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Abstract 
In the current practical science, the accuracy in the formability of metal alloys 
being the goal when using electromagnetic forming (EMF) technology, which 
is a high-speed processing technology that uses Lorentz forces to achieve 
plastic deformation of sheet metal; according to the previous analysis, the re-
sults have shown that in most cases, the Lorentz force acting on the work-
piece (metal) is not uniform, there are uneven axial deformations of the metal 
plates which prevent the rapid advancement of today’s technology. In this ar-
ticle, we presented some advanced analyzes which will lead us to improve the 
technical solution for the problems of non-uniform axial deformations of the 
metals in the traditional tube electromagnetic forming technology (EMF). A 
field shaper is used as a practical forming tool to influence the magnetic field 
and magnetic pressure distribution, thereby improving the forming ability 
and result during the electromagnetic forming (EMF) process and we see that 
induced eddy current control is realized by changing the structural parame-
ters of the magnetic field shaper; which improves the strength and controlla-
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bility of the magnetic force that acts on the workpiece; thereby a greater radial 
magnetic pressure can be achieved with field shaper than the case without it; 
the field shaper regulates the electromagnetic force, the distribution of the 
magnetic pressure decreases, and the uniform force area of the tube increases 
which effectively enhances the uniform range of the pipe electromagnetic 
bulging and the electromagnetic induction coupling between the coil and the 
metallic workpiece is generally required to produce the Lorentz forces. Using 
COMSOL Multiphysics® simulation software helped us to accurately represent 
the real world, simulating multiple physical effects that happened in this 
model during the process. 
 

Keywords 
Electromagnetic Forming, Field Shaper, Lorentz Force, Magnetic Pressure 
Distribution 

 

1. Introduction 

Electromagnetic forming (EMF) is a technology that employs electromagnetic- 
force pulsation to realize metallic workpiece processing [1] [2]. Compared with 
conventional mechanical based processing, EMF can improve plastic deforma-
tion ability of materials and enhance their forming limit about 5 to 10 times due 
to its high strain rate (103 - 105 s−1) [3] [4]. Because the electromagnetic force is 
of a non-contact nature [5] [6]. EMF is able to improve the surface quality of the 
formed workpiece [7] [8]. The magnetic pulsed forming is a high-speed forming 
method, which uses the electromagnetic body force to drive an electrically con-
ductive workpiece into deformation [9] [10]. It can be considered as one of the 
best high-rate forming methods from the several aspects such as high cleanness, 
cost-efficiency (reduced number of operations and lower energy cost), no lubri-
cant is required, productivity and electromagnetic forming eliminates the risk of 
explosion forming, it is more convenient than electro-hydraulic forming [11] 
[12]. Automotive, aerospace, nuclear, machinery, electronics light chemical in-
dustry, weapon industry and medical sectors may like to use this process (EMF) 
due to the specific requirement and performance; when applying this technique, 
it is also possible to improve the formability of some materials such as aluminum 
(Al) that is a good candidate material for use in automotive industrial and many 
other applications [13] [14]. This makes it possible to avoid undesirable forming 
of conventional quasi-static methods like wrinkling, tearing, uncontrolled spring 
back and any unexpected effects on the metal workpiece.  

2. Literature Review 

From the end of 1950s, electromagnetic forming developed rapidly and became a 
new technology of metal plastic processing, which was highly valued by indus-
trial countries. Depending on the workpiece, the electromagnetic forming tech-
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nology can be divided into three classes; electromagnetic sheet forming, elec-
tromagnetic tube reducing or compression and electromagnetic tube expanding 
or tube expansion, respectively [15]. 

Each of these types and several methods of forming have been considered. 
Figure 1 and Figure 2 show respectively the General scheme of electromagnetic 
forming & typical forming configurations and three different processes of elec-
tromagnetic forming. 

Actually, cylindrical driving coil is usually used in tube electromagnetic bulg-
ing. 

