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Attractive electromagnetic force flanging method for small
tube fittings with magnetic field shaper
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Abstract: Aiming at the electromagnetic flanging process for small aluminum alloy tube fittings, the driving
coil is placed on the outside of the end of the tube, and the dual-frequency discharge current method is used to generate
the attractive electromagnetic force to realize flanging in the existing method. However, its flanging ability is not
strong, under this background, an attractive electromagnetic force flanging method with a magnetic field shaper is
proposed. On the basis of the existing method, a magnetic field shaper is introduced, which can change the magnetic
field configuration, optimize the electromagnetic force distribution and increase the axial electromagnetic force, so as
to achieve the purpose of enhancing the flanging effect. To verify the feasibility of this method, firstly, the
electromagnetic-structural fully coupled finite element simulation model of the tube flanging process was built, and the
flanging effects after introducing different magnetic field shaper were compared, and it is concluded that the stepped
magnetic field shaper has the best effect. The flanging process were analyzed under the working conditions with
stepped magnetic field shaper and without magnetic field shaper. The results show that the flanging angle of the tube
fittings is increased from 38° to 90° compared with the case without the magnetic field shaper. Further analysis shows
that the radial component of the magnetic flux density and the annular component of the eddy current density increase
to 164% and 135%, respectively. The distribution of the electromagnetic force acting on the pipe fittings changes, and
the density of the axial electromagnetic force increases significantly at the peak time, increasing to 211%. The method

further improves the electromagnetic flanging forming of small aluminum alloy tube fittings, and it has a certain
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significance for expanding the application of electromagnetic forming technology in aluminum alloy tube flanging.
Key words:  small alloy tube fittings, electromagnetic flanging, attractive electromagnetic force, magnetic field

shaper.
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Table 1 Material parameters and geometric

structure parameters of the model

object

parameter

value

AA1060 aluminum alloy tube fitting material parameters

density/(kg'm™)
conductance/(S'm™)
relative magnetic permeability
relative dielectric constant
Poisson's ratio

initial yield stress/MPa

2710
3.76x107
1
1
0.33

98

material parameters of coil and magnetic field shaper (copper)

density/(kg'm™)
conductance/(S'm™")
relative magnetic permeability

relative dielectric constant

8930
5.99x107
1
1

geometric dimensions of the tube fitting

the height of the tube fitting/mm
width of the tube fitting/mm
inner diameter of the tube fitting/mm

outer diameter of the tube fitting/mm

40

10
11

geometric dimensions of the coil

height of a single turn coil/mm
width of a single turn coil/mm
inner diameter of the coil/mm
outer diameter of the coil/mm

the number of turns of the coil

26
32

4x6

geometric dimensions of the magnetic field shaper

outer diameter of the magnetic field shaper/mm

height of the magnetic field shaper/mm

inner diameter of the magnetic field shaper/mm

11

24.5

Co=m=

[] 2o

slow discharge system fast discharge system

A

field shaper

magnetic

Fig. 3  Circuit topology diagram of pulse power system
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Table 2 Pulse power system parameters
slow discharge system fast discharge system
parameter
symbol value symbol/unit value
capacitance Cs/uF 3200 Cr/uF 200
initial discharge voltage Ug/kV 8 Up/kV 6.75
equivalent resistance Ry/Q 0.10 RE/Q 0.09
freewheeling diode Rps/Q 0.02 Rpp/Q 0.02
equivalent inductance Lsg/mH 0.60 Lp/uH 5
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Fig. 5 2D axisymmetric model diagram of small-size tube flanging system
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Table 3 Displacement of point A and flange angle of tube fittings under different working conditions

working condition D,/mm D,/mm 0/1(°)

without magnetic field shaper 2.94 5.52 38

with flat magnetic field shaper 6.27 7.88 64

with stepped magnetic field shaper 7.60 8.20 90

with trapezoid magnetic field shaper 5.85 7.65 68
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Fig. 8 Comparison diagram of electromagnetic force vector distribution at the end of tube fittings
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Fig. 9 Electromagnetic force density comparison chart
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Fig. 10 Comparison of changes in magnetic flux density and eddy current density
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