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 

Abstract: Electromagnetic die forming is a high-speed 

formation method that can be quite effective in increasing the 

limits on the shape of the metal sheet of low weight and of the 

strong electrical conductivity content. A coil is an essential 

instrument for transmitting electrical power to plastic energy, 

and the geometry of the coil plays a key role in macrofield 

transmission. Experiments of the electrical composition of 0.5 

mm, 0.7 mm and 0.9 mm AA5083 aluminum sheets are 

performed via the box-behnken technique with a single layer 

spiral and a flat square-cross section and spiral. Evaluating 

characteristics like total height, rib height internal diameter, and 

external diameter for various charge voltage and current was 

investigated for the forming behaviour. The results show that the 

efficiency of production is very dependent on the divide and 

thickness of work pieces. 

 

Keywords : Electromagnetic die forming, AA5083 Aluminium 

alloy, circular coil, working gap, Microstructure.  

I. INTRODUCTION 

Electromagnetic die forming (EMF) is high speed 

technique used in the forming of the spindle and the sheet by 

magnetic repulsive forces. Due to the extremely high 

deformation rate and the resulting effect, formability has 

been improved and the back of the spring decreased 

compared to conventional quasi-static methods. 

Furthermore, the contact-free use of power reduces the need 

for male punching and lubrication, significantly reducing 

costs. EMF can be used to create complicated objects, such as 

a protrusion of a deep-drawn channel on the side wall that 

with traditional punching processes cannot be created. EMF 

uses in the automobile machinery, aerospace and other 
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sectors have recently increased because of its effectiveness in 

the shaping of low-deformance sheet metals, such as 

aluminum sheet in [1]. The time variation currents passed 

through the work spiral produce eddy current without 

mechanical or working media in the workpiece [2]. EMF can 

be used successfully for shaping complex structures, with 

increased strength and minimized screwing benefits 

states[3]. The free formation and cavity filling formulation of 

aluminum alloy layer was proposed in [4]. We researched the 

impact of die geometry, tension frequency and failure 

position and reported that increased release energy results in 

an increased cavity filling and stress level. In [5]investigated 

the efficacy and formability of Mg Alloy Blades through 

bulging experiments through warm-based 

electromagnetic-hybrid-forming (WEMF) voltage, capacity 

and temperature effects. The findings of research to study the 

reduction of a 20 mm diameter to 5 mm of a AA 5754 1 mm 

sheet by traditional metal forging (stamping) and EMF by the 

use of modern metal forging (stamping) and have been 

defined in [6] engineered an electrical two-stage formation 

(EMF) of a sheet metal in the shape of a middle frame. a 

parallel row covering the work surface uniformly by means of 

magnetically pressurized magnetic force. In [7] the basis of 

conceptual analyzes of coil inducting ratios, sheet thickness 

and energy efficiency, suggested the new Flat Spiral coil for 

large and spacious plates[8]. We also reported that, thanks to 

an additional influence of each layer of the multi-layer coils, 

the magnet power working on the workpiece simply rises, 

while the tension on the coils can be effectively controlled 

due to the share in each layer of multi-layer coils[9]. The 

magnetism works on the workpiece. ANSYS simulated the 

electromagnetic force and plastic sheet deformation with 

electromagnetic force at different temperatures on a new 

method of controlling the distortion of welding with trailing 

electromagnetic force[10].In [11]-[12] Electromagnetic 

blank Restrainer (EMBR) is a new technology that has 

recently been developed to monitor product motions in sheet 

metal forming processes. EMBR's inherent feature is a 

magnetic attraction on the ferrous plates. In this work, a 

single-layer spiral, flat spiral coil with square cross section 

was formed to form AA5083 aluminum alloy plates. This 

investigation has taken into consideration process 

parameters such as voltage, gap and thickness of the 

workpiece. In comparison to 

the proportion of error 

deviation, the measured and 
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predicted shape of the part was identified. Mechanical tests 

are carried out in the forming zone to assess the strength of 

the material. In addition, the EMDF method optimization 

parameters study was conducted to define the optimum 

system parameters through the Box benken technique. In the 

process, the microstructure study were undertaken to analyze 

surface features at area creation.  

