

center of the circular geometry and p (0,0,z).

In this study, resident functions of software Matlab were used to the numerical

solution of the above integral equations.
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4. Magnetic field: radial component
 

Considering the symmetry of

the problem these values are the

same for any position in relation of

the revolution axis z in the center of

the spiral coil.

Real and simplified  models

of the flat spiral coil actuator

used in this study.
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5. Calculation of the electromagnetic force
 

The workpiece is discretized in 12 coaxial circular elementary

conductors (L1, L2...L12), where L1 and L12 are the outer diameter and

inner diameter respectively;

The greater the number of circular conductor elements more accurate

is the model but more processing time is needed. The electromagnetic

force generated by each circular conductor can be calculated by:

Where Fn, Br, Ia, In, cn is the force in circular conductor of the workpiece, the magnetic

field in radial direction, the discharge current in actuator coil, the induced current in

conductor on the workpiece and length (perimeter) of the circular conductor n of the

workpiece
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6. Parameters of the Electromagnetic Forming

System

 

This model was primary used to develop a system of electromagnetic forming

of thin metal sheets (blanks) by using a flat spiral coil:

Equipment  Parameter  Value 

Actuator Coil of 

Electrolytic 
Cooper  

Numbers of turns  6 

Diameter  biggest turn  120mm  

Pitch 10mm  

Cross s ection 4 x 4mm  

Self inductance  (La) 1.0326μH 

Resistance  (Ra) 1.4m  

Capacitor  bank 

Capacitance  8400 F  

Maximum voltage  900 V 

Maximum energy  3.4kJ 

Workpiece  

Material  Aluminium  AA1100 

Thickness  0.3, 0.5 and  1mm 

Blank d iameter  170 mm 

Resistivity  .mm 

Gap between actuator and metal sheet  1.5 mm 
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7. Results and discussion

Where,

Ia: current in the actuator coil;

I8: induced current in the workpiece (for the 8th concentric ring);

Peak of electric current in the actuator remained almost constant; biggest changes

occur in the induced currents (red arrows);

It is also observed different phases between the current in the coil and in the

workpiece in respect to its thickness (blue arrows);

This system behaves as a underdamped RLC circuit and the current in the  actuator

coil and workpiece are opposites. The first peak of the induced currents are around :

-0.38kA (0.3 mm), -0.55kA (0.5 mm) and -0.83kA (1 mm).
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7. Results and discussion

In respect to the  maximum axial transient electromagnetic force:

The greater the difference phase between the current in the coil actuator

and the induced current in the workpiece causes a greater back

electromagnetic force (second half wave/ first positive peak) when it’s

compared with electromagnetic force of repulsion (first half wave/ first

negative peak);
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7. Results and discussion

Distribution of the repulsive force for axisymmetric problem:
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7. Results and discussion

Electromagnetic forming:

0.3mm 1mm0.5mm

Experimentals results shows the influence of back electromagnetic force

(second half wave) in thinner sheets when it’s compared with electromagnetic

force of repulsion (first half wave).
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8. Conclusions

In this work it was developed a numerical method which can

simulate the electromagnetic forming of metal sheets at the initial

instant before plastic deformation. The algorithm was implemented in

software Matlab®;

It can be observed in practical experiments that the back

electromagnetic force in thinner metal sheets prevents the

electromagnetic forming with proposed system in this paper;

This mathematic model showed satisfactory results when compared

with experiments, serving as a tool for design of actuators and

electromagnetic processes.

 In this algorithm the process parameters can be easily changed and

its theoretical background is easily evidenced. Also, it facilitates the

understanding of the electromagnetic problem;
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9. Future works

With the aid of this model it is intended to determine the

equivalente inductance and resistance of the primary circuit (EMF

machine);

The self inductance of workpiece and mutual inductances

changes as workpiece deformation occurs, hence it’s necessary to

recalculate the currents and electromagnetic forces for each

deformation increment of the workpiece. Next goal is to implement

such feature in to the present model.
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