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Abstract: This dissertation explores the springback effect 

of Galvanized Iron board. Performance of galvanized 

Iron sheet metal is determined by sheet thickness, die 

angle, die opening, and punch radius. The parameters 

above are performed experimentally, and the S / N curve 

is plotted using Taguchi analysis to classify most affected 

parameters. The Regression-based mathematical models 

for springback prediction in the Galvanized Iron sheet 

bending process V-Die were developed. Sheet thickness, 

Die angle, Die opening, and Punch radius were 

considered input parameters, and springback and Bend 

force were considered output parameters for model 

creation. For Galvanized Iron sheets, various regression 

models were built based on experimental findings, 

including linear, linear-square, linear-interaction, and 

quadratic terms for the springback prediction. 

 

Keywords: Simulation of processes-GI steel – V-Die 

bending – Bend force – Springback. 

List of symbols 
t Thickness of sheet in mm 
Θ Die angle in degrees 
X Die opening in mm 
R Punch radius in mm 
Θs  Springback angle (θ1 − θ2) in degrees  
θ1 Bending angle before springback in (deg) 
θ2 Desired bending angle after 

springback (deg) 
Y Estimated value 
Βi Regression coefficient of i th 
βi j Regression coefficient of interaction of i th 

independent variable 
xi i th independent variable 

 
 
 

 

Introduction 

Automotive industries, to a great extend are dependent 

upon the manufacturing of automobile parts which is 

being used by thin metal sheet. The salient features of 

sheet metal items are low cost and   weight, smooth 

surface finish and best interchangeability. For past few 

decades several studies were conducted in order to get  

better idea in sheet metal bending,. Drawing Processes 

for sheet metal formation including bending, stretching 

and drawing are commonly used in industry. Sheet metal 

bending is an important process in method and 

manufacture of sheet metal formation. Spring back 

calculation is a most important problem for sheet metal 

manufacturing in determining a product's desired form. 

Springback refers to the difference in form between the 

configurations fully loaded and unloaded. The process 

selected for analyzation is V-Die bending due to its 

outstanding elasticity and lessening in bend power. In V-

Die bending, the appropriate angle is created on the piece 

of work by adjusting the punch depth that enters the die 

opening. Changing the size of the opening die often 

affects the amount of force needed for bending. When the 

die opening , there was a decrease in force for bending 

and vice versa. In the present investigation the sheet 

material of Galvanized Iron (GI) steel is used because of 

its own excellent formability.
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 The regression study is prepared  to examine and model 

the relation between a predictors and variable response. If 

the response variable is continuous it is a standard method 

for experimental data analysis.  Multiple linear Regression 

Analysis (MRA) is normally applied  for various forms of 

statistical analysis . It is also very supportive to implement  

the reports of multiple  experiments in terms of an 

empirical model, that is, a data-derived equation which 

expresses the relationship between the reaction and 

imperative design dependents[1]. A major problem in 

sheet bending technology is  to establish the quality 

springback  the simulation of the spring back for quality 

product and preference of different  bending angles. For 

past four decades a vast research work is done for 

phenomenon of bending. A mathematical model for plane 

strain sheet bending was defined by Wang et al.[2] 

developed the analytical method for calculation of  strain 

sheet bending to predict springback and the maximum 

bending force on punch and die. Hang et al.[3] performed 

an experimental investigation  on steel sheets and defined 

the effects on V-die bending processes of process variables 

such as die radius ,punch radius, , friction coefficient, 

normal anisotropy , punch speed strain hardening 

exponent, and so on. Gary[4] identified statistical 

variability in the springback of the material property. Kim 

et al.[5] suggested an empirical model for predicting 

springback, bend allowance simultaneously in the cycle of 

bending air. Bruni et al.[6] analyzed the impact of process 

parameters on the springback of AZ31 magnesium alloy 

namely temperature, punch speed and punch radius. Dongye 

Fei et al.[7] investigated the springback behavior of cold 

rolled plasticity-induced transformation steels (TRIP) in the 

air v- bending cycle. The creation of theoretical models for 

such processes is difficult due to the difficulty of sheet 

bending processes. Consequently, the theoretical models are 

replaced with empirical models obtained by experimental 

study. In addition, traditional springback prediction is by 

method of trial and error, and is costly and laborious. 

