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ABSTRACT: 

 

The technique of sheet metal forming is well 

established and often used. It is essential for 

survival in the cutthroat manufacturing industry to 

reduce response times and costs, boost 

productivity, and raise the calibre of manufactured 

goods. Using finite element analysis as a 

simulation tool, we may examine how components, 

machinery, and structures operate under various 

loading conditions. An overview of regulating 

geometry and material nonlinearity has been 

provided in regard to constrained component 

reproduction of framing activities. This study 

describes the bending of sheets of AISI 1020 steel, 

1060 aluminium alloy, and duranickel alloy using a 

bend test using a 'V' shape punch tool. The sheet 

metal strip experiences permanent distortion as a 

result of the severe plastic strain. One of the most 

important issues with the sheet metal bending 

process is the development of spring back during 

unloading. This study makes use of finite element 

analysis and design of experiments to examine the 

bending behaviour of sheet metal. Numerical  

 

 

 

 

 

 

simulations using parametric analysis are 

performed to study the elastoplasticbehaviour. The  

static mechanical behaviour of metal sheet is 

investigated for various materials to discover 

correlations. In order to implement the systematic 

procedure, a FEM analysis of sheet metal three-

point bending is created. 

 

Keywords:FEA, Sheet metal bending, 

ANSYS, Aluminum Alloy, geometric 

nonlinearity, material nonlinearity. 

 

I. Introduction 

A variety of metallic components for cars, aircraft, 

buildings, and home appliances are created using 

deformation processing. This category comprises 

manufacturing processes that include moulding the  

material to a product's basic shape using plastics. 

Examples include forging, rolling, extrusion, sheet 

metal forming, and hydro forming. In a kind of 

deformation process known as sheet metal forming, 

blanks are shaped into the desired shape with a 

thickness that is much smaller than the other 
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dimensions.Sheet metal forming includes bending, 

punching, drawing, stretching, and other processes. 

The best of multiple bending techniques is chosen 

to manufacture the sheet metal: V-die bending. 

Frequently occurring sheet metal forming failures 

include issues including puckering, wrinkling, and 

shape distortion. They are renowned for having a 

high thickness to surface area ratio. No one test can 

reliably forecast a material's formability under all 

conditions since sheet metal forming processes 

vary so much in terms of type, scope, and speed. 

specified processes need the work material's 

forming characteristics to fall within a specified 

range in order to be successfully completed. The 

effectiveness of forming operations as a whole is 

influenced by a variety of parameters,

stretching, elongation, anisotropy, grain size, and 

others. Another important factor that affects the 

creation of sheet metal is sheet metal anisotropy, or 

directionality. Anisotropy is obtained during the 

thermo-mechanical processing of the she

formability of the same sheet metal might vary 

greatly in various worlds depending on the 

elements of the forming system. It's interesting to 

contrast this with a typical mechanical property of 

sheet metal, which depends just on the sheet metal 

and not on system elements such as sheet thickness, 

manufacturing circumstances, surface polish, and 

sheet metal characteristics, among others.

During the bending process, a force is applied to a 

sheet of metal, causing it to bend at an angle and 

take the desired form. The work item is first bent in 

an elastic zone. Plastic deformation causes the 

work item to become warped over time, changing 

its shape. Beyond its yield strength, the material 

has been stretched, but not quite to its maximum 

tensile strength. The bending process causes the 

sheet metal to be both squeezed and tensioned. The 

outside surface of the sheet is tensed and lengthens, 

while the inner surface is compressed and 
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metal forming includes bending, 

punching, drawing, stretching, and other processes. 

The best of multiple bending techniques is chosen 

die bending. 