II.  MATERIALS AND METHODS 

The configuration of the EMDF system coil as shown in 

the Fig. 1.The coil has an inner and external 20 mm and a 

120 mm square cross section from 6 X 6 mm There is a 

distance of 2.5 mm between the spools and a spiral total of 6. 

The space between the bobbins was filled with epoxy resin 

and araldihyde  so as to restrict the interaction  between the 

spindles and preserve the distance between the coils and to 

avoid intermediate changes during current flow in the coil. 

 

 

Fig. 1. Coil design for EMDF process.  

The workpiece material is AA5083 aluminum alloy. 

Image. 3Displays the die for electrical formation. The 

working-piece, belt and die are mounted on the circular 

sleeve, the bob is attached to the center of the upright 

mounting seat, and the workpiece is placed between the die 

and bobbin positioned in coaxial position with the bobbin. 

For tests, a power supply with a maximum capacity for 

energy of 10 kJ is used. Fig.2 shows the schematic view of die 

with dimensions.Table-I Displays the electromagnetic 

machine forming specifications. In the process of forming 

the Gauss counter, the magnetic stream formed in the coil is 

determined and the gauss meter parameters are displayed in a 

Table-II. 

 

 

Fig. 2. Schematic view of Die with dimensions.  

Table- I: Electromagnetic forming machine specifications 

Parameters Specifications 

Energy capacitor 10 kJ; 2000 V 

DC Discharge Unit   50  KA   

Transformer 10- 15 KVA 

Discharge thyristor 

module 

3000 PIE 20000 Arm 

Thyristor type Firing  and AC variable thyristor 

control module with HMI and PLC 

 

Table- II: Gauss meter specifications 

. 

Parameters Low Medium High 

Voltage DC 500V DC 800V DC 1250V 

Current 80,000 

pulse 

current 

1,30,000 

pulse 

current 

2,00,000 

pulse current 

 

An EMDF system consists, as shown schematically, of a 

condenser desk, a charging tool, a high speed toggle, bobble, 

mounting and workpiece. The energy deposited on the 

condenser bank is dissipated and the loop is running with a 

resonant current. A magnetic field entering the workpiece is 

produced by an electrical current flowing through the coil. 

The changing period magnetic field causes electric currents 

in its change in the workpiece, which move in the opposite 

direction towards the surface of the coil current. The coil and 

workpiece resist each other due to the presence of the 

magnetic fields or similar, according to the existing Lorentz 

power. In most cases the spindle is fixed so that the 

workpiece moves away from the spindle. The workpiece is 

shaped in the specified die shape based on the restrictions 

imposed by devices such as the die and the holder.  

Box–Behnken has been used to administer the necessary 

number of tests as shown in the table. The development of 

Box–Behnken is an isolated quadratic system that does not 

include an embedded factorial or factorial design. The 

treatment combinations in this design are at the center and 

the middle ends of the process space. These designs can be 

rotated (or almost rotated) and require 3 factor levels. The 

Box–Behnken design offers the highest efficiency for an 

experiment with three factors and 3 levels; in addition, 

comparing a central composite design, the number of 

experiments is much smaller. Box–Behnken is an 

unoptimized three-level rotatable second-order model. This 

is a different 3-level model since it has no points at the 

vertices of the test region. This can be useful if the points at 

the corners of the cube reflect grades that are unfavorably 

costly or untestable due to physical system constraints. Fig. 3 

shows the Experimental setup of EMDF machine. 
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Fig. 3. Experimental setup of EMDF machine.  

 

 

Table-III describes the AA5083 aluminum alloy  material, 

chemical composition. Table IV illustrates the Parameters 

and their selected levels of EMF Process. 