 Those are the reasons for developing a mathematical 

model using multiple regression analysis from the 

experimental data to predict springback in GI sheet V-Die 

bending phase. Four regression model structures are 

considered for this study, namely vector, vector-square, 

linear-interaction, and quadratic models. Variance Analysis 

(ANOVA) was conducted to test the validity of the proposed 

model. The analysis is described as follows, defining the 

parameter specification for carrying out the experiments, 

followed by a description of the regression models. The best 

sub-set, suggested, models are provided for springback, 

ANOVA, correlation, comparison, error analysis.

Usage of multiple tests of regression for Mathematical 

Modeling 

 
An array of different  mathematical forms can be used for 

springback analysis in the phase of the bending. Multiple 

regression analysis is one of those approaches and the process 

is also trouble-free. The input variables which are related to 

the flow model and thus the overall output of the process can 

be predicted. The connection among the input and response 

variables could be established by using statistical techniques to 

build a regression-based mathematical model. After forming 

the model, the values of the actual process variable are 

replaced with in the equation to guess the process reaction. 

 

Regression design and procedure 
 

Different models are being compared to locate the best match, 

and a good model has been preferred as it has higher adjusted 

R2. Every  mathematical models were also tested with F-test 

and R2 values for their accuracy. The higher F value and 

modified R2 squared value indicate that the recognized 

mathematical models are perfect and have agreeable fit. 

 

Assumptions made: 

 

1. Normal Distribution of Errors 

2. The average of the all errors are zero 

3. Errors are considered of constant variance 

4. The independence of model errors 

 
Design structures 

 

With multiple linear regression analysis, the fundamental 

relationship is written as 

 

 β0 + Xi + π- (1)  

 

In the above equation, Y is considered as   the 

dependent variable (predicted springback) β0 is the intercept 

estimator, are linear terms considered are β1, β2, and  βk , 

number of variables are denoted as k, Xi is the variable that is 

independent of ith, the random error is considered as π . 
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Specific linear Eq models. 1 For the approximate answer, the 
following can be written as: Y = (Y − ÿ). (2) You can express 
linear terms as Y = β0 +. (3) = 1 Linear-square terms as Y = β0 
+ some + some 2. (4) = 1 = 1 Terms of linear interaction are 
defined as Y = β0 + range + range. Square words have the form 
Y = β0 + range = 1 + range = 12 + range, where, β11, β22. The 
square words are βkk and β12, β13. βk−1, k are the symbols for 
interaction of the second order. 
 
Linear-square definitions are Y = β0 + some + some 2. (4) = 1 = 
1 Terms of linear interaction are defined as Y = β0 + range + 
range.Choosing of parameters and their levels. 

 

Based on the literature, four independent controllable 
predominant bending parameters that are having greater 
influences on the springback is chosen. They are thickness of 
the sheet (t), die angle (θ), die opening (x), Punch radius (r). In 
the V-Die bending process, the bend angle is determined by the 
punch travel. In the bending process there is a influence of 
punch in spring back of the bending process. The concentrated 
compressive stress is applied on one face and tensile stress is 
applied on the other face during the bending process.The width 
of the sheet is the affecting factor because the stress value 
affects the bend region. The key factor in developing a 
mathematical model is to obtain sufficient experimental data 
simulating the working environment in the laboratory. 

