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Abstract - The goal of this research is to create a method for calculating springback in sheet metal forming operations. Springback is 

the elastic recovery of a material after it has been deformed during forming operations. It is a major concern in the manufacturing 

business because it has an impact on the accuracy and dimensional integrity of formed parts. To estimate the springback behaviour of 

sheet metal components, the proposed method uses advanced numerical simulations and experimental validation. Material testing 

determines mechanical properties of sheet metal such as yield strength, elastic modulus, and hardening behaviour. These parameters are 

required for correct springback calculations. A finite element model of the forming process is created using specialised software to 

validate the output.  The model replicates sheet metal deformation and springback during the forming operation. Material behaviour is 

specified by the use of appropriate constitutive models. Post-processing techniques are used to calculate the amount of springback, 

which is commonly stated as the difference between the final and goal shapes. The suggested approach for calculating springback gives 

useful insights for process optimisation and tool design in sheet metal forming processes. The results are also validated by taking into 

account the properties of aluminium and the mathematical model developed. Manufacturers can modify tooling specifications, material 

qualities, or process conditions to minimise dimensional variances and improve the overall quality of produced components by properly 

forecasting springback. Sheet metal forming, finite element analysis, material characterization, experimental validation, and process 

optimisation are all examples of springback. 

Index Terms:- Springback, sheet metal forming, material characterization, experimental validation, process optimization. 

I. INTRODUCTION  

Spring-back is a typical phenomenon in sheet metal forming processes produced by the elastic redistribution of internal stresses when 

deforming forces are removed. Spring-back compensation is critical for precise sheet metal component geometry. As a result, the 

springback behaviour of press-formed components is influenced by parameters linked to the creation of stress in the material during the 

loading and unloading operations.. Quality and productivity are critical for industry competitiveness. In the automobile industry, for 

example, car frames must fulfil strength and aesthetic standards while also taking production costs and repeatability into account. 

Stamping methods have been used in sheet metal manufacturing to overcome these difficulties. However, springback, which refers to 

the form difference between completely loaded and empty configurations, reduces the efficacy of stamping. To correct for springback 

and retain the advantages of stamping, extensive tooling design efforts are required.  

Springback caused by simple bending has received a lot of attention. Schroeder [1] and Gardiner [2] completed two of the early works 

in the discipline. Schroeder suggested a method for statistically predicting the residual stress distribution and springback magnitude. He 

believed the workpiece was a thin beam, which might lead to erroneous conclusions if transverse stresses occurring during forming are 

neglected. Gardiner created a generalised mathematical approach for predicting springback. He anticipated that the workpiece's 

thickness and length would remain constant, and that the neutral axis would remain midway through the sheet. With the sheet metal's 

Young's modulus, yield strength, and thickness values known, a chart of starting bend radius (R ) vs final bend radius (r ) was created. 

This chart was used to determine the starting bend radius to which sheet metal must be bent in order to obtain the required ultimate bend 

radius or angle. 

This paper aims to derive the exact equation which can tell the exact springback effect while bending a sheet metal. The the process 

was then experimentally demonstrated i.e. mentioned in this paper.  
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II. LITERATURE SURVEY  

Name of paper Name of author /Year Outcomes 

 

 

 

MEASUREMENT OF      

SPRINGBACK 

 

 

 

 

 

W.D Carden, L.M Geng , 

D.K Matlock ,R.H Wagoner(2002) 

Springback, or the elastically induced change in shape of a 

component after forming, was studied in a tightly 

controlled laboratory environment similar to that of press-

forming operations. Three car body alloys were given 

constitutive equations emphasising low strain behaviour: 

drawing-quality silicon-killed steel, high-strength low-

alloy steel, and 6022-T4 aluminium. 

 

Factors Affecting on 

Springback in Sheet Metal 

Bending 

 

 

S B Chikalthankar, 

G. D. Belurkar, V. M. Nandedkar (2014) 

This study examines the many elements that influence 

spring back, such as punch angle, sheet metal material grain 

direction, die opening, die radius to sheet thickness ratio, 

sheet thickness, punch radius, punch height, coining force, 

strip pre bend condition, and so on.. 

 

 

Springback Prediction in 

Sheet Metal Forming, 

Based on Finite Element 

Analysis and Artificial 

Neural Network Approach 

 

 

 

 

Stefanos C. Spathopoulos and Georgios E. 