However, due to the end effect of this structure of forming coil the radial elec-
tromagnetic force exerting on the middle section of the tube is much larger than 
the ones at both ends which results in poor tube uniformity in the axial direction; 
two solutions were proposed: 

1) A tube electromagnetic bulging method using a concave driving coil had 
been proposed to realize uniform tube radial deformation by weakening the 
electro-magnetic force in the middle of the tube. 

2) Tube electromagnetic bulging method based on convex coil that can not 
only improve the uniformity of tube radial deformation, but can also restrain the 
issue of tube wall thickness thinning during the EMF process was presented. 

 

 

Figure 1. General scheme of electromagnetic forming & typical form-
ing configurations. 

 

 

Figure 2. Three different processes of electromagnetic forming. 
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Neither of these two was giving the engineers the desired results. 
A solution was found that in addition to the direct EMF of workpiece using a 

driving coil, a field shaper can be used to adapt the electromagnetic force profile 
[16] [17]. As a main part of EMF system, a Field shaper concentrates the mag-
netic field in desired points of the metal workpiece during the forming process 
[18]. A field-shaper transmits the energy produced by inductor system to the 
expected points. It is clear that any where we transmit the energy, there is some 
energy dissipation in transmitter cause to decrease the efficiency of the system, 
therefore applying a field-shaper decreases the efficiency of an EMF system. The 
same EMF setup can be applied for several types of forming and there is no need 
to replace the coil system in order to modify the magnetic field for a special case. 

3. The Principle of EMF and Magnetic Field Shaper 

In the early stages of the electromagnetic bulge system, it mainly consisted of 
charging system, discharge capacitor, switch, drive coil, tube fitting (the part) 
and a direct current circuit [19]. The charging system of traditional tube EMF 
system first charges the capacitor, then closes the switch and the energy stored in 
the capacitor is transferred to the drive coil in the form of pulse current. In this 
system, the capacitor acts as a pulse feed through a discharge switch to the main 
drive coil and formed tube [13] [20]. The large impulse current generated in the 
coil results in an induced eddy current in the tube which is placed close to the 
coil according to the law of electromagnetic induction [21]. The magnetic field 
generated by the coil itself superimposes on the induced eddy current generated 
on the tube fitting to produce the electromagnetic force that causes the tube to 
bulge (accelerate the tube and deformation). The main structure of an EMF sys-
tem: 
− Capacitor bank for storing the electrical energy (The required energy to be 

discharged). 
− Fast closing switch (for breaking and connecting the circuit). 
− Work coil (for creating magnetic field in the Work zone). 
− Workpiece/tube/metal (Which is to be contracted or expanded or shaped). 
− Form-defining Die or matrix (which gives to the tube the desired shape). 
− Field shaper, which controls the magnetic field distribution. 

The constitutive elements of the basic EMF system are shown in Figure 3 and 
Figure 3 shows the main traditional EMF system.  

In the process of the EMF, the coil is often subjected to huge electromagnetic 
force, which affects the lifespan of the coil moreover, in the traditional coil tube 
electromagnetic bulging system, because the height of the driving coil is usually 
less than or equal to the height of the tube, the axial magnetic flux density is 
much larger than the radial magnetic flux density, so that the tube is subjected to 
a larger radial electromagnetic force, resulting in a large reduction of wall thick-
ness [22]. And the radial electromagnetic force is not uniformly distributed in 
the axial direction, which leads to the bulging of the tube into an axially uneven 
convex shape. 
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Figure 3. Traditional EMF system. 
 

Figure 4 shows the Eddy current distribution within the tube (EMF expan-
sion). 

Based on the Maxwell’s equations, the method in Figure 2 can be expressed 
as: 

( )z
z rtΦ

∂
∇× = − +∇× ×

∂
BE V B                   (1) 

γΦ Φ=J E                               (2) 

where E is the electric field intensity, Br is the radial magnetic flux density, Bz is 
the axial magnetic flux density, Vz is the plate axial velocity, GAMMA is the 
plate conductivity, and J is the ring induced eddy current density [23]. The elec-
tromagnetic force exerting on the tube is mainly composed of axial component, 
Fz that can be calculated from: 

z r= ×F J B                              (3) 

From the above equation, the electromagnetic force distribution plays an im-
portant role in controlling the quality of the metal sheets forming process. As it 
can be seen from (3) the electromagnetic force distribution is determined by the 
induced eddy current and the magnetic flux density. 

