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ABSTRACT 

 

This report deals with analytical experimental and analytical evaluation of bending for 

Mild steel. Analytical method has been used in sheet metal bending analysis due to its 

simplistic method as compared simulation. However, the reliability of the method needs 

to be evaluated against experimental in term of measurement result. Nowdays, many 

analytical analyses is used to investigate the springback in sheet metal. In 

manufacturing industries especially, analytical analysis is used in making and determine 

the accurate dimension of die and punch of a machine. The analytical analysis is the 

most economical method in determine the springback compared by using real test and 

any software such as Finite element analysis. This report is done by using analytical 

analysis of springback using a material of mild steel AISI 1010 on V-bending process 

and also an experiment of V-bending. The experiment is conducted using 2 mm and 

3mm thickness. The springback of mild steel AISI 1010 sheet was investigated using 

previous study of analytical analysis by Daw Kwei Leu. The effects of the normal 

anisotropy value R and the strain hardening exponent n on V bending of mild steel AISI 

1010 have been studied. Eighteen specimens have been used in tensile test in determine 

the mechanical properties to be used in analytical analysis. An experiment of eighteen 

specimens of mild steel sheet were conducted in this experiment and the result were 

taken. The results of the experiment were compared with analytical analysis to validate 

the analytical method used. The result of the report show that the analytical method 

used is applicable but still need improvement and the normal anisotropy R and strain 

hardening exponent have affected the springback deformation. 
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ABSTRAK 

 

Laporan ini berkaitan dengan penilaian analisis eksperimen dan analisis lenturan bagi 

keluli lembut. Kaedah analitikal analisis digunakan dalam analisis kepingan logam 

lentur kerana sangat mudah jika dibandingkan dengan kaedah lain. Walau 

bagaimanapun, kebolehpercayaan kaedah yang digunakan perlu dinilai menggunakan 

keputusan dari eksperimen . Pada zaman sekarang, banyak analitikal analisis digunakan 

untuk menyiasat sudut balas dalam kepingan logam. Kebanyakkan industri, terutamanya 

industry pembuatan menggunakan analitikal analysis dalam membuat dan menentukan 

dimensi yang tepat acuan dan penebuk pada mesin. Analisis analitikal adalah kaedah 

yang paling menjimatkan dalam menentukan sudut balas berbanding dengan 

menggunakan ujian atas bahan dan mana-mana perisian seperti FEM. Laporan ini 

dijalankan dengan analitikal analisis terhadap satu bahan iaitu keluli lembut pada proses 

pembengkokkan bentuk V dan juga ujian sebenar. Analisis dan ujian dijalankan 

terhadap dua ketebalan yang berbeza, 2mm dan 3mm. Dalam menentukan sudut balas 

dalam analitikal analisis,  kaedah daripada Daw Kwei Leu telah digunakn. Dalam 

laporan ini, focus terletak pada kesan anisotrpi, R dan penegreasan terikan, n terhadap 

sudut balas pada proses lentur V.  Lapan belas sampel telah digunakan dalam ujian 

tegangan untuk menentukan sifat bahan yang akan digunakan dalam analitikal analisis.  

Lapan belas sampel juga digunakan dalam ujian sebenar dan keputusan daripada ujian 

akan dibandingkan dengan keputusan analitikal analysis untuk menguji ketepatan 

analitikal analysis yang digunakan. Dalam laporan ini, keputusan menunjukkan 

analitikal analisis yang digunakan dalam menentukan sudut balas boleh digunakan 

tetapi masih memerlukan pengubahsuain dan anisotropi R dan terikan pengerasan,n 

memberi kesan terhadap sudutbalas. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 INTRODUCTION 

 

This report subjected to the analytical analysis method and also the experimental 

result of the V bending process of mild steel AISI 1010 sheet metal in determination the 

springback ratio in the process. Analytical method has been used in sheet metal bending 

analysis due to its simplistic method as compared to finite element methods. However, 

the reliability of the method needs to be evaluated against experimental in term of 

measurement result. The student are expected to perform the experimental of the V 

bending process and also analytical analysis method in comparing the result in 

determination the bending angle and springback ratio of the V bending process. 

Bending has been widely used in modern industries to produce many structural 

parts such as brackets, channel and frames. The understanding and development of 

bending mechanics are very important for industrial production. Analytical analysis of 

V bending has been developed many years. There are many studies of analytical method 

for V bending in determination of the springback ratio by using different assumption.  