Stavroulakis (2020) 

Material characteristics, sheet thickness, forming tool 

shape, contact and friction, and so on all have an impact on 

springback. The current research introduces a unique neural 

network method for springback prediction in sheet metal 

forming operations. According to the authors' best 

knowledge, it is built on Bayesian regularised 

backpropagation networks that have not been evaluated in 

the literature. A properly constructed Finite Element model 

was built and validated for a test case utilised in comparable 

industry research in order to produce teaching examples. 

 

Improvement of 

Springback Prediction in 

Sheet Metal Forming 

 

Prof. dr. ir. A. de Boer ,Prof. dr. ir. D.J. 

Schipper ,Prof. dr. P. Hora,     Dr. R.M.J. 

van Damme , 

Dr. ir. E.H. Atzema (2008) 

 

The purpose of this thesis is to enhance numerical 

prediction of the springback phenomena in sheet metal 

forming. Modelling guidelines and improved numerical 

techniques are offered to better meet industry needs for 

accurate springback simulation. 

 

 

 

 

Determination of 

Springback in sheet metal 

forming  

 

 

 

 

Mohamed Faraj Alfaidi , 

Li Xiaoxing, (2009) 

When bending forces are released, springback causes the 

metal to partially return to its original form. Sheet metal 

forming necessitates a mastery of a wide variety of 

technical knowledge, industrial application standards, and 

the interaction of processes and material qualities. Three 

approaches have been frequently employed in dealing with 

the springback problem: analytical methods, experimental 

methods, and numerical methods. There are either wholly 

theoretical investigations or solely experimental analyses, 

or both.. 

 

 

 

SPRINGBACK CONTROL 

OF SHEET METAL AIR 

BENDING PROCESS 

 

 

 

 

 

Jyhwen Wang , Suhas Verma , Richard Al

exander , Jenn-Terng Gau 

(2008) 

This research describes a viable incremental bending 

system for controlling punch displacement and achieving 

more precise final bend angles. Workpiece characteristics 

are calculated using the suggested method based on 

measured loaded and unloaded bend angles. The predicted 

characteristics are used to calculate the final punch position 

needed to achieve the specified bend angle following 

springback. A variety of bending experiments were carried 

out. In a production scenario, it was discovered that the 

suggested technique can better forecast springback and 

efficiently reduce bend angle fluctuation. 

 

 

 

 

 

 

 

 



TIJER || ISSN 2349-9249 || © May 2023 Volume 10, Issue 5 || www.tijer.org 

TIJER2305242 TIJER - INTERNATIONAL RESEARCH JOURNAL  www.tijer.org 105 
 

 

 

 

Springback Factor = Beginning Angle / Ending Angle 

 

Springback Factor = [(2*Ir / Mt)+1] / [(2*Ar / Mt)+1] 

    Where,      Ir  = Initial radius 

       Ar = Actual radius 

       Mt = Material thickness 

 

Only problem with this equation is it does not have any relation with the 

material property which can play a big role in the springback . 

 

 

III. DERIVATION  

 

Formula to estimate springback 

 

Symbols and Abbreviations: 

 𝛔 = Stress induced                                                                          

 M = Bending Moment                                                   

 I = Moment of Inertia  

 I = W*t^3/12 

 Y = Distance from Neutral Axis  

 E = Young’s Modulus   

 R = Radius of Curvature 

 t = Thickness of Sheet 

 ∅ = Bend Angle  

 

 

 

We have, 

 
σ

𝑦
=

𝑀

𝐼
=

𝐸

𝑅
 

                                                                                   

                                                                              This is the Bending Equation 

 

Applying Bending Moment results in change of Radius of Curvature.         
𝑀

𝐼
=

𝐸

𝑅
 

 

Therefore, 

   

𝑀

𝐼 ∗ 𝐸
=
1
𝑅𝑖

−
1
𝑅𝑓

 

  
𝑀 ∗ 12

𝐸 ∗ 𝑡3 ∗𝑊
=
1
𝑅𝑖

−
1
𝑅𝑓

 

     

In this Z* is the region where elastic region ends and plastic limit starts  

 

For Rigid Plastic Region : 

 

Moment per unit Width (M/W) 

𝑀

𝑊
= 2 ∗ ∫𝜎 ∗ 𝑧 𝑑𝑧

𝑡
2

𝑍∗

 

 

 

=
𝜎 ∗ 𝑡2

4
− 𝜎 ∗ 𝑍∗2 

While transitioning from elastic to plastic region i.e. Z* Bending Strain= Yield Strain 

As 1/R is very small 
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𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑡𝑟𝑎𝑖𝑛 =  
𝑍