 

Developing and conducting experiments 

 

The regression analysis in the present investigation is intended 

to prepare the process of different models to forecast   the 

spring back, so that the credit for the spring back is being 

measured. The 4 variables which are considered as the input 

variables are regressed to find the determinant of the response 

variables. standard experimenting with one-factor-at-a-time 

approach is too confused and not comfortable to run. A huge 

number of experiments are conducted when the number of 

processes In addition, the equation built from MRA provides a 

more reliable approximation and is relatively easy to manage 

computationally. Since the adopted regression analysis 

technique employ collection of experimental data found on the 

orthogonal arrays, 18 experiments with four input variables 

were performed for GI sheet material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Four variables are used to carry out the experimental 

investigation with three level architecture of the experiment 

matrix and are described in Table 2. The architecture is 

balanced to measure the factor rates equally, and with a few 

runs to evaluate other factors. The effects of bending 

parameters on springback was analyzed using statistical 

analysis. Validation tests were increase of parameters to check 

the viability of the proposed models. Four parameters require a 

significant number of tests in the case of factorial design for three 

stages. The Taguchi technique uses a special design of orthogonal 

arrays to test the whole parameter space with only a small number 

of experiments to overcome this problem. Taguchi method is 

widely used for parameter level optimization. The Taguchi 

orthogonal array coupled with regression analysis is adapted in 

this research to predict the response within the range of 

experiments performed. For multiple regression analysis 

MINITAB Statistical Program (Version13) was used. 

 

Conducting experiments 

 

With a thickness of 0.75 and 1.5 mm, the GI sheets 

adopted for bending were mitigated into (80 amb20 mm) 

lengths. The sample models were obtained from rolled 

steel sheet and used in the condition as obtained. The 

tests were conducted on a UTM (Universal Computing 

Machine). The punch and corresponding die are prepared 

with reinforced steel. The Die was fixed on the UTM's 

fixed base. In the Universal Testing Machines movable 

head and the punch was located above the die. The punch 

center axis coincides with die. With special care, the 

sample was placed in the appropriate place over the die. 

The length of the punch is 90 mm. Before starting the 

experiments the dry condition environment was ensured. 

Gradually by applying the load, and proper depth was 

provided in order to buckle the surface. Figure 1 shows a 

graphic layout of the experimental system. The 

displacement in punch was witnessed respectively from 

UTM digital meter. The angle difference between the 

bends (θ1 − θ2), 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue V, May-2020

ISSN NO: 1781-7838

Page No:223



  

 
when the sample was subjected to load (θ1) and after 

removal of load (θ2) gives the spring back angle (θs). The 

above steps were repeated with different levels. There are 

two sets of experiments, one for fitting (Table 2) and other 

(Table 7) for validation to verify the effectiveness of the 

models. In order to formulate regression models for the 

prediction of springback, four process variables, namely, 

thickness of the sheet (t), die angle (θ), die opening (x), 

Punch radius (r) are considered and to verify the developed 

model, several experiments were conducted. 

Analysis Of The S/N Ratio 

Taguchi method stresses the importance of studying the 
response variation using the signal – to – noise (S/N) 
ratio, resulting in minimization of quality characteristic 
variation due to uncontrollable parameter. Optimization 
was considered as the quality characteristic with the 
concept of "the smaller-the-better". The S/N ratio for the 
smaller-the-better is: 

S/N = -10*log (mean square deviation) 

S/N = -10* log10 (sum (y**2)/n) 

Where n is the number of measurements in a 

trial/row, in this case, n=1 and y is the measured value in 

a run/row the radius. 
 

Table 1 Levels and values of parameters 
 

Si no Parameter/notations/units 
 

Parameter levels 

  
 1 2 3 

1 Thickness of the sheet (t) in mm 0.75 1.5 - 

2 Die angle (θ) in Degrees 60 90 120 

3 Die opening (x) in mm 24 32 40 

4 Punch radius (r) in mm 2 4 6 

 

 

S/N ratio values are calculated by taking into consideration 
of above equation. 