4. Circuit parameters of the EMF system 
4.1. Circuit of the Traditional Sheet Electromagnetic Forming 

The electromagnetic analysis in the tube bulging process is based on the equiva-
lent circuit and the following one is the equivalent circuit without magnetic Field 
shaper. 

Figure 5 shows the equivalent circuit of EMF process without Magnetic Field 
shaper. 

Due to the high temperature generated during the EMF process; a discharge 
circuit with a resistor is used to dissipate the temperature rise of the coil through 
the resistor [24] [25]. The discharge circuit can be modeled as a second-order 
RLC zero input circuit. 
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Figure 4. Eddy current distribution within the tube (EMF 
expansion). 

 

 

Figure 5. Equivalent circuit of EMF process without Magnetic Field shaper. 
 

According to the Kirchhoff’s law: 
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4.2. EMF with Field Shaper Equivalent Circuit 

The ignorance of the direct coupling between the workpiece and the coil take 
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place when a magnetic field shaper is added to discharge circuit [24]. 
Figure 6 shows the Equivalent circuit of EMF process with Magnetic Field. 
For this circuit is modified thus according to the Kirchhoff’s law, 
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               (7) 

From this set of equations (4), (5), (6), (7), we have: 
Co is the capacitance, 
Uc is the capacitor voltage, 
Uo is the capacitor voltage at the initial state (Discharge voltage), 
U1 is the line voltage of the discharge circuit,  
Ro is the line resistance, 
Rd is the crowbar resistance, 
Lo Line inductance, 
Id is the current in the freewheeling circuit,  
Icoil is the driving coil current,  
Iw is the induced eddy current in the workpiece. 

5. Methodology 
5.1. Research Analysis 

Currently, due of the advantages and good development prospects of electro-
magnetic forming in the field of metal forming, following the research method 
of this article, we have pointed out some research analysis about what is hap-
pening in this process. However, as an industrial processing technology, the 
EMF technology of sheet metal parts to be processed is far from mature, and 
there is still room from improvement. 

The followings are the critical research analysis during this process: 
(1) The service lifespan of the coil. The electromagnetic force of electromagnetic 

forming comes from the change of the electromagnetic field caused by the 
 

 

Figure 6. Equivalent circuit of EMF process with Magnetic Field shaper. 
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instantaneous appearance of the strong pulse current, which produces the electro-
magnetic force of the shaping. This causes the coil to be subjected to high-intensity 
electromagnetic fields, high-intensity voltage and current, high-intensity stress, and 
a large amount of Joule heat during the operation, so that the service lifespan of 
the coil in most cases is very short, which tremendously increases the cost of 
electromagnetic forming. Although it is possible to delay the aging process of the 
coil by means of electromagnetic gradual forming, these methods are not mature 
enough, which cause them to have fatal defects at present, therefore it cannot be 
considered as a long-term solution. 

At present, the lifespan problems of coils are mainly categorized into two cat-
egories, that is, the problems of structural strength and Joule heat. In response to 
the problem of structural strength, foreign scholar Grovaschenko found that the 
damage of the coil mainly starts from the place with a small radius of curvature, 
and it can be considered to increase the strength of the coil by strengthening the 
facilities. 

(2) The electromagnetic force used in electromagnetic forming can only gen-
erate electromagnetic force perpendicular to the metal plate to be processed be-
cause the spatial structure of the electromagnetic field that generates the elec-
tromagnetic force is relatively simple. This leads to the fact that in actual 
processing, the deformation of the workpiece to be processed is mainly bulging, 
the deformation method is single, the resulting part structure is relatively simple, 
and the application area is narrow, which cannot meet the current demand for 
rapid progress in complex structure processing. 

