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ABSTRACT Uneven axial deformation is the current main issue of the tubes electromagnetic bulging
technology which calls for innovative and cost-effective solutions. This paper presents a new method to
overcome the above-mentioned issue based on employing a magnetic field shaper. The proposed magnetic
field shaper is employed in the middle of the pipe and the driving coil. Induced eddy current control is realized
by changing the structural parameters of the magnetic field shaper; thereby regulating the electromagnetic
force distribution. The effectiveness of the proposed method is investigated through numerically comparing
the electromagnetic performance of two EMF setups; traditional coil-based loading model and magnetic field
shaper driving coil-based loading model proposed in this paper. The influence of the magnetic field shaper
structural parameters on the tube electromagnetic forming performance is examined for optimum structure
design. Results reveal that the concave profile of the radial electromagnetic force in the traditional loading
method can be effectively improved using the proposed loading in this paper. The introduction of a magnetic
field shaper not only changes the induced eddy current distribution, but also regulates the electromagnetic
force profile in the axial-direction of the pipe which effectively enhances the uniform range of the pipe
electromagnetic bulging, the maximum uniform deformation area is increased from 9mm to 35mm.

INDEX TERMS Electromagnetic forming, Lorentz force distribution, magnetic field shaper, numerical

simulation, uniformity.

I. INTRODUCTION
Electromagnetic forming (EMF) is a technology that employs
electromagnetic-force pulsation to realize metallic workpiece
processing [1]-[3]. Compared with conventional mechanical-
based processing, EMF can improve plastic deformation
ability of materials and enhance their forming limit about
5 to 10 times due to its high strain rate (103-10°s1) [4]-
[6]. Because the electromagnetic force is of a non-contact
nature [7], [8], EMF is able to improve the surface quality
of the formed workpiece [9]-[11].

Based on the processing object [12], [13], EMF is divided
into tube or plate type process [14]-[16]. In both types,
uniformity of workpiece deformation has been a sustained
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issue that has not been fully resolved yet regardless the several
attempts presented in the literature [17], [18]. For example,
a concave driving coil is proposed in [19]. While this type
of coil could improve the uniformity of tube axial forming,
its complex structure may make it infeasible for practical
implementation. A uniform pressure coil is proposed in [20]
to generate uniform electromagnetic force at the center of
the sheet workpiece. This technique could rectify the uneven
electromagnetic force of traditional sheet EMF and has been
successfully used for mobile phone sheet processing. An elec-
tromagnetic gradual bulging process of tube is presented
in [21] in which driving coils are located at the two ends
along with the middle of the pipe. Investigating the influence
of various overlap ratios on the forming uniformity shows
that there is an optimum overlap ratio of the coils at which
the electromagnetic gradual bulging of the pipe achieves the
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best uniformity. In [22], the influence of a stepped magnetic
collector on the axial deformation of a workpiece is ana-
lyzed. Simulation and experimental analyses revealed that
the radial electromagnetic force of the stepped magnetic col-
lector is approximately 23 to 85% more than that when a
conventional driving coil is directly used. A 3D model was
developed in [23] to analyze the electromagnetic field profile
in an EMF system with a magnetic concentrator. Reported
results showed that the magnetic concentrator can improve
the magnetic field profile and its uniformity in a specific
area. Reference [24] introduced a magnetic concentrator into
an electromagnetic welding system to increase the magnetic
field strength and achieve a relatively uniform electromag-
netic force distribution. In [25], it was found that the distance
between the coil and the plate side wall during molding pro-
cess is too far which resulted in inadequate electromagnetic
force on the side wall. As such, a cylindrical tube magnetizer
is proposed in [25] to enhance the electromagnetic force
exerted on the side wall has been increased by about 10 times;
achieving a maximum deformation of 1.18 mm as per the
reported results. A new separable field forming machine
design is proposed in [26] for electromagnetic sheet metal
impact forming. Results showed that the Lorentz force can
be concentrated on a local area of the workpiece which makes
it possible to control the magnetic field pressure distribution
through a proper design of the magnetic concentrator.

In general, the issue of the workpiece uneven axial defor-
mation can be solved through the selection of proper structure
design and placement of the driving-coil [20]-[25]. However,
winding up particular driving coil structures is difficult and
may involve high cost as well. The introduction of a magnetic
concentrator in the literature was mainly to strengthen the
magnetic field and electromagnetic-force on a specific area
with no evidence so far for improving the entire deformation
uniformity of the workpiece.