 

 
Mean of SN ratios VS springback 

From the above graph, the optimal process parameters 
have been established by analyzing response curves of S/N 
ratio. The most significant values for thickness of the  
sheet, die angle, die opening and punch radius are 0.75mm, 
60o, 40mm, 4mm respectively. 

Response Table for Signal to Noise Ratios (spring back) 

 

 
Hence the optimum condition of input parameter is 
A1B3C2D4. 

 

 
 

 

 

 
Level Thickness Die angle Die Punch 

of the sheet (Degrees) opening radius 

(mm)  (mm) (mm) 
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Response Table for Signal to Noise Ratios (Bend force) 

 

above optimum values the springback could be reduced in 

V-die bending process of Galvanized Iron sheet. 

 

Multi-Regression Model for Springback and Bend 

force 
 

 

 

 

 
From above table, it shows the factor level values of each 

factor and their ranking. According to their ranking, it 

indicates that the most significant process parameter for 

springback is given order is thickness of the sheet, die 

angle, die opening and punch 

 

 

Level Thickness Die angle Die Punch 

of the (Degrees) opening radius 

sheet (mm)  (mm) (mm) 

1 -7.754 -14.416 -14.024 -16.351 

2 -20.868 -14.300 -14,801 -15.225 

3 - -14.217 -14.108 -11.308 

Delta 13.118 0.198 0.777 5.043 

Rank 1 4 3 2 

 
 

From above table, it shows the factor level values of each 

factor and their ranking. According to their ranking, it 

indicates that the most significant process parameter for 

bend force is given order is thickness of the sheet, die 

angle, die opening and punch radius. Hence the optimum 

condition of input parameter is A1B4C3D2. BY using the 

Mean of S/N Ratio Vs Bend Force.From the above graph, 

the optimal process parameters have been established by 

analyzing response curves of S/N ratio. The most 

significant values for thickness of the sheet, die angle, die 

opening and punch radius are 1.5, 60o, 32mm, 2mm 

respectively. 

Comparison between linear interaction and quadratic 
models show that quadratic model is relatively closer to 

the response as the R2 value is higher. A Quadratic model 
regression model was selected as the only model ensuring 

a sufficient fit (R2 = 98.36%). It is evident that the 
quadratic model has better prediction than the others. 

Analysis of variance (ANOVA) of Quadratic model 

The calculated total sum of squares value is used to 

measure the relative influence (% contribution) of the 
factors. The larger the value of the sum of squares, the 

more influential is the factor for controlling the response. 

The results of ANOVA for significance of regression in 
multipleregressions for springback. The adequacy of the 

model was tested using the ANOVA technique. As 

calculated F is greater than the critical F, the null 
hypothesis is rejected and concluded that there is 

significant difference between regressions (parameters). 
As per this technique, the calculated value of the F ratio  

of the model developed does not exceed the standard 

tabulated value of F Ratio for a desired level  of 
confidence say 95 %. The springback has been mainly 

influenced by first order terms followed by interaction 

terms. 

     

1 -20.19 -19.34 -14.86 -16.42 

2 -14.08 -16.24 -18.09 -17.73 

3 - -15.83 -18.46 -17.27 

Delta 6.10 3.51 3.59 1.31 

Rank 1 3 2 4 
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Modeling of springback on V-Die bending process of GI sheet using multiple regression analysis 

 

Table 2 Design matrix of Test Values of parameters measured Bend 
 

Independent parameters S.No. t θ x r 
 

springback 
angle 

springback 
Force 

  (mm) (deg) (mm) (mm) (deg) (KN/m) 

 
 
1. 