(3) The current electromagnetic forming technology can only be used to ma-
chine smaller parts, but not large parts, because of the limitations of the equip-
ment that generates the electromagnetic force. If the electromagnetic forming 
technology is used to process large parts, the coils and field shaper of the elec-
tromagnetic forming equipment will be too large, which will keep on increasing 
the cost. 

Initially in the EM Forming process, the energy is stored in the pulsed power 
generator as capacitive energy, and this energy is further utilized to deform the 
workpiece. 

Figure 7 shows the methodology energy transfer diagram during the electro-
magnetic forming. 

A complex energy transfer is observed in between these two stages (initial tube 
shape and deformed tube). Only a certain amount of the stored energy is trans-
ferred to the coil and used to deform the workpiece. We will notice that there are 
losses in between energy storage and the deformation of workpiece during the 
deformation procedure. The capacitor charging energy Ec at first is transferred 
into a magnetic pressure pulse p; this magnetic pressure pulse is transferred into 
kinetic energy Ekin and then transferred into forming energy Edef. During defor-
mation process there is a moment when the pressure exerted on the tube has de-
creased to zero, the kinetic energy stored in the workpiece is used to finish the  
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Figure 7. Methodology Energy transfer diagram during electromagnetic 
forming. 

 

forming process. 
In this Article, the materials of forming coil are limited to metals having low 

resistivity to minimize the loss caused by adiabatic heating during the forming 
process. Also, we consider that the materials should have sufficient mechanical 
strength and mass to keep stability and withstand the repulsive force during the 
forming process. Beryllium copper, Aluminum (Al) alloy and Copper (Cu) are 
usually used due to their high mechanical and electrical properties such as yield 
strength and low electric resistance as shown in Table 1. 

The workpiece shows different dynamic behaviors depending on the shapes of 
the forming coils. Thus, the forming coils should be designed considering the 
shapes of the products to be produced. 

5.2. Tube Material and Data Collection 

EMF process is capable of deforming electrically conductive metals only, it is 
found that in most cases Aluminum and its alloys, copper and its alloys, Magne-
sium and its alloys and many more are the most used material when performing 
the EMF process. In this work we have selected the Aluminum alloys Al 6061and 
Al 5083 for our improvement. AA 6061 is aluminum alloy that has generally 
good mechanical properties and is treatable and weldable; it is mainly composed 
of magnesium and silicon alloying elements. The chemical composition of a 
AA6061 tube is shown in the following tables. 

5.2.1. AA 6061 
AA 6061 has a strong performance because of its mechanical charachteristic 
which is involving its mechanical properties. We can find its chemical composi-
tion in Table 2 and Table 3. 

5.2.2. AA 5083 
The detailed geometrical structure of the proposed model is described below: 

https://doi.org/10.4236/jemaa.2024.164004


B. K. L. Soronga et al. 
 

 

DOI: 10.4236/jemaa.2024.164004 52 Journal of Electromagnetic Analysis and Applications 
 

Table 1. Coils mechanical and electrical properties for forming. 

Material Hardness (Vickers) Electrical Resistivity (ohm-m) Permeability (u) 

Al 6061 75 4.32e−8 1 

Cu 12200 50 1.70e−8 1 

Becu17000 90 2.94e−8 1 

 
Table 2. The chemical composition of a AA6061. 

Constituent Al Mg Si Fe Cu Cr Zn Ti Mn others 

Min (%) 95.85 0.80 0.40 0 0.15 0.04 0 0 0 0 

Max (%) 98.58 1.20 0.80 0.70 0.40 0.35 0.25 0.15 0.15 
0.15 total 
(0.05 ach) 

 
Table 3. The calculation model values. 

Constituent Al Cr Cu Fe Mg Mn Si Ti Zn 

Min (%) Balanced 0.05 0 0 4.0 0.4 0 0 0 

Max (%) Balanced 0.25 0.1 0.4 4.9 1.0 0.4 0.15 0.25 

 
− The coil is composed of 3 layers, 20 turns each, and inner radius of 23 mm 

and outer radius of 29 mm, all coils are made of copper wires with as cross- 
sectional are of 2 mm × 4 mm and 80 mm height. 