Based on the above discussion, the key contribution of this
article is to:

- suggest a tube electromagnetic bulging process based on
magnetic field shapers to improve the pipe deformation in the
axial direction.

- present a precise model for the proposed EMF topology.

-investigate the effect of the inner and outer wall heights of
the magnetic field shaper on the pipe EMF performance.

- numerically compare the performance of the proposed
EMF topology with the traditional method.

Il. BASIC PRINCIPLES AND MAGNETIC FIELD SHAPER
COIL

A. BASIC PRINCIPLES

The traditional tube EMF system consists of a capacitor
that acts as a pulsation power supply through a discharging
switch to the main driving coil and the formed tube as shown
in Fig. 1 [27]-[29]. The generated pulse current within the
coil results in an induced eddy current in the tube. As a result,
a huge electromagnetic force is produced that drive the tube
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FIGURE 1. Traditional electromagnetic forming system [29].
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FIGURE 2. Structure diagram of traditional magnetic field shaper.
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FIGURE 3. Top view of electromagnetic bulging of traditional magnetic
field shaper tube.

at high speed to perform the required bulging [29]. Magnetic
field shaper is an important auxiliary tool in the electromag-
netic forming process, as it can adjust the electromagnetic
field distribution profile. However, the conventional magnetic
field shaper concentrates the electromagnetic energy on a
specific area to increase the electromagnetic force on this
particular area.
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FIGURE 4. Geometrical model of electromagnetic bulging of tube: (a)
traditional coil; (b) magnetic field shaper coil.

Fig. 2 shows the structural diagram of a traditional mag-
netic field shaper currently used for tubes electromagnetic
bulging. As can be see, the magnetic field shaper is structured
on the form of a circular ring with a trapezoidal cross section
with a very small gap. The height of the inner wall of the ring
is much greater than the height of the outer wall. Fig. 3 shows
a top-side view of the pipe EMF with the traditional magnetic
field shaper.

In this method, the capacitor discharges stored energy
into the driving coil to generate a counterclockwise pulsing
current. According to the law of electromagnetic induction,
a clockwise induced current passe through the inner wall of
the magnetic field shaper which encounters a gap as shown
in Fig. 3. Therefore, the induced current flows along the
broken seam to the outer wall of the magnetic converter.
Hence, a counterclockwise induced current is formed on the
outer wall which acts as an excitation source and induces
current inside the workpiece. Thereby generating pulse elec-
tromagnetic force to drive the workpiece to deform. Since the
height of the outside-wall of the magnetic field shaper is much
smaller than the inside-wall and the current flowing through
both walls are equal, then the current density on the outside-
wall of the magnetic field shaper is much greater than that
of the inside-wall. The field shaper works like a magnifying
glass: directing, intensifying, and shaping the magnetic field
into a homogeneous distribution.

B. PROPOSED MAGNETIC FIELD SHAPER DESIGN

The traditional magnetic field shaper is mainly used to
increase the electromagnetic force at particular area of the
workpiece. This paper extends the functionality of the mag-
netic field shaper to achieve deformation uniformity of the
entire workpiece. The conventional electromagnetic bulging
model is as shown in Fig. 4(a) in which the driving coil
is located within the pipe that has more height than the
driving coil [3]. In the traditional method, the uneven axial
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FIGURE 5. Simplification process of the magnetic field shaper model: (a)
Initial 3Dmodel; (b) Filled model; (c) Simplified 2D model.

distribution of the radial electromagnetic force results in a
convex tube profile which is referred as end effect. At the
same time, the end material is constrained by the static part
during the deformation process, and the deformation becomes
more difficult, which eventually leads to uneven deformation
of the pipe in the axial direction.

In order to solve poor quality issue of the tube expansion
caused by the axial non-uniformity of the radial electromag-
netic force, this paper proposes a magnetic field shaper-based
structure as shown in Fig. 4(b). In this model, the magnetic
field shaper is located among the driving coil and the tube.
Due to the difference of the current densities on the outside
and inside walls of the magnetic field shaper, the magnetic
field strength at the middle of the tube is getting weaker.
By changing the structural parameters of the magnetic-field
converter, the tube induced eddy current can be adjusted
to a certain extent, so as to realize the loading of different
electromagnetic force distributions, increase the radial form-
ing amount of the end of the pipe, and improve the pipe’s
uniformity.