Frequently occurring sheet metal forming failures 

puckering, wrinkling, and 

shape distortion. They are renowned for having a 

high thickness to surface area ratio. No one test can 

reliably forecast a material's formability under all 

conditions since sheet metal forming processes 

ype, scope, and speed. 

specified processes need the work material's 

forming characteristics to fall within a specified 

range in order to be successfully completed. The 

effectiveness of forming operations as a whole is 

influenced by a variety of parameters, including 

stretching, elongation, anisotropy, grain size, and 

others. Another important factor that affects the 

creation of sheet metal is sheet metal anisotropy, or 

directionality. Anisotropy is obtained during the 

mechanical processing of the sheet. The 

formability of the same sheet metal might vary 

greatly in various worlds depending on the 

elements of the forming system. It's interesting to 

contrast this with a typical mechanical property of 

sheet metal, which depends just on the sheet metal 

not on system elements such as sheet thickness, 

manufacturing circumstances, surface polish, and 

sheet metal characteristics, among others. 

During the bending process, a force is applied to a 

sheet of metal, causing it to bend at an angle and 

ired form. The work item is first bent in 

an elastic zone. Plastic deformation causes the 

work item to become warped over time, changing 

its shape. Beyond its yield strength, the material 

has been stretched, but not quite to its maximum 

he bending process causes the 

sheet metal to be both squeezed and tensioned. The 

outside surface of the sheet is tensed and lengthens, 

while the inner surface is compressed and 

contracts. As you go closer to the sheet's centre, the 

tensile and compressive stresses decrease.

 

Fig 1: Sheet bending using U-die and V

II. Geometry of ‘V’ Punch tool and 

Die  

Figure 2 shows the geometrical dimensions of ‘V’ 

punch tool and die designed in Solidwork

Fig 2: Geometry of ‘V’ Punch tool and Die 

 

III. Material Properties

The following are the material qualities of sheet 

metal, punch tools, and dies: 

The characteristics of AiSi1020 steel, 1060 

Aluminum alloy, and Duranickel alloy are listed in 

table 1. 
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Punch tool and 

 

shows the geometrical dimensions of ‘V’ 

punch tool and die designed in Solidwork. 
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Properties 

The following are the material qualities of sheet 

The characteristics of AiSi1020 steel, 1060 

Aluminum alloy, and Duranickel alloy are listed in 
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Table 1: Properties of materials used 

 

AISI 

1020 

STEEL 

Aluminiu

m 1060 

Alloy 

Duranickl

e Alloy 

Density 
7900 

kg/m3 
2700 kg/m3 

8200 

kg/m3 

Young’s 

modulus 
200000 69000 210000 

Poisson 

ratio 
0.29 0.33 0.34 

Tensile 

yield 

strength 

420.5 

mpa 
27.57 mpa 344.67 mpa 

Tensile 

ultimate 

strength 

351.57 

mpa 
68.93 mpa 620.42 mpa 

IV. Modelling Geometry of Punch 

Tool and Die 

The 'V' Punch tool, sheet metal, and die design 

configuration were modelled using Solidworks. 

Import the.igs file into Ansys next to assess the 

design geometry. The die component of the sheet 

metal bending assembly is fixed. The sheet metal 

plate is fastened using the die. The die is entirely 

constrained. In this work, transient structural 

analysis is used to determine the bending stresses 

in sheet metal plates. Figures display the 

nomenclature for sheet metal plate bending view 

assembly. 

Fig 3: Sheet Metal Plate Bending View Assembly 

 

 Fig 4: Meshed view Model of Sheet metal 

Assembly 

V. Results and Analysis 

 

Set up the analysis and timer to start calculating the 

reaction force, equivalent stresses, total 

deformation, and direction of deformation for 

different materials. Click on it, for instance, stress, 

and then choose intensity and similar stress to learn 

more about that response. Then, click on solve to 

provide a solution. 

Figure shows the Analysis of Sheet metal bending 

variations. 

 

 Total Deformations 

The figure shows the total deformations that 

resulted from applying the bend test to sheets 

made of AISI1020 steel, 1060 aluminium 

alloy, and duranickel alloy. 
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  Fig 5: Total deformation of AISI 1020 Steel                 

Fig 6: Total deformation of 1060 Al Alloy

Fig 7: Total deformation of Duranickle Alloy

 

 Equivalent Strain  

Figure shows the Equivalent strains

AISI1020 steel, 1060 Aluminum alloy, 

Duranickel alloy sheets using bend test
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5: Total deformation of AISI 1020 Steel                 

 

: Total deformation of 1060 Al Alloy 

 

: Total deformation of Duranickle Alloy 

Equivalent strains of 

AISI1020 steel, 1060 Aluminum alloy, 

Duranickel alloy sheets using bend test. 

