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State of the art

Rsetup I(t)
e WA >
1 Coil Electromagnetic forming (EMU) of sheet metal
Workpiece
:"-. Deformed geometry
", Research areas
Capacitor Velocity measurment o _
bank ¥ : « Prediction of the workpiece geometry after the
forming process
~—_ » Design of the coll (tool) to increase tool life
Lorentz force
- . « Optimization of different process parameters
Current measuremt;nt
Data processing
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Disadvantages of the current numerical approach (LS-Dyna/FEM+BEM)

Input

Current curve

Objective

Boundary conditions

Material data

Formed part

Thermo-mechanical electromagnetic model

Technical questions

Coil geometry

Meshing

Current amplitude/
frequency

Simulation parameters

Objective

. Inflexible setup
Long solution times

No symmetry

Not open source/
Expensive
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Semi-analytical — Common inputs I Numerical model
model Coil geometry (LS-Dyna)
Current curves

Boundary conditions

Current density (e.g. FEMM)
Electromagnetically calculated Electromagnetically calculated
forces forces
Numerical: Mechanically Mechanically calculated
calculated displacements displacements
g |
. Institute of
7 Objective U L Forming Technology and
Lightweight Components



Contents

* Introduction
* Objective
« Semi-analytical model

 Development
- Validation

 Conclusion

PR

Institute of
. Contents Forming Technology and

Lightweight Components



Assumptions of the model

Lorentz force

*

Assumptions
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E » No displacement of the workpiece
|
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« All current flows in the upper layer

A

« Current density variation only in y-direction - J(y)

L Workpiece
Y °
| R | No temperature changes
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! Coil turn
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Structure of the model

Sheet sub-element Sheet element

Coil sub-element /]
y
Yo S}) 7
X
.. y1
6AW-5083_:_1/ ------------------ W ------- /""-""7////7/- ----------------- / -""74-“""“"“"‘;% ----------------- 7 -------
¥ v " Current density

6Ct|1Cr1 ZrT— ---------- | M .
Min.

ot element B -
>
Discretization - -
r\

Semi vtical del Institute of
10 emi-analytical moae Forming Technology and
Lightweight Components

v
Skin depth

Current density distribution




Semi-analytical calculation procedure

Start
Lorentz force
l Frorentz =] X B
Experimental input current Calculate Magnetic field B b

> Calculate Indgcefi current
density |

Implemented in Matlab
&
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Current density distribution in the coill

Current density J in MA/m’

52350

Influencing parameters

» Distance between coil turns (p) b

« Skin effect r .
» Electrical conductivity

« Shape of the cross section

24800

1
J i
‘Jmax
- p
2 Stromdichte aus FEMM 0
c
3 0.6
=
o
3
3 » Previous analytical models ignore the proximity effect
N
E 0.3
S * Only for very simple cross sections (rectangular,
circular)
0
-0.5 0 0.5
Normalized coordinate over coil width b '—-\
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Mutual Inductance

Interaction between the magnetic field of two electrical conductors
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Here, I is the input current
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Induction current

Sheet element End element |
Induced current paths are known ]
' Rm + !
VYWV
N N HEP R R B A il |
Resistance (R,) of an element
I Induced electric Rs R, y
R, =— potential X
gA
T Vo | v
[ - Element length |
. WA IWA
A - Cross-sectional area of the element |
o - Electrical conductivity I |
2 I1 |
A\ Y |
R :
From Ohm's law . VAN |
1 I
|
|
Vsl = [V] = RslI] '
Symmetry line
& (Top view)
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Magnetic field (B)

Calculation based on the current with Biot-Savart's law

1
[ \ \
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—<«—@®——————— Workpiece

Magnet field line
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Semi-analytical model

Biot-Savart's law
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Results and validation

Lorentz force distribution in the workpiece
Sheet element

Florentz =] X B
1.20E+11 - - . R X

Discharge energy = 3 kJ, Coil proximity = 5 mm — LS_Dyna

1.00E+11 === Analytical |
= | o
> 8.00E+10 : ______ G
R i

5 6.00E+10 i p2

L ! '
- |
S 4.00E+10 ;
N Time-dependent input current
& 2.00E+10 I =I,e ™ sin wt
3 |

0.00E+00 Time dependent force
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F = Fye ?* sin? wt
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Path in y-direction in the workpiece in mm



Results and validation

Simulation for validation in ABAQUS Comparison of the final workpiece geometries

6

Discharge energy = 3 kJ, Coil proximity = 5 mm =~
5
z / \\

Analytical force distribution (volume force) * // \\\

Displacement in z-direction (mm) , // \\\\
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. 5 . 34 ; ‘; === Experimental (ARGUS) \\

=== Analytical-Numerical
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z-coordinate in mm
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y-coordinate in mm
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Conclusion and outlook

« Development of a semi-analytical model, without additional time needed to solve multiple coil turns
« Use of numerical current density distribution unavoidable

« LS-Dyna modeling replaceable for some cases
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