Ill. ELECTROMAGNETIC-STRUCTURE COUPLING MODEL
EMF is a complex dynamic deformation process, which
involves strong coupling between different fields including
electromagnetic, mechanical and thermal. In order to better
understand the effect of each physical field on the EMF pro-
cess, finite element analysis is utilized. In order to simplify
the simulation model without compromising the model’s
accuracy, this paper proposes a two-dimensional simulation
model to replace the complex traditional three-dimensional
simulation model. This simplification is explained below.
The induced eddy current in the magnetic field shaper
can be divided into four equal current components: inner
wall current /1, I on one side of the air gap, outer wall
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FIGURE 6. Physical structure of the EMF using (a) conventional cylindrical
coil, (b) the proposed magnetic field shaper.

current /3 and I on the other side of the air gap, as shown
in Figure 5(a). In order to simplify the model, the air gap
of the magnetic field shaper is firstly assumed to be filled
with the same material, as shown in Figure 5(b). Because
the distance between the two equal currents I and Is that
flow in opposite direction is small [30], the magnetic field
generated is only confined near the gap, and will have little
impact on the electromagnetic bulging of the entire pipe.
Therefore, the model can be simplified further as shown
in Figure 5(c) of which all parameters including the magnetic
field and induced currents will have axial symmetry. This,
the three-dimensional model can be replaced by a simplified
two-dimensional model. In [30], the equivalent process of the
magnetic field shaper is presented in details.

COMSOL software is employed to develop the
electromagnetic-structure coupling 2D axisymmetric model
of the pipe EMF process.

The detailed geometrical structure of the proposed model
is shown in Figure 6 and is briefly elaborated below.

Figure 6(a) shows the electromagnetic pipe bulging of the
traditional spiral coil. The coil has 3 layers, 20 turns each with
inner radius of 30.2mm and outer radius of 36.2 mm. Fig-
ure 6(b) shows the electromagnetic bulging of tube based on
a magnetic field shaper. The coil has also 3 layers of 20 turns
each and inner radius of 23mm and outer radius of 29mm.
All coils are made of copper wires with a cross-sectional area
2mm x 4mm and 80 mm height.

The height of the inner wall H; and outer wall H, of the
magnetic field shaper are the geometric variables investigated
in the below sections of this article. The magnetic field shaper
is of 6mm thickness and it is placed coaxially between the
pipe and the coil with side spacing of 1.25mm. The converter
is made of high-conductivity bronze or copper material.
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FIGURE 7. Equivalent discharge circuit of the tube electromagnetic
forming without magnetic field shaper.

TABLE 1. Circuit parameters.

Symbol Description Value
Circuit
Cy Capacitance 320uF
Uy Discharge voltage 6.4kV
Ry Line resistance 35mQ
Ly Line inductance 12uH
R, Crowbar resistance 0.2Q
s Cross sectional area 2mm X 4mm

of the wire

The workpiece considered in this paper is an AA5083-
O round aluminum alloy pipe fitting with inner radius
of 37.5mm, 39.5mm outer radius and a height of 130mm.

A. CIRCUIT ANALYSIS OF THE EMF SYSTEM

The electromagnetic analysis in the pipe bulging process is
based on the equivalent circuit. Due to the generated high
temperature during the EMF process, a discharge circuit with
a crowbar resistor is usually used to dissipate the temperature
rise of the coil through the crowbar resistor. The discharge cir-
cuit can be modeled as a second-order RLC zero input circuit.
The circuit includes capacitor bank (C), line resistance (Rp),
line inductance (L), driving coil equivalent parameters (R,
L) and the workpiece equivalent parameters (R,,, L,,). These
parameters are given in Table 1. When there is no magnetic
field shaper, the equivalent discharge circuit of the traditional
pipe electromagnetic bulging is as shown in Figure 7.

According to Kirchhoff’s law:

Uc = U[ “I‘Ucoil
dl,
U] :R()Ic +L0g—f
dl 1
Ucoil = RIc +L_c +Mm7w_w ( )

z;t dt

1
UCIU()—E/Ocht
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FIGURE 8. Equivalent discharge circuit of the tube electromagnetic
forming with magnetic field shaper.

Icoil"‘lc_ld=0 (2)
dI dl,
Ryl +Lwd_tw +Mw_md—t‘ =0
I;=0U.>0
U 3)
I; = R—;UC <0

When there is a magnetic field shaper in the discharge
circuit, direct coupling between the driving coil and the tube
is ignored and the equivalent circuit is as shown in Figure 8.
For this circuit, (2) is modified to:

Ty +1.—14=0

dly dl. dl,,
Rely +LfW +Mf_mE +Mf_W7 =0 4)
Rl + Lo 2w, 22—
wiw w dt w—f dr =

In these equations, U, is the capacitor voltage, U, is the
capacitor voltage at the initial state, U; is the line voltage
of the discharge circuit, I is the current in the freewheeling
circuit, Iy is the driving coil current, I, is the induced eddy
current in the pipe.