 
0.75 

 
60 

 
24 

 
2 

 
12 

 
3.3845 

2. 0.75 60 32 4 15 2.2565 

3. 0.75 60 40 6 14 1.5695 

4. 0.75 90 24 2 5 3.7770 

5. 0.75 90 32 4 11 2.4050 

6. 0.75 90 40 6 15 1.6675 

7. 0.75 120 24 4 5 3.4825 

8. 0.75 120 32 6 9 2.5505 

9. 0.75 120 40 2 13 1.9130 

10. 1.5 60 24 6 4 7.6000 

11. 1.5 60 32 2 9 15.205 

12. 1.5 60 40 4 7 15.250 

13. 1.5 90 24 4 6 9.0745 

14. 1.5 90 32 6 5 9.2705 

15. 1.5 90 40 2 3 15.3035 

16. 1.5 120 24 6 4 5.2485 

17. 1.5 120 32 2 4 14.129 

18. 1.5 120 40 4 6 14.6165 

 

 

 

 
Multi Regression model for Springback 

 

 
 

S 

No. 
Model Regression models R2 % R2 (adj) % 

1. Linear 13.5 – 7.556t – 0.0556θ + 0.2292x +0.2083r 74.79% 67.03% 

 

2. 
Linear- 

square 

 

5.667 – 7.556t – 0.2556θ + 1.2292x + 
 

77.59% 

 

61.90% 

  0.708r + 0.00111θ2 – 0.0156x2 – 0.0625r2
 

  

3. Linear- 12.089 + 11.474t – 0.2978θ+ 0.802x – 3.724r+ 0.05tθ – 0.748tx 91.91% 80.35% 

 Interaction + 0.2049tr + 0.0025θx + 0.0269θr + 0.025rx   

     

4. Quadratic 3.74 + 17.9t – 0.552θ + 1.6292x – 2.1560r + 0.0014θ2- 0.0125x2
 98.36% 93.03% 

  – 0.4612r2 + 0.0353tθ – 0.9420tx +0.6166tr + 0.003θx + 0.0288θr   

  +0.00673xr   
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Multi regression model for Bend force 

 
 

 S.N

o. 
Model Regression models R2 % R2 (adj) % 

 

 
1. Linear – 15.122 – 24.9778t – 0.0189θ + 0.3771x – 2.1917r 90.93% 86.92% 

 

 
2. Linear-

square 
– 39.00 + 24.9778t – 0.1622θ + 1.8604x + 0.2075r + 0.008θ2 92.30% 86.92% 

 

   
– 0.232x2 – 0.533r2 

   

 3.  Linear- 16.59 + 10.0963t + 0.0677θ – 1.6544x + 0.1543r – 0.1033tθ 99.60% 99.03%  

  Interaction + 1.1768tx – 3.0640tr + 0.0023θx – 0.0079θr + 0.0863rx    

 
4. Quadratic 15.8776 + 12.8667t – 0.1540θ – 1.1030x + 0.0489r + 0.0013θ2 99.95% 99.77% 

 

   
– 0.0088x2 – 0.1573r2 – 0.1138tθ + 1.0947tx 

   

   – 2.7576tr + 0.0023θx – 0.0078θr + 0.1159xr    

 

 

From table, R2 and R 2 (adj) values for 
SPRINGBACK are almost similar, so the factors for 
SPRINGBACK can be operated to obtain the regression 
equation is correct.For bend force, R2 and R2 (adj) values 
are same, so the factors for spring back can be operated  
and regression equation is correct. 

There are four models linear, linear square,linear 
interaction and quadratic models are developed using the 

four input parameters and one output parameter. From 
these four models the quadratic model is the appropriate 

model in prediction of springback than other models. 