𝑅
 

 

𝑌𝑖𝑒𝑙𝑑 𝑆𝑡𝑟𝑎𝑖𝑛 =  
𝜎

𝐸
 

 

𝜎 =
𝑍 ∗ 𝐸

𝑅
 

 
Fig. 2 Transition Region  

 

For Elastic Region 

𝑀

𝑊
= 2 ∗ ∫

𝐸 ∗ 𝑍 ∗ 𝑍

𝑅
 𝑑𝑧

𝑍∗

0

 

(
𝑀

𝑊
)𝑛𝑒𝑡 = 2 ∗

𝐸 ∗ 𝑍∗3

3 ∗ 𝑅
+
𝜎 ∗ 𝑡2

4
− 𝜎 ∗ 𝑍∗2  

Substituting values 

  

(
𝑀

𝑊
) =

𝜎 ∗ 𝑡2

4
−
𝜎3 ∗ 𝑅𝑖

3

3 ∗ 𝐸3
 

 

 

1

𝑅𝑖

−
1

𝑅𝑓
=

12

𝐸 ∗ 𝑡3
∗ (  

𝜎 ∗ 𝑡2

4
−
𝜎3 ∗ 𝑅𝑖

2

3 ∗ 𝐸2
  ) 

 

1

Ri

−
1

Rf

=
3 ∗ σ

E ∗ t
−
4 ∗ σ3 ∗ Ri

2

E3 ∗ t3
 

 

 

Rf − Ri

Rf ∗ Ri

= −
3 ∗ σ

E ∗ t
+
4 ∗ σ3 ∗ Ri

2

E3 ∗ t3
 

 

 

Ri

Rf

− 1 = −Ri (
3 ∗ σ

E ∗ t
+
4 ∗ σ3 ∗ Ri

2

E3 ∗ t3
) 

 

 

Ri

Rf

= 1 + Ri (
−3 ∗ σ

E ∗ t
+
4 ∗ σ3 ∗ R2

E3 ∗ t3
) 

 

 

FROM THE ABOVE FIGURE 1 

Final angle () can be achieved from the above equation, which is the required parameter 

Ri

Rf

= 1 −
3 ∗ σ ∗ Ri

E ∗ t
+
4 ∗ σ3 ∗ Ri

3

E3 ∗ t3
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IV. EXPERIMENTAL VALIDATION 

 

 

Let us consider an aluminum sheet of following specifications  

𝑅𝑖 = 5𝑚𝑚  

𝑡 = 8 𝑚𝑚 

𝜎 = 138 𝑁/𝑚𝑚2 

𝐸 = 7 ∗ 1010 𝑁/𝑚𝑚2 

𝜃𝑓 = 90° 

𝑅𝑖

𝑅𝑓
= 1 −

3 ∗ 𝜎 ∗ 𝑅𝑖

𝐸 ∗ 𝑡
+
4 ∗ 𝜎3 ∗ 𝑅𝑖

3

𝐸3 ∗ 𝑡3
 

Using this equation we get, 

𝑅𝑓 = 5.15 𝑚𝑚 

Now, 

𝑅𝑖

𝑅𝑓
=
𝜃𝑓

𝜃𝑖
 

5

5.15
=
90

𝜃𝑖
 

Therefore, 

𝜃𝑖 = 92.7° 

Sheet should be bend by 92.7° in order to get a final angle of 90°  

 

V. CONCLUSIONS 

The springback effect was studied in actual practice and intensive and regressive literature review was carried out and derivation of a 

formula to calculate the springback effect in various sheets was successfully obtained which consists all the parameter that can affect 

springback., the proper angle for designing a fixture in order to compensate the springback effect was found out. In sheet metal forming 

operations, springback estimation is critical. Manufacturers can optimise their operations, improve tool design, and increase the 

dimensional integrity of formed parts by precisely estimating the elastic recovery of the material following deformation. To estimate 

springback behaviour, the proposed method combines advanced numerical simulations and experimental validation. Material testing, 

such as yield strength, elastic modulus, and hardening behaviour, gives critical inputs for accurate calculations. A finite element model 

simulates the forming process by simulating deformation and springback. By comparing the final shape to the goal shape, post-

processing algorithms assess the degree of springback. The established method gives useful insights for process optimisation and tool 

design, assisting manufacturers in reducing dimensional variances and producing high-quality formed components. 

The formula validation with practical value calculation was done in an aluminium sheet of the mentioned dimensions and the results 

was calculated and found out to be the same as it comes in real time sheet bending.  
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