 

Table- III: AA5083 aluminum alloy  material, chemical 

composition. 

 

 
 

Table- IV: Parameters and their selected levels of EMF 

Process. 

 
 

The multiple response functions, such as Outer diameter, 

Inner diameter, Rib height and Total height are the function 

of working gap, voltage, current count and workpiece 

thickness. The response function can be expressed as Y= f(A, 

B, C)The second order polynomial formula for the answer Y 

is given in  the Eq. (2)  

 

........(2) 

 

Table- V: Parameters and their selected levels of EMF 

Process. 

 

 
 

Table-V illustrates Parameters and their selected levels of 

EMF Process. Each The mathematical equation representing 

the Outer diameter, Inner diameter, Rib height and Total 

height  is given in Eq. (3), (4), (5) and (6).Regression 

Equation from RSM. 

 

 

III. EXAMINING ADEQUACY OF THE 

DEVELOPED MODEL 

Use the ANOVA method to evaluate the adequacy of the 

built model. With this technique the model shall be deemed 

to be adequate within the confidence limit if the calculated 

value of the Fratioof the model developed does not exceed the 

standard tabulated value of the Fratio for the required 

confidence level (say 99 percent). Table shows the results of 

the ANOVA are sufficient which are inferred by Table VI, 

Table VII, Table VIII and Table IX. Determination 

coefficient explains how well the data corresponds to the 

model established. The evaluation method is a statistical 

measure of the estimation of the actual data points by the 

regression line. In this scenario, the decision coefficient 

(R2)= 0.95 means that the model does not clarify just 5% of 

the total variations. 

 

Table- VI: ANOVA table for Inner diameter . 

 
 

Table- VII: ANOVA table for Outer diameter. 

 

 
 

Table- VIII: ANOVA table for 
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Rib height. 

 
 

 

 

 

 

 

 

 

 

Table- VIII: ANOVA table for total height. 

 
 

The normal probability plot was developed to understand 

whether normality exists in the experimental data. The 

residuals of the measured experiment against the resulting 

residue of the standard normal distribution are added to the 

usual likelihood path. If the graph indicates a straight line, 

the detected specimen may reasonably be assumed to come 

from a normal distribution. The usual likelihood plot drawn 

shows that the data are distributed naturally. Figure. 5 shows 

that the residuals fall on the line, so the errors are normally 

distributed.  

 
a) 

 
          b) 

 

 
          c) 

Fig. 4. Normal probability plot for a)ID,b) OD, c)TH. 

Fig. 4 shows the performance of Normal probability for 

ID,OD,TH. 

IV. RESULT AND DISCUSSION 

A spiral-flat single coil layer with a square 

electromagnetic shaping cross section is designed to achieve 

a winding divide of 2,5 mm between the spiral. The blank 

holder force in the experiment remained constant and the 

voltage of discharge is 2 kV. It demonstrates that during 

high-velocity electromagnetic forming the major influence of 

magnetic force deformation characteristics is the size and 

distribution, although the effect of friction on 

electromagnetic high-velocity formation is minimal. Fig.5. 

Shows after forming the final component. The experimental 

fitness value is observed in fig.6 to be slightly less than 

expected, but the maximum difference is only about 0.3 mm 

and the fitability error is less than 10 percent. A fitability 

comparison shows that the electrical coil constructed to 

create more precise parts without scratching the surfaces. 

Experimental workpiece profiles can be assessed by 3D 

measurement engineering (Projector Model, TII Techno 

Testing's, Chennai). 3D measuring technology is an 

important reverse engineering approach, and 3D profile 

measurement technology can 

accurately measure the curved 

surface of the forming 
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components. Fitness of the formed workpiece can then be 

obtained by fitting the die surface and illustrated in Fig.7 the 

fitness of the formed workpieces. The figure shows that some 

portion of the sheet to match with the die is still some way 

from the mounting. Fig.8 shows Z-axis along the A-A line.   

 

 

Fig. 5.  EMDF workpiece. 