 

 

Modeling of springback on V-die bending process of Galvanized Iron steel sheet using multiple regression analysis 

Analysis of variance (ANOVA) results for springback 
 
 

S.No. Source DF Seq SS Adj SS Adj MS F Value Probability 

1. Regression 13 289.67 289.67 22.2824 18.46 0.006 

2. Linear 4 220.25 43.138 10.7844 8.93 0.028 

3. Square 3 8.250 19.000 6.3335 5.25 0.072 

4. Interaction 6 61.171 61.171 10.1951 8.44 0.029 

5. Residual Error 4 4.829 4.829 1.2073   

6. Total 17 294.50     
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Modeling of Bend force on V-die bending process of Galvanized Iron steel sheet using multiple regression analysis 
Analysis of variance (ANOVA) results for Bend force 

 

S.No. Source DF Seq SS Adj SS Adj MS F Value Probability 

1. Regression 13 2113.5 2113.5 162.579 579.96 0.000 

2. Linear 4 1922.8 9.35 2.336 8.33 0.032 

3. Square 3 29.06 7.30 2.435 8.69 0.032 

4. Interaction 6 161.63 161.63 26.938 96.10 0.000 

5. Residual Error 4 1.12 1.12 0.280   

6. Total 17 2114.6     

 

 

 
Regression Statistics for Springback 

 

 

Factors Coefficient SS of seq T ratio Probability (α) Conclusion 

t 17.9005 6.1215 2.924 0.043 Significant 

θ -0.5523 0.1347 -4.102 0.015 Significant 

X 1.6292 0.6759 2.411 0.074 Non-significant 

R -2.1560 2.0184 -1.068 0.346 Non-significant 

2 0.0014 0.0006 2.226 0.090 Non-significant 

2 -0.0125 0.0094 -1.331 0.254 Non-significant 

2 -0.4612 0.1502 -3.071 0.037 Significant 

tθ 0.0353 0.0313 1.129 0.322 Non-significant 

tx -0.9420 0.1513 -6.224 0.003 Significant 

tr 0.6166 0.6054 1.018 0.366 Non-significant 

θx 0.0030 0.0019 1.586 0.188 Non-significant 

θr 0.0288 0.0076 3.766 0.020 Significant 

xr 0.0673 0.0381 1.767 0.152 Non-significant 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue V, May-2020

ISSN NO: 1781-7838

Page No:228



  

 

Regression Statistics for Bend force 

Factors Coefficient SS of seq T ratio Probability (α) Conclusion 

t 12.8667 2.94975 4.362 0.012 Significant 

θ -0.1540 0.06488 -2.373 0.077 Non-Significant 

X -1.1030 0.32568 - 3.387 0.028 Significant 

R 0.0489 0.97260 0.050 0.962 Non-significant 

2 0.0013 0.00031 4.296 0.013 Significant 

2 -0.0088 0.00452 -1.954 0.122 Non-significant 

2 -0.1573 0.07236 -2.174 0.095 Non-Significant 

tθ -0.1138 0.01507 -7.550 0.002 Significant 

tx 1.0947 0.07293 15.011 0.000 Significant 

tr -2.7576 0.29171 -9.453 0.001 Significant 

θx 0.0023 0.00092 2.495 0.067 Non-significant 

θr -0.0078 0.00368 2.105 0.103 Significant 

xr 0.1159 0.01836 6.312 0.003 Significant 
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On the basis of the proposed model, the 

influences of process parameters on springback were 
analysed. The sheet thickness, die angle most important 

influences in springback prediction during v- die bending 

phase. Many major factors were the opening die and the 
punch size.  As t test likelihood values of the following 

springback parameters were significant; sheet thickness, 
die angle, die opening. 

 

Conclusion 

Galvanized Iron sheet springback and bend force 
analysis is performed by v-bending technique, and the four 
parameters are selected using Taguchi experimentation 
method with minimum number of experiments. L18 
orthogonal array was chosen, and the experiment design 
used factors with three rates. Blade thickness, Die angle, 
Die opening, Punch radius are taken as parameters for 
process control. From Taguchi study we have to infer that 
when the sheet thickness is 0.75 mm, die angle 60o, die 
opening 40 mm and punch radius 4 mm, springback may 
be reduced. 

The springback mathematical model was 
developed using MINITAB software, and four linear, 

linear square, linear interaction, and quadratic models were 

developed. It is found that, in springback prediction the 
results obtained from the quadratic model are more suitable 

than other models. 
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