− The magnetic field shaper is placed coaxially between the workpiece and the 
coil with side spacing of 1.25 mm and is of 6 mm thickness. The converter is 
made of high-conductivity copper material. 

− The piece of metal (workpiece) considered in this paper is round Aluminum 
Alloy 5083 (AA5083) tube that has a height of 130 mm, a 2 mm thickness, 
with inner radius of 37.5 mm, a 39.5 mm outer radius. Figure 8 and Figure 9 
show the Model structure used after simulation (coil, field shaper and Tube) 
and Symmetrical model of 2D state, after air models are established. 

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 ex-
pressed by the below equations. 

∇× =H J                                (8) 

( )z
z rtϕ

∂
∇× = − +∇× ×

∂
BE v B                       (9) 

0∇ ⋅ =B                                (10) 

ϕ ϕγ=J E                               (11) 

From the above equations we know that B is the magnetic flux density; E is 
the electric field intensity; v is the pipe fitting speed which is 0 at the initial state, 
J is the induced eddy current density; γ is the pipe conductivity [26]. The sub-
scripts r, ϕ, and z represent respectively the radial, hoop and axial components 
of the vector. The electromagnetic force density F is calculated using the equa-
tion (12). 
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Figure 8. Model structure (coil, field shaper and tube). 

 

 

Figure 9. Symmetrical model of 2D state, after air models are established. 
 

( )= × ∇×F J A                         (12) 

The designed model in this paper has axial symmetry. Therefore, the induced 
eddy current has only a circumferential direction, and the electromagnetic force 
density is calculated from: 
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z rϕ ×=F J B                              (13) 

r zϕ ×=F J B                              (14) 

Fz and Fr are respectively the axial and radial electromagnetic force densities 
of the pipe (Tube). Jϕ is the induced eddy current in the circumferential direc-
tion of the tube [27]. 

Solid Mechanics Module is used to simulate the deformation process of a tube 
fitting. The relationship between the electromagnetic force and deformation of 
the pipe fittings is as follows: 

2

2t
ρ ∂ −∇ ⋅
∂

=F u σ                          (15) 

where σ is the stress tensor of the pipe, F is the volume density vector of elec-
tromagnetic force, ∇ operator for calculating divergence, ρ is the pipe density, u 
is the displacement vector of the fitting. 

One thing that needs to be considered is the change of Aluminum alloy with 
the strain rate, usually the metal forming speed can vary from 180m/s to 300m/s. 
For this reason, it is necessary to consider the effect of high speed and high strain 
rate on the material properties of the tube. The coupling model used in this work 
is used to simulate the Aluminum alloy AA 5083 tube set up on the following 
equation. 

1
e

m

p
ysP

ε  
 = +      

σ σ                       (16) 

where: σ, P, m, σys respectively represent the stress of the tube under high de-
formation, the viscosity of the tube material, the strain rate hardening of the 
material and the flow stress under unchanged conditions. 

5.3. Material Parameters of the Model 
5.3.1. Values from the Equivalent Circuit of EMF 
The data values from the equivalent circuit are described below. 

 
Symbol Description Value 

Co Capacitance 320 µF 

Uo Discharge voltage 6.4 kv 

Lo Line inductance 12 µF 

Rd The crowbar resistance 0.2 Ω 

Ro the line resistance 35 mΩ 

S Cross sectional area of the wire 2 × 4 mm2 

5.3.2. Coil Data Value 
(a) Dimensions 
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Name Numerical value Unit 

Radial layers number 3  

Number of turns 20  

Inner radius 23 Mm 

Outer radius 29 Mm 

Wire type (radial × axial) 2 × 4 mm × mm (mm2) 