 

Fig. 6. Workpiece before forming and after forming. R1, R2- 

Forming region . 

Table- X: ANOVA table for Rib height. 

 

 

 

Fig. 7. Experimental results at 5 mm working gap . 
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Fig. 8.  Z-axis along the A-A line  . 

Hardness test was carried out as per ASTM E-384 

standard for the electromagnetic formed specimens by 

HV-115 Vickers hardness testing machine.  A small piece of 

sample was taken from the workpiece to evaluate the 

hardness of the specimen at the forming region. A test was 

carried out in the room temperature and the applied load of 

40 kgf. The hardness test results are shown in  Table. X. An 

average hardness of 55 to 57 HV was achieved at various 

working gap between 5 mm and 15 mm, voltage between 500 

V to 1100 V and workpiece thickness 0.5 mm to 0.9 mm. It is 

observed from that maximum hardness of 57.4 HV was 

achieved when working gap 5 mm, voltage of 1100 V and 

workpiece thickness 0.5 mm. 

 
                  a)       b)                          c) 

Fig. 9. Deformed sample @ working gap 5 mm and material 

thickness of (a) 0.5 mm, (b) 0.7 mm and (c) 0.9 mm  .  

 

            a)        b)        c) 

Fig. 10. Deformed sample @ working gap 10 mm and 

material thickness of (a) 0.5 mm,  (b) 0.7 mm and (c) 0.9 mm    

The microstructure of the workpiece at the forming region 

was examined with aid of SEM (Carl Zeiss SUPRA-55, 

centre for nano science and nanotechnology laboratory, 

Chennai) to observe the surface texture characteristics of the 

workpiece. Fig. 9 and 10 shows the microstructure of formed 

workpiece at a working gap of 5 mm and 10 mm with 

different material thickness 0.5 mm, 07 mm and 0.9 mm. 

The molecules were tightly bonded in 0.5 mm thickness 

workpiece and hence, finer surface finish was observed. 

Further increase in workpiece thickness, hardness of the 

material gets decreased. Because of the higher specimen 

thickness and higher working gap it opposes forming stress 

against the electromagnetic force created by the coil.  

The RSM optimization method has been used to refine 

EMF system parameters. The optimisation desirability for 

the entire process was calculated to demonstrate the 

feasibility of optimisation, i.e. to explore whether or not all 

parameters are within its operational range. The goal was to 

assess the outer length, inner size, rib height and overall 

height. The optimal composite rate is 0.9533 and the system 

parameters are correctly accepted.   

Data analysis performed the verification experiment with 

the optimal control variables. It is basically a verification or 

invalidation of optimal control factors grades. The 

unsatisfactory study includes the need for further studies. 

Table- XI: Displays the results and the values of the 

experiments. It was observed that the percentage of errors in 

both the performance response characteristics was within the 

acceptable limits of ±10 percent. This was in good agreement 

between the expected machining capability and the real 

machining output for the tests.  

 

Table- XI: Confirmation test  . 

 

V. CONCLUSION 

Electromagnetic die formation method has been 

experimentally studied in the creation of an aluminum sheet. 

A flatspiral coil of one layer of copper was designed on a 

lorentz power. The results are as follows. 

 Increased the voltage applied to the spindle from 500 to 

1100 V, the induced EMF increases, which is more formable. 

The workpiece, which provides improved formability, can 

extract a high level of EMF strength while decreasing the 

working gap.  Contrary to this argument, voltage decreases 

and work space improvements appear to be insufficient. 

 The working gap has a major effect on driving coil's 

energy efficiency, and minimizing the working distance 

increases magnetic strength on the plate, which can increase 

the sheet's plastic flow.  

 In fact, a Box-behnken 

technique optimization study 
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was conducted to define the optimum system parameters to 

achieve better shape. Working distance, voltage and 

workpiece thickness are respectively 5, 1100 and 0.7 mm 

with optimum system parameters.  
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