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Abstract: In sheet metal bending, Springback remains a key problem for the manufacture of any finished product within the 

allowed tolerance. In addition to geometric and material factors, the springback is also strongly impacted by the forming load 

and is focused on this study. The bending process of sheet metal requires considerable rotation and strain and a large 

springback due to the elastic material recovery. Therefore, a Finite Element programme based on a big deformation method 

was utilized to design a typical sheet bending process for cylindrical structure production. An in-house programme has 

included a Total Elastic Incremental plastic (TEIP) method to manage wide deformation and elastic recovery throughout the 

unloading process. In addition, tests on aluminium, brass, copper and mild steel sheets have been undertaken and supported 

by FEM analysis. 

Keywords: Advanced high strength steels (AHSS); Anisotropic nonlinear kinematic hardening model (ANK); Limiting dome 
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--------------------------------------------------------------------------------------------------------
 I INTRODUCTION 

The formation of sheets is a procedure in which a thin sheet 

of metal is produced in the required form. The bending of 

metal sheets is one of the commonly utilized sheets of sheet 

metal in industrial processes, in particular in the automotive 

and aerospace sectors. Bending is a technique frequently 

employed in many industrial sheet metal products. The sheet 

portions of these and other items are formed by bending 

stems.The forming device comprises of solid components for 

the majority of sheet metal forming operations, typically 

involving a die with the necessary form, a punch to drive the 

sheet into the die chamber and a holder to tighten the 

specimen during the forming procedure. However, the holder 

is not necessary in some sheet metal forming operations and 

this is called air bending like V-bending and U-drawing, as 

illustrated in Figure 1.1 Shows. 

 
Figure No 1.1: V & U Bending Sheet metal forming 

The precision and success of the bending process rely on the 

operating parameters, material characteristics, clearance, die 

and punch radius, friction etc. In the past, sheet metal 

bending techniques relied on the designer's experience and 

entail testing and failure to get the desired outcome. Many 

analytical models are offered for the analysis of a spring back 

in bending by simple beam or plate bending. In principle, 

bending is a metal shaping technique where a force is given 

to a piece of sheet metal, such that it bends at an angle and 

forms the required shape. A bending operation generates 

deformation along one axis, however a series of other 

operations can be carried out to build a complicated 

component. Bent pieces such as a bracket can be relatively 

little or up to 20 feet long, such as a big enclosure or chassis. 

A bend can be described by a number of factors given in the 

following image: 

 
Figure 1.1: Bending Diagram 
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In sheet metal bending, Springback remains a key problem 

for the manufacture of any finished product within the 

allowed tolerance. In addition to geometric and material 

factors, the springback is also strongly impacted by the 

forming load and is focused on this study. The bending 

process of sheet metal requires considerable rotation and 

strain and a large springback due to the elastic material 

recovery. Therefore, a Finite Element programme based on a 

big deformation method was utilized to design a typical sheet 

bending process for cylindrical structure production. An in-

house programme has included a Total Elastic Incremental 

plastic (TEIP) method to manage wide deformation and 

elastic recovery throughout the unloading process. In 

addition, tests on aluminium, brass, copper and mild steel 

sheets have been undertaken and supported by FEM analysis. 

II LITERATURE SURVEY 

Tomasz Trzepiecinski's study (2020) aims to synthesise 

current advancements in the numerical and experimental 

domains of traditional deep-drawing, filtering, flexible die-

forming, electromagnetic forming and computerised forming 

processes such as incremental forming of sheets. The 

evaluation is confined to significant developments in the 

SMF sector during the past decade, particularly in the 

timeframe 2015-2020. The progress witnessed in the 

previous decade of SMF involves mostly the development of 

non-conventional techniques for developing lightweight di 

cult-to-form materials for automotive and aviation 

applications. Tribological considerations have also received 

significant attention while analysing the ecological 

convenience of SMF procedures. The research provides an 

overview of the main themes related to the development of 

sheet-forming processes, including spinning and shear 

spinning, flow shaping, incremental sheet forming including 

forming of water jet sheets, flexible die forming, multi-point 

die forming, solid granular shaping, electromagnetic and 

electrohydraulic forming. The advancement in the field of 

SMF in the last decade largely includes the development of 

non-conventional techniques to produce lightweight, di cult-

to-form materials for use in automobiles and aeroplanes. 

Improving its design to boost its performance with 

substantial production flexibility, decreasing production 

costs, and developing structures that are adaptable to unusual 

plastic forming processes [1] are the main themes in the 

development of contemporary machinery.  

Marina Maia Araripe et al. (2020) did a Finite Element 

Analysis (FEA) to model the magnesium alloy AZ31 sheet 

metal deep drawing process. The main aim is to assess the 

influence of the blank holding force and friction on 

formability by forecasting springback results, the distribution 

of the thickness and the thinning of the sheet metal white. A 

total of 54 simulations have been carried out. The results 

show that in the deep drawing the part most likely to collapse 

is the lower border of the cup where its fragility is focused. 

The failure zone can also be displaced towards the cup walls 

when the coefficient of friction between the die and the upper 

surface of the blank rises [2].  