Height 80 Mm 

 
(b) Properties 

 
Symbol Description Value 

ρcoil Pipe Density 8700 Kg/m3 

Cp Heat capacity 385 J/kg.K 

σcoil Initial yield stress 32.6 MPa 

Ecoil Young’s modulus 70 GPa 

V Poisson’s ration 0.33 

Σcoil Electrical conductivity 5,998 × 107 S/m 

εcoil Relative permittivity 1 

εo Surface emissivity 0.5 

K Thermal conductivity 400 W/m 

ρo Reference resistivity 1.662 × 108 Ω∙m 

α Resistivity temperature coefficient 3.862 × 10−3 /K 

♣ Reference temperature 293.15 K 

 
The properties of the above table (b) are the same for the electromagnetic field 

shaper. 

5.3.3. Field Shaper Data Value 
 

Name Numerical value Unit 

Space between coil & Field shaper 1.25 Mm 

Thickness 6 Mm 

5.3.4. Workpieces (AA 5083) Properties Data Value 
 

Symbol Description Value 

rin Tube inner radius 37.5 mm 

rout Tube outer radius 39.5 mm 

Ht Tube height 130 mm 

ρ Pipe Density 2700 Kg/m3 
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Continued 

σyso Initial yield stress 32.6 MPa 

E Young’s modulus 70 GPa 

V Poisson’s ration 0.33 

σ Electrical conductivity 3,03e7 S/m 

ε Relative permittivity 1 

μr Relative permeability 1 

6. Simulation Findings 

After analyzing the full process using the simulation result, we found that when 
the system parameters remain unchanged, the distribution of the radial electro-
magnetic force will be the main parameter affecting the uniformity of the axial 
deformation of the tube, observing this simulation result we have seen that the 
induced eddy current and the strength of the magnetic field together determine 
the electromagnetic force experienced 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. 
The figures below are the simulation results of the tube during the deformation 
process with the magnetic flux density, the equivalent plastic train. Figure 10 
shows the 2D simulation of Tube deformation, Figure 11 shows 2D simulation 
of magnetic flux density, Figure 12 shows the 2D Equivalent Plastic strain si-
mulation, Figure 13 shows the simulation result of the Global equations during 
the deformation, Figure 14 shows the 3D simulation of Tube deformation re-
sults, Figure 15 shows the 3D magnetic flux density (Area influenced by the 
Magnetic field) and Figure 16 shows the 3D volume density (Area influenced by 
the deformation), respectively. 

 

 

Figure 10. 2D Tube deformation. 
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Figure 11. 2D magnetic flux density. 
 

 

Figure 12. 2D Equivalent Plastic strain. 
 

 

Figure 13. Global equations. 
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Figure 14. 3D Tube deformation results. 

https://doi.org/10.4236/jemaa.2024.164004


B. K. L. Soronga et al. 
 

 

DOI: 10.4236/jemaa.2024.164004 59 Journal of Electromagnetic Analysis and Applications 
 

 

Figure 15. 3D magnetic flux density (area influenced by the magnetic field). 
 

 

Figure 16. 3D volume density (area influenced by the deformation). 

7. Discussion 

The most affecting element in this EMF process is the induced eddy current and 
the strength of the magnetic field (the magnetic flux) and all together they de-
termine the electromagnetic force experienced by the pipe. During this interac-
tion, the transient current flowing through the actuating coil generates a time 
varying magnetic field. While the EMF forming process time start from 0 µs to 
1000 µs and the parameters and position of the coil remain unchanged, we have 
noticed that the structural change of the tube in terms of its height, the initially 
the tube’s height was 130 mm; once the EMF process has started, the magnetic 
field collected by the field shaper will be evenly redistributed along the work-
piece and this will cause its deformation, in addition a loss in height equivalent 
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to 5 mm at the top and bottom of the workpiece due to the expansion in the 
middle part of the tube, hence reducing the height of the latter one to 120 mm 
meanwhile the general length of the tube it is stretched up thanks to the Elec-
tromagnetic expansion, the inner radius increase from 37.5 mm to 53 mm. 

