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Preliminary concepts

|+ I.II g

ELECTROMAGNETIC FORMING (EMF)

Is a process which uses a magnetic pulse to form a
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Sequence of this process :
Discharging the capacitor bank

|
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Producing great highly time varying current and magnetic field
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Inducing Eddy currents in the workpiece

|
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Generating the repulsive force T = S

Mathematical relations : = =
-

_ 9B[T] 2. A el =0
VxE[V/Im]= oths] |:> Joagy[AIM ] =0c[S/m]LE[V /m] |:> F=jxB Z 3
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Energy stored in : : Energy in the Kinetic energy of | !
[the capacitor bank] [Energy e CO'I] [ air gap the work piece !

Circuit Schematic :
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Preliminary concepts

Tube Electromagnetic Forming

» spiral coll
> tubular metallic conductor
»  field shaper

Direction of current

Force occurring in &
a radial pattern
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Qualitative Analysis
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ThiCkneSS Of the Workpiece 2'5“010 Comparison ofind!uced current density in differ!ent layers of tube =
| A | University ==
Deeperlayer_ of Tehran '_E_ ﬁ_:—_' -f—
Eddy currents need time to . =
diffuse into the workpiece. = wife =
Tirme[s] w10 %é__-l.n _E E
And eddy currents do not penetrate the 5m] = 1 N
whole depth of the conductor. 7.t [Hz].o [S/m].u[Wb/Am] ”_jt: =5
w10t Comparison of exerted body load in three different thicknesses ha:;H = -r:%=
] ] | oo =5
The Thickness of the workpiece influences o S
the form of the resultant force. g S
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Qualitative Analysis

Field Shaper

A conductive medium which empowers us to control the University
of Tehran

magnetic pressure exerted on the workpiece.

x10° Body load along z-axis, without fied-shaper % 108 Body load along z-axis, with fied-shaper
a3 ! ! ! ! ! ! ! ! T 05 ! ! ! T T ! T T !

]
n

Load[N/m3]
Load[N/m3]

=
m

‘AverageiLoad
=175 Nim3

g Aéierage Load
=-3 Nfm3

Field-shaper noduld region (w=3cm) :
i i i i

4 L L 1 L L 1 L L 1 : ; : : :
005 004 003 D02 -0.01 0 00 0.02 0.03 0.04 0.05 > 005 004 -003 -002 -001 0 0.01 0.02 0.03 0.04 0.05
z[m] z[m]

«10°  Comparison of produced force for different materials of field-shaper

Field shaper can be made from different i
materials. ‘

Force[N]
w

Titanium

Copper
== =2-layer: Cu-Ti
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Qualitative Analysis
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The deformed shape of the workpiece by of Tehran
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Deformation of the workpiece changes the equivalent
inductance of the system.
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Qualitative Analysis

Frequency of the applied current

University

It influences the amplitude and the frequency of the resultant force.
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X w0 Resultant force, =30 [kMz) %10t Resultant force, =3 [kHz]
v T T T T
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Validating Simulation Results
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Waveform of discharged current
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Resultant magnetic flux density in carried out simulation
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» The thickness of the work-piece should be at least equal to the skin depth of the work-

piece. Otherwise, the desired outcome would not be achieved.

» The frequency of the discharged current has two major influences. The higher the R
frequency is, the better results will be achieved. m = _
» In some application of the electromagnetic tube forming the existence of the field shaper u ; ﬂ‘
is inevitable. f
» Although the variation of the equivalent inductance of the system vs. time is not i'-:_ _
considerable, but if accurate results are needed it must be taken into account. j: J:



Thank You for Your Attention.
Any Questions or Comments?
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