 

1.2 PROBLEM STATEMENT 

  

Bending of the sheet metal is the common manufacturing process in industry. 

(Volkan et al, 2001) have state that the elastic recovery occur during bending process, 

called springback is still a practical problem to predict the final geometry of the part and 

also in designing the appropriate tooling in order to compensate for springback. 

Predicting the springback for die design and compensation is important in obtain the 
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high dimension accuracy of bending parts.Springback is generally defined as the 

additional deformation of a structural component, after removing the forming load 

(Dongye & Peter, 2006).  

 

1.3 PROJECT OBJECTIVES 

 

The objectives of the study are: 

1. To determine the reliability of analytical analysis method in sheet metal 

bending analysis of mild steel AISI 1010. 

2. To determine the factor effecting the springback on V bending process. 

3. To determine the springback for mild steel AISI 1010 in experimental and 

analytical analysis method 

 

1.4 PROJECT SCOPES 

 

The focus area will be done based on the following aspect: 

1. To conduct literature review of previous studied in the analytical analysis 

of sheet metal and springback deformation. 

2. To conduct Tensile test in determine the mechanical properties of mild 

steel AISI 1010. 

3. To conduct V bending test of mild steel AISI 1010 sheet metal  

4. To conduct analytical analysis method of mild steel AISI 1010 in bending 

process. 

 

 



 

 

 

CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 INTRODUCTION 

 

This chapter will discuss about the types of bending and material. It also discuss 

about meaning of springback, yield point and ultimate tensile strength. Bending, 

springback and related equations are among the interested terms in this chapter. The 

source from literature review is from journals, articles and books. Literature review is 

done to provide information about previous research and that can help to smoothly run 

this project. 

 

2.2 THEORY OF SHEET METAL BENDING 

The sheet metal bending is a common metal forming process of sheet metal 

which is the sheet metal blank is bent using tools comprising one or more pairs of 

punches and dies (Satyandra and Deepak, 2002). The sheet metals are subjected to load 

or force until stressed reach or beyond the yield point and before the ultimate tensile 

strength (Olaf, 2002). The failure of bending process are usually because of the less 

ductile of the metal, high strength and lack of dimensional control in terms of 

springback and thinning. In bending process, the adjacent sheet deformed cause of the 

curved the line of bending may lead to splitting or buckling.  

In bending forming, there is one boundary of metal stretched and the opposite 

one shrunk. In the middle of the bending point, there is an imaginary axis known as 

neutral axis. Neutral axis is the axis on the metal in bending process that is not 

experience shrunk or stretched.  
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In bending, as in forming, the size of the bend radius is of great importance. 

Often a drawing may call for a sharp-corner bend, which put down without realizing 

that such bends are virtually impossible to obtain. After all, if sheet metal were forced 

into such a bending extreme, it would be cut. The existence of some corner radius is 

absolutely necessary, and the greater in size, the easier the bending process is, up to 

certain limits in its size (Marciniak et al,2002). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Neutral axis of bending operation (Stress gradients in titanium 

nitride thin films)  

Source: Machunze , Janssen(2008) 
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2.3 PARAMETERS OF BENDING 

 

 

 

Figure 2.2: Parameters of Bending 

Source : Olaf(2002) 

  

1. Bend Allowance – The length of the arc through the bend area at the neutral 

axis. 

2.  Bend Angle – The included angle of the arc formed by the bending operation. 

3. Bend Compensation – The amount by which the material is stretched or 

compressed by the bending operation. All stretch or compression is assumed to 

occur in the bend area. 

4. Bend Lines – The straight lines on the inside and outside surfaces of the 

material    where the flange boundary meets the bend area. 

5. Inside Bend Radius – The radius of the arc on the inside surface of the bend 

area. 

6. K-factor  – Defines the location of the neutral axis. It is measured as the 

distance from the inside of the material to the neutral axis divided by the 

material thickness. 

7. Mold Lines – For bends of less than 180 degrees, the mold lines are the straight 

lines where the      surfaces of the flange bounding the bend area intersect. This 

occurs on both the inside and outside surfaces of the bend. 
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8. Neutral Axis – Looking at the cross section of the bend, the neutral axis is the 

theoretical location at which the material is neither compressed nor stretched. 

9. Set Back - For bends of less than 180 degrees, the set back is the distance from 

the bend lines to    the mold line (Boljanovic, 2004). 