B. MAGNETIC FIELD ANALYSIS

The pulse current of the driving coil is determined by equa-
tions 1 through 4. When a time-varying pulse current passes
through the forming coil, a time-varying magnetic field is
generated in the vicinity of the coil that can be expressed by
the below equations.

VxH=] &)
0B,
VXE¢=—?+VX(VZXBr) (6)
V-B=0 @)
I .
Jo =~ = VE, ®)

where B is the magnetic flux density; E is the electric field
intensity; v is the pipe fitting speed which is O at the initial
state, J is the induced eddy current density; y is the pipe
conductivity. The subscripts r, ¢, and z represent the radial,
hoop and axial components of the vector; respectively. The
electromagnetic force density F is calculated using (9).

F=Jx(VxA) )
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TABLE 2. Material parameters of tube.

Symbol Description Value
Workpiece
Ry Inner-diameter 75 mm
Ry Outer-diameter 79 mm
H, Height 130mm
ur Relative permeability 1
3 Relative permittivity 1
p Mass density 2700 kg/m®
o Conductivity 3.03e7 S/m
y Poisson ratio 0.33
E Young modulus 70 GPa
Oy Initial-yield stress 32.6 MPa

The model established in this paper has axial symmetry.
Therefore, the induced eddy current has only a circumferen-
tial direction, and the electromagnetic force density is calcu-
lated from:

F;=J,xB, (10)
FrZJ(p XBZ (11)

where F; and F, are the axial and radial electromagnetic force
densities of the pipe; respectively. J,, is the induced eddy
current in the circumferential direction of the pipe.

C. MECHANICAL FIELD ANALYSIS
When the pulsing current flows through the coil, the elec-
tromagnetic force generated under the combined action of
the induced eddy current and the magnetic field strength
drives the pipe to deform. Therefore, it is necessary to make
a detailed analysis of the mechanical field of the tube. In the
model developed in this paper, the pipe fitting is an annealed
5083 pure aluminum alloy with detailed parameters listed in
Table 2.

The dynamic process of the pipe bulging can be expressed
by the following equation:

02u

where p is the tube density; u is the displacement vector
which is O in the initial state, o is the stress tensor and F
is the electromagnetic force density.

It is worth noting that the material properties of aluminum
alloy changes with the strain rate [27]. Usually, the forming
speed reaches 180 to 300m/s [30]. Therefore, it is necessary
to consider the effect of high speed and high strain rate on
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the material properties of the tube. In this paper, Cowper-
Symonds material constitutive model is used to simulate
AA5083-0 tube based on (13) [31].

=1+ (Zeym 13
o= +(7) ]Uys (13)

where o is the flow stress of the pipe material under high-
speed deformation, P is the viscosity of the pipe material,
m is the strain rate hardening of the material, and oy is
the flow stress under quasi-static conditions. Under normal
circumstances, P = 6500 and m = 0.25 [31].

In [19], the authors have used this model to study the free
electromagnetic bulging of tube with concave coils. Obtained
simulation results were in good agreement with the experi-
mental ones which attests the high accuracy of the simulation
model.

IV. SIMULATION ANALYSIS

The induced eddy current and the strength of the magnetic
field together determine the electromagnetic force experi-
enced by the pipe. When the system parameters remain
unchanged, the distribution of the radial electromagnetic
force will be the main parameter affecting the uniformity
of the axial deformation of the pipe. Therefore, this section
investigates the electromagnetic bulging of the pipe from the
following two aspects.

A. RADIAL-ELECTROMAGNETIC FORCE AND TUBE WALL
DEFORMATION BEHAVIOR

In order to examine the radial electromagnetic-force acting
in the axial direction of the pipe along with the deformation
behavior of the pipe, two design parameters of the magnetic
field shaper are varied; these are: the inner wall height H;
which is changed from 42mm to 49mm, with a step change
of Imm and the outer wall height H, that is changed in the
range 45mm-53mm in a Imm step change. At the initial state,
Hi is42mm, and Ho is 45 mm.