Fig 8: Equivalent strain of AISI 1020 Steel 

 

          Fig 9: Equivalent strain of 1060 Al Alloy        

Fig 10: Equivalent strain of Duranickel alloy

 Equivalent Stress  

Figure shows the Equivalent stresses

AISI1020 steel, 1060 Aluminum alloy, 

Duranickel alloy sheets using bend test
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8: Equivalent strain of AISI 1020 Steel  

: Equivalent strain of 1060 Al Alloy         

Duranickel alloy 

Equivalent stresses of 

AISI1020 steel, 1060 Aluminum alloy, 

Duranickel alloy sheets using bend test. 



International Journal of Science, Technology and Management (IJSTM) 
Volume 10, Issue 1, 2023 
 

Fig 11: Equivalent stress of AISI 1020 Steel  

 Fig 12: Equivalent stress of 1060 Al 

Total deformation, Bending forces, Equivalent 

strain, Equivalent stress, and deformation 

findings are shown in Table 2. 

Table 2: Analysis Results of sheet metal bending 

analysis 

 

Materi

als 

Calc

ulate

d 

Bend

ing 

Forc

es 

(N) 

Total 

Defor

matio

n mm 

Equi

valen

t 

Strai

n  

AISI 

1020 

STEEL 

1903.

59 
8.35 0.054 

1060Al

uminiu

m 

Alloy 

312.0

4 
3.84 0.026 

Duranic

kel 

Alloy 

2808.

63 
11.84 0.076 
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Fig 11: Equivalent stress of AISI 1020 Steel   

 

Total deformation, Bending forces, Equivalent 

strain, Equivalent stress, and deformation  

Table 2: Analysis Results of sheet metal bending 

Fig 13: Equivalent stress of Duranickel alloy

 

Fig 14: Comparison of bending 

Fig 15: Comparison of Total deformations
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0.005
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Duranickel alloy 

 

Comparison of bending forces 

Total deformations 

412.04

2000.63

1060Aluminium 
Alloy

Duranickel 
Alloy

Materials

Calculated Bending Forces (N)

5.01

12.23

Materials

Total Deformation mm
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Fig 16: Comparison of Equivalent Stress 

 

Fig 17: Comparison of Equivalent Strain 

 

 

V. Conclusion 

The transition zone variation criteria for V-shape 

bending are the main topic of this study for sheets 

and plates. Given a bending sheet, there are two 

distinct regions of deformation: one caused by 

punch loading and the other unaffected by punch 

loading. However, given our current understanding 

of bending sheets, we often overlook the fact that 

deformation areas cannot be changed into non-

deformation areas. In our opinion, there is no 

distortion in the non-deformation zone, but there is 

a significant amount of distortion in the 

deformation region's breadth direction. The focus 

of this research is the region that exists between the 

deformation zone and the non-deformation zone. In 

the transition zone, distortion takes place, and its 

value changes slowly and with very tiny values 

rather of being constant or fluctuating with large 

values. In this research, I use finite element 

analysis to investigate the transition zone of 

bending sheets and plates in terms of location, 

interval, and distortion value. The ANSYS Finite 

Element application is used to simulate the bending 

of thin sheets and plates. 

The sheet metal bending assembly's CAD model is 

made in Solidworks and then put into ANSYS 15 

for processing. For a variety of non-linear 

materials, including AISI 1020 steel, 1060 

aluminium alloy, and Duranickel alloy sheets, the 

bend test is utilized. The bending force of 1060 Al 

alloy is less than that of AISI 1020 Alloy and 

Duranickle Alloy. The equivalent stress of 1060 Al 

alloy is the lowest when compared to AISI 1020 

Alloy and Duranickle alloy. The analysis of the 

Duranickle alloy has been done, and the findings 

are shown above. Duranickle material is the best 

material in a comparison study because it has the 

most deformation and the most strain at low load. 
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