 

The mechanical characteristics for the sheet material detected 

in uniaxial tensile testing, Tomasz Trzepiecinski et al. 

(2020), have been utilised as input parameters for the ANN 

training. In the V-die air bending test, the springback 

coefficient was employed as an output variable. It has been 

discovered that specimens cut in the direction of rolling 

display greater springback coefficient values than those cut 

crosswise in the direction of rolling. An increase in the 

bending angle causes the springback coefficient to rise. A 

GA study has showed that the module and the ultimate 

tensile stress of Young do not have a substantial impact on 

the springback coefficient. The most significant factors 

determining the Springback coefficient are the punch bend 

depth below the load using multi-layer perceptrons trained by 

back propagation, conjugate gradients, and Lavenberg – 

Marquardt algorithms [3].  

Mario Dib et al. (2018) are provided with the aim of 

selecting the optimal machine learning method to accomplish 

this task effectively. Three separate data sets have been 

developed to build the model using numerical simulation for 

three mild steel materials: mild steel, HSLA340 and DH600. 

The numerical simulation was conducted based on seventeen 

input factors which reflect material properties. Furthermore, 

two types of defect, the springback and the maximum 

dilution, were evaluated in the simulator as binary with 1 

(defects) and 0 (no defects). The experimental design 

includes the use of cross-validation for properly selecting 

model parameters by utilizing MLP, CART, NB, RF and 

SVM algorithms. The average findings were 30 runs and 

standard deviations were reported. The initial result is that, 

according on the type of fault and settings of the experiment, 

the learning algorithm measures differently. Although the 

first findings demonstrate good algorithm performance in the 

simulated environment, a further investigation will be carried 

out using real data. Based on such experimental findings, it is 

feasible to develop a machine learning model that can 

generate adequate output in the industrial environment in 

relation to the fault prediction. Although most scores had 

comparable results regardless of the kind of material or the 

fault class, the classification methods may be argued in 

support, since they had the best results for accuracy and AUC 

parameters. It would be a safe option in this sense to utilize 

them as a typical choice to carry out such a forecast. 
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Although some algorithms did not perform well in certain 

environments, for example in case of a specific material 

defect combination, this could have happened because of the 

small size of the training data set since overall, with large 

samples of data, the machine learning algorithms could learn 

better in each situation. For this reason, the use of bigger data 

samples is one element that might be enhanced in the future 

in order to produce better results [5].  

Lin JingDong (2017) is a Gaussian Process Regression 

(GPR) approximation model approach to forecast the 

forming defects of sheet metal forming processes. Finite 

element analysis is used for drawing process simulation. 

Draw-resistance coefficient and blank holding force are 

included in the design factors. The limit diagram for forming 

is used to calculate defect values. A drawing instance from 

the dashboard shows that the methodology suggested is more 

accurate and effective than the vector machine method and 

the standard surface response method. The case study 

validated the feasibility and correctness of the suggested 

approximation model. Comparing the performance of the 

different approximation model techniques, the GPR model 

provides benefits in prediction of sheet metal flaws. In the 

meantime, GPR model can simultaneously give prediction 

model uncertainty. The suggested prediction template may be 

utilised to forecast faults and establish a strong basis to 

optimise future process parameters for sheet metal forming 

[6].  

Omkar Kulkarni et al. (2015) studied that Deep Drawing 

Springback is a key criterion to optimise in order to maintain 

the component's functional requirements. The Springback 

relies on many profound drawing factors, such as the Blank 

Holder Force (BHF), the friction coefficient (μ), Die radius 

(Rd) and the punching radius (Rp). The four parameters need 

to be adjusted so that Springback is minimised in the 

component after the procedure and the completed part is 

improved. Cohort intelligence is used to decrease springback, 

a very efficient and rapid algorithm inspired by a collection 

of cohorts and their capacity to supervise themselves. The 

study of formability of the original component [8].  

 

Muhamad S. Khan (2017) suggested that a springback 

classification based Intelligent Process Model (IPM) in sheet 

metal forming utilising SPIF be predicted in this article. A 

Local Geometry Matrix (LGM) format was suggested, 

enabling the recording of local 3-D surface geometries so as 

to allow the effective use of classifier generators. In the 

suggested IPM [9], the resultant classifier was incorporated. 

 

Hakim S. Sultan Aljibori (2009) et al. conducted performed 

the analysis of finite elements of sheet metal forming 

processes using the software for finite elements. LUSAS 

simulation has been performed to accurately and critically 

comprehend the sheet forming process. Axisymmetric 

element mesh and plain strain element mesh were used for 

the design and research of the sheet metal forming process 

with sideline characteristics. In nonlinear situation, the 

simulation of the elastic plastic behavior of the aluminum 

sheet was performed for examination of the sheet metal 

forming process [12]. 

L. Taylor(1995) et al. offered the numerical solution to sheet-

metal forming applications with the overall aim of the 

ABAQUS finite-element modules, implicitly and explicitly. 

The three NUMIFORM'93 conference benchmarks are given 

as examples in the article. The analysis was conducted 

utilizing combinations of the implicit and explicit ABAQUS 

versions. The methodologies of numerical modelling utilised 

in these analyses are described. For each of the benchmark 

issues, the efficacy and appropriateness of the implicit and 

explicit finite-element techniques are discussed [16]. 