1) INFLUENCE OF H;

Figure 9(a) shows the influence of the height of the inner wall
of the magnetic field shaper on the radial-electromagnetic
force. It can be seen that the radial electromagnetic force
on the pipe at the area corresponding to the outer wall of
the magnetic field shaper is uniformly distributed and has
the same value regardless the value of H;, and attenuation
phenomenon occurs at the end of the magnetic field shaper.
With the increase of H;, the radial electromagnetic force on
the middle section of the tube increases uniformly, while
the electromagnetic force at the end of the magnetic field
shaper is obviously weakened. Therefore, changing H; can
effectively regulate the radial electromagnetic force profile on
the tube. Fig. 9(b) depicts the effect of H; on the deformation
behavior. It can be seen that with the increase of the height of
the inner wall, the forming profile in the axial direction of the
pipe changes from concave to convex. At the point of transi-
tion, corresponding to 46mm, the best uniform expansion of
the pipe can be attained.
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FIGURE 9. Influence of H; variation on the (a) radial electromagnetic
force, (b) deformation behavior.

2) INFLUENCE OF H,
Figure 10(a) shows the effect of the height of the outer wall of
the magnetic field shaper on the radial-electromagnetic force.
In contrary to the effect of H;, one can observe that when H,,
decreases, the radial-electromagnetic force decreases at the
middle section while the electromagnetic force at the end of
the magnetic field shaper exhibits a substantial change.
Figure 10(b) shows the effect of H, variation on the
pipe deformation performance in the radial direction. Results
show that with the increase of H,,, the bulging profile of the
pipe changes from convex to concave. This is mainly because
when the height of the outer wall of the magnetic field shaper
increases, the deformation area of the pipe becomes wider and
the magnetic field in the middle of the pipe is weakened too
much. As a result, the deformation area in the middle is not
fully bulged. In this example, the outer wall height of the best
magnetic field shaper to achieve uniform bulging is 49mm.
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FIGURE 10. Effect of Ho on (a) radial electromagnetic force, (b)
deformation behavior.

The above analysis shows that introducing a magnetic field
shaper between the driving coil and the metal pipe can effec-
tively change the induced eddy-current in the deformation
area of the pipe, thereby regulating the electromagnetic force
distribution of the pipe, and making the pipe more uniform
in the axial direction. For the considered case study, the opti-
mum values of H; and H, are 46mm and 49mm, respectively.

B. COMPARATIVE INVESTIGATION

To reveal the advantages of the magnetic field shaper-
based loading method, this section compares the performance
of tube EMF based on traditional and the magnetic field
convert methods. Considered performance metrics include
the magnetic field pressure, axial magnetic flux, radial-
electromagnetic force, and tube deformation performance.
Table 3 shows the geometrical dimensions of the traditional
cylindrical coil and the proposed magnetic field shaper. The
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TABLE 3. Geometric parameters of the analyzed traditional and the
proposed magnetic field shaper- based EMF (in mm).

. Inner Outer
Height radius radius

Traditional 80 30.2 36.2

Bulging 80 23 29
coil
Proposed
Inner wall 46 30.2
Outer wall 49 36.2

workpiece is an AA5083-O aluminum alloy tube with a
length of 130mm, 37.5mm diameter and 2mm thickness. For
precise comparison, the discharging voltage is considered
as 3.98kV for traditional cylindrical coil and 6.4kV for the
magnetic field shaper to warrant the same maximum pipe
deformation under the two loading methods. Fig. 11 shows
the three-dimensional (3D) distribution of the radial magnetic
field pressure with time and axial position for the traditional
cylindrical coil and the proposed magnetic field shaper EMF
methods. It can be seen that the 3D cloud image of the mag-
netic field pressure of the traditional cylindrical coil exhibits
a cone distribution with maximum value at the middle of the
pipe. However, when the proposed magnetic field shaper is
used for loading, the radial magnetic field pressure distribu-
tion becomes wider and more dispersed. This can effectively
increase the magnetic-field at the end of the pipe and improve
the distribution of the radial- electromagnetic force in the
axial direction of the pipe.

In order to better illustrate that the electromagnetic bulging
of tube based on the proposed method can improve the
forming uniformity, a 3D graph of the distribution of the
eddy current induced on the inner wall of the magnetic field
shaper over time is obtained as shown in Figure 12. When
a traditional coil is used to load the pipe, the driving coil is
cylindrically wound and the same driving current is passed.
Due to the uniform current distribution, the induced current
in the axial direction of the pipe is also uniformly distributed.
On the other hand, when the proposed magnetic field shaper
is employed for loading, the distribution of the induced eddy
current at the end of the magnetic field shaper is obviously
increasing. Therefore, the magnetic field on the middle of
the pipe is weakened, so that the radial electromagnetic force
in the axial direction of the pipe is distributed in a concave
shape, which improves the uniformity of the pipe forming.