Furthermore, in order to better illustrate in discussing the situation of the 
tube deformation during the expansion process, the forming conditions of the 
tube at different times points when using the coil and magnetic field shaper 
proposed in this paper are obtained as shown in Figure 17. It can be seen that at 
when t = 250 µs, when the cylindrical coil is loaded, the middle part of the tube 
starts to deform, and the deformation area of the driving coil based on the mag-
netic field shaper is larger than traditional bulging process. At t = 1000 µs, the 
tube reaches it is maximum deformation, and when the cylindrical coil is loaded, 
and the proposed methods (insertion of a magnetic the field shaper) is employed, 
the tube is uniformly deformed and the flow of the tube material in the axial di-
rection can be realized. 

A 2D model temporal change of the tube through EMF is shown in Figure 17. 
Figure 17 shows the 2D Temporal deformation process and Figure 18 shows 

the 3D simulation model temporal change of the tube through EMF, respective-
ly. 

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 19. When a traditional coil is 
used to load the pipe, the driving coil is cylindrically wound and the same driv-
ing current is passed. Due to the uniform current distribution, the induced cur-
rent in the axial direction of the pipe is also uniformly distributed and the pipe 
has a relatively flat top and the deformation area of the pipe becomes wider. Ob-
viously, the end effect of the electromagnetic bulging of the traditional helical 
coil tube is weakened to a certain extent and the axial flux density and the cor-
responding radial electromagnetic force distributions are obtained as shown in 
Figure 20. Furthermore, in order to better reflect the deformation state of the 
pipe fitting in this discussion, during the expansion process, the forming condi-
tions 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 21. 
It can be seen that at t = 100 µs, 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 µs, 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 distri-
bution. Figure 19 shows the distribution of induced eddy current with time and 
axial position, Figure 20 shows the axial flux density and the corresponding 
radial electromagnetic force distributions, Figure 21 shows the 2D Temporal 
deformation process of the traditional Electromagnetic forming at different 
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times and Figure 22 shows the Temporal deformation process of the EMF with 
the magnetic field shaper, respectively. 

 

 
Figure 17. 2D Temporal deformation process. 
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Figure 18. 3D Temporal deformation process. 
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Figure 19. Distribution of induced eddy current with time and 
axial position. 

 

 

Figure 20. The axial flux density and the corresponding radial 
electromagnetic force distributions. 

 

 

Figure 21. 2D Temporal deformation process of the tradition-
al electromagnetic forming at different times. 
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Figure 22. 2D Temporal deformation process of the EMF with 
the magnetic field shaper. 

8. Conclusions 

The practicability of the suggested technique to control the electromagnetic 
force distribution profile is verified through the results which reveal that when 
the proposed method is employed, the radial-electromagnetic force becomes of 
convex-distribution which can remarkably increase the end deformation of the 
workpiece, overcome the end effect of the conventional forming process of pipe 
fitting, and uniformize the axial deformation of the tube more. 

From the simulation we have seen that when the system discharge parameters 
remain the same, there is a suitable magnetic field shaper structure parameter 
that optimizes the electromagnetic forming. By placing a magnetic field shaper 
between the driving coil and the workpiece, the distribution of the induced eddy 
current in the tube can be considerably controlled and well regulated, thereby 
realizing the loading of different electromagnetic force distributions which can 
effectively overcome the end effect in the traditional electromagnetic forming 
process and strengthen the radial electromagnetic force at both ends of the tube 
fitting, while weakening it at the middle of the tube, hence uniformizing the 
radial deformation of the tube. 

9. The Future Work 

This feature facilitates the new EMF method to realize the processing require-
ments for different metal pieces. While the feasibility of the proposed Electro-
magnetic Forming technique is proven in this paper through detailed finite ele-
ment analysis, further validation through experimental measurements including 
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the discussion regarding the safety measures necessary when dealing with high 
Lorentz forces and the potential high-speed metal deformation process risks, the 
durability issues of the field shaper under high electromagnetic forces and the 
raising concerns about the long-term feasibility and maintenance costs are to be 
presented in our future work. 
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