III. EXPERIMENTAL INVESTIGATION 

Deep drawing is the most relevant step for sheet metal 

forming simulation and is detailed in the following: Deep 

drawing is a sheet of metal technique in which a (plane) sheet 

of metal is drawn, compressed and flattened to the dual 

curved shape. The items produced using this method include 

various containers, automobile body panels, aircraft 

components, etc. The metal sheet is inserted between two 

parts of the tool, the die and the binder. The goal of the die 

and the binder is to hold the plate with sufficient strength (the 

binding force) to prevent creases. When the punch is pressed 

down against the surface of the sheet, the sheet is pushed 

down and the sheet begins to bend. The time sequence for an 

axially symmetric component is illustrated in Fig. 3.1 

 
Figure No 3.1: The deep drawing process in four time steps 
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The four stages shown are as follows: 

1. The punch, die and metal sheet (or workpiece) on the 

binder is displayed by a cut through tool. The binder has 

been upgraded. 

2. The binder and punch are down. The binder reaches the 

plate before the punch, therefore applying the pressure, the 

tie force, to the plate. The periphery portions of the 

workpiece are therefore maintained. If the binder is not flat, 

there is an initial formation. 

3. The punch is now in touch with the board and the board is 

pulled to the die by the opening. It moves over the radius of 

the die. The external radius of the circular workpiece is 

decreased as the punch continues downwards. In this 

technique, the workpiece is created by stretching in the 

direction of drawing, compressed and flattened in the circular 

direction. 

4. The punch is moved up and the component produced is 

removed from the tool. 

IV EXPERIMENTAL RESULTS 

4.1 Analysis of AISI 1040 Steel 

1. Benchmark condition 

 

Figure No 4.1: Benchmark condition for AISI 1040 steel 

The hat profile as a basic deep drawing example removes the 

lateral dimension in first order, which facilitates plasticity 

analysis. Four distinct AHSS, all 1.5 mm thick, have been 

checked and compared. In general, the HYTENS800 

stainless steel exhibited the greatest differences. The draw-in, 

surface strain, thinning, final form and spring-back of the 

experiment and simulation may be compared. 

2.  0.10 mm iteration 

 

Figure No 4.2:  0.10 mm Iteration for AISI 1040 steel 

3.  0.125 mm iteration 

 

Figure No 4.3:   0.125mm iteration for AISI 1040 steel  

Good quality but limited quantitative agreement has 

been reached.In models the primary stresses in key bending 

regions are underestimated by up to 75%. Deformation is 

regulated by stresses in the bending regions.In key places a 

finer optical measuring pattern from 3 mm to 2 mm provided 

15 percent higher stress readings.There is relatively little 

impact on the difference between friction coefficient 0 and 

0.1.The simulation is generally extremely sensitive in key 

bending areas.The LS-Dyna software code was 9-18 percent 

lower than PamStamp. Both were higher than the 

experiments. The Hill90 and Hill48 material models lead to 

almost the same results for TRIP700 and DP750 materials. 
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4.2 Analysis of Aluminium Alloy 5058 

1. Benchmark condition 

 

Figure No 4.4: Benchmark condition for Al alloy 5058 

2. 0.10 mm iteration 

 

Figure No 4.5:  0.10mm iteration for Al alloy 5058 

3. 0.125 mm iteration 

 

Figure No 4.6:  0.125 mm iteration for Al alloy 5058 

The material models Hill48 overestimate for the 

DP600 and HYTENS800 and Hill90 substantially 

underestimate experimental stresses.In the simulation 8-12q 

spring-back is underestimated. Further verification and error 

cause identification are necessary and better material 

modelling is desired for AHSS. 

Table No 4.1: Results 

V CONCLUSION 

It may be summarized that a very appropriate technique for 

verification of numerical simulation and material modelling 

for the profound drawing of advanced metals has been 

created. A basic shape has been chosen to eliminate first-

order lateral deformation resulting to easy two-dimensional 

analysis. Because the diverse physical causes are largely 

analyzed independently, a theory of plastic deformation may 

be gradually constructed as a basis for more complicated 

geometries. Verification of experimental simulation results 

seems to be as crucial as analysis of numerical refining. The 

change of the parameter, e.g. the friction coefficient, is an 

appropriate analytical tool. The qualitative assessment was 

quite good, the requirement for additional investigation and 

identification of the root of the mistake was met with 

quantitative differences. The material models available today 

are not suitable for advanced high strength stones under 

examination, upgrades are needed. In addition, the 

understanding and consideration of the limits demand 

improvements. Deep drawing applications will be enhanced 

due to increased process theory and geometry predictability. 

 

Specification 

Data 

AISI 1040 Steel Aluminium 

Alloy 5058 

Young's 

Modulus (GPa) 

210 70 

Possion's Ratio 0.3 0.3 

Density (g/cc) 7.845 2.84 

Yield tensile 

strength (MPa) 

415 350 

Ultimate tensile 

strength (MPa) 

620 445 
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