The axial flux density and the corresponding radial elec-
tromagnetic force distributions are obtained as shown in Figs.
13 and 14 when conventional coil and the proposed loading
methods are used. When a traditional coil is used, the radial
electromagnetic force is distributed in a convex profile, and
the end effect is obvious. When the proposed magnetic field
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shaper is used for loading, the radial electromagnetic force
presents a concave distribution, and the electromagnetic force
in the middle of the pipe is obviously weakened. In addi-
tion, the electromagnetic force influence area becomes wider,
which results is in increased forming amount of the end of the
pipe.

Fig. 15 shows the radial displacement of the tube in the
axial direction when the two EMF methods are employed.
It can be seen that when the traditional spiral coil is used for
loading, the deformation of the pipe in the axial direction is
convexly distributed, the middle of the pipe has the largest
deformation, and the two ends of the pipe have little deforma-
tion. This phenomenon is caused due to the radial electromag-
netic force distribution in Fig. 14. When the loading method
proposed in this paper is adopted, the radial deformation of
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FIGURE 15. The amount of deformation along the axial direction of the
pipe under different loading methods.

the pipe has a relatively flat top and the deformation area
of the pipe becomes wider. Obviously, the end effect of the
electromagnetic bulging of the traditional helical coil tube is
weakened to a certain extent.

Furthermore, in order to better reflect the deformation state
of the pipe fitting during the expansion process, the forming
conditions of the pipe fitting at different times when using
the conventional coil and magnetic field shaper proposed in
this paper are obtained as shown in Figure 16. It can be
seen that at t = 100us, when the conventional cylindrical
coil is loaded, the middle part of the tube begins to deform,
and the deformation area of the driving coil based on the
magnetic field shaper is larger. At t = 600.us, the tube reaches
a maximum deformation, and when the traditional cylindrical
coil is loaded, the axial deformation of the tube is uneven and
exhibits a convex distribution. When the proposed topology

VOLUME 8, 2020
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(b)

FIGURE 16. Tube forming conditions at different times. (a) Traditional
cylindrical coil. (b) Proposed magnetic field shaper.

is employed, the tube is uniformly deformed and the flow of
the tube material in the axial direction can be realized.

In order to evaluate the uniformity of the pipe free
bulging under different loading methods, this paper intro-
duces a mathematical metric defined as the maximum uni-
form bulging range D, that represents the axial length with a
deformation greater than or equal to 96% of the maximum
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FIGURE 17. 3D contour of tube forming: (a) Traditional cylindrical coil;
(b) Proposed magnetic field shaper.

deformation. Figure 17 shows a three-dimensional contour
diagram of the pipe free bulging under the two loading meth-
ods. It can be seen that when the traditional helical coil is
used for loading, D, is 9mm, and the uniform range is small
and located in the middle section of the pipe. On the other
hand, when the loading method proposed in this paper is
used, D, becomes 35mm and the bulging area is becoming
significantly wider. In contrast, the maximum uniform range
is increased by 2.89 times. Obviously, the electromagnetic
bulging of tubes based on the proposed magnetic field shaper
can solve the existing dilemma of pipe deformation.

V. CONCLUSION

To solve the problem of uneven axial deformation of the
existing tube electromagnetic bulging, this paper presents
an EMF technology using a magnetic field shaper. Numer-
ical results reveal that when the proposed method is
employed, the radial-electromagnetic force becomes of
concave-distribution which can significantly increase the end
deformation of the pipe fitting, overcome the end effect of
the conventional forming process of pipe fitting, and make
the axial deformation of pipe fitting more uniform. Results
also show that when the system discharge parameters remain
unchanged, there is a suitable magnetic field shaper structure
parameter that optimize the electromagnetic forming the pipe
fitting. In addition, when the internal bulging amount of the
pipe is the same, by introducing a magnetic field shaper
between the driving coil and the pipe, the distribution of the
induced eddy current in the pipe can be effectively adjusted,
thereby realizing the loading of different electromagnetic
force distributions. Numerical comparative analysis show
that uniformity of the tube using the proposed magnetic field
shaper can be improved by nearly 3.9 times compared with
the traditional cylindrical coil loading.
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