 

2.4 TYPES OF BENDING 

 

There are three principles types of bending. The principles have the difference 

based on the die shape and also different purposed. 

 

2.4.1 AIR BENDING 

 

 

 

 

 

 

 

 

 

 

The air bending process is operated with the punch touches the work piece and 

the work piece does nit bottom in the lower cavity. When the punch is released, the 

work piece will have some deformation called spring back. For the air bending process, 

the amount of the springback depends on the material used, thickness, grain and 

temperature. In air bending, to obtain the different bending angle are not required to 

change any equipment or dies because the bending angles are determine by the punch 

stroke (Ivana, 2005). 

 

 

 

 

 

Figure 2.3: Air bending operation  

 

Source : Olaf(2002) 
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2.4.2 BOTTOMING 

 

 

 

 

 

 

 

 

Bottoming is a bending process where operate with the punch and the work 

piece bottom on the die. The advantages compared to air bending are the bottoming will 

reduce the springback on the bending process and also the required tonnage is less than 

air bending. The springback that deform in the bottom bending is reduced by setting the 

final position of the punch such that the clearance between the punch and die surface is 

less than the blank thickness (Ivana, 2005). 

 

2.4.3 COINING  

 

 

 

 

 

Coining bending process is operated with the punch and the work piece bottom 

on the die and compressive stresses is applied to the bending region to increase the 

amount of plastic deformation. This method will reduce the amount of the spring back 

which is thinner radius of the work piece should up to 0.75 of the material 

thickness(Olaf,2002). 

Figure 2.4  : Bottoming bending operation 

 

Source: Olaf(2002) 
 

Figure 2.5 : Coining bending operation 

 

Source: Olaf (2002) 
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2.4.4 V BENDING 

 

V bending of sheet metal is the simplest and most versatile of bending process. 

In V bending, there are three point bending process and there is no bottoming.  

 

 

 

 

As shown in the figures, the clearance between punch and die is equal to the 

thickness of sheet blank. The thickness of the sheet ranges from approximately 0.5mm 

to 25mm (Olaf,2002). In V bending process, there are many variables or parameters that 

capable of rendering such optimistic expectations wrong. There is the material thickness 

to compensate for, the speed of the operation, the method of edges cut off and the 

resulting development of cracks, the radius of the punch, breakage of tooling, and other 

agents of influence.(Ivana, 2005). Figure 2.7 shows the detail formation of V bending 

process with the parameters. 

 

 

 

 

 

 

Figure  2.6  : V bending set 

Source : Bakshi et al(2008) 

Figure 2.7: Details drawing of V bending 

Source : Marciniak et al,(2002) 
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In the initial stages, the curvature of the sheet at the nose of the punch will be 

less than the nose radius, as shown in Figure 2.7. The curvature is given by the point B 

in the bending line construction shown. As the bending progresses, the punch force will 

increase and the curvature at the point of contact increase until it just matches the punch 

curvature. On further bending, the point of contact with the punch will move away from 

the nose to some point B as shown in Figure 2.8. Consider only a frictionless condition, 

so that the force is normal to the tool at the point of contact. It is seen that there is a 

difference between the line of action of the force exerted by the die at point A and that 

through the point of contact B with the punch. These forces converge as shown, and by 

symmetry, their resultant must be horizontal the force H. As the moment arm of the 

force bending the sheet at the centre-line B’ is greater than that at the punch contact B, 

the curvature at B’ must be greater than at B, and there will be a gap between the sheet 

and the punch at B’(Z. Marciniak et al,2002). 

 

 

 

 

Figure 2.8  : Details drawing of V bending. 

Soucre : Marciniak et al(2002) 
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2.4.5 U BENDING 

 

U bending is operated when two parallel bending axes are produced in the same 

operation. A backing pad is used to force the sheet contacting with the punch bottom. It 

requires about 30% of the bending force for the pad to press the sheet contacting the 

punch (Ivana, 2005). 

 

 

 

 

2.4.6 WIPING DIE BENDING( L BENDING) AND DOUBLE DIE BENDING 

 

 

 

 

 

 

 

The Wiping die bending or Flanging is operated with one edge of the sheet is 

bent to 90
o
 while the other end is restrained by the material itself and by force of the 

blank holder and pad. The double die bending is operated when two wiping acting on 

Figure 2.9 : U bending set 

Source : Bakshi et al(2008) 

Figure 2.10 : Neutral axis of bending operation 

Source : Olaf(2002) 
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the work piece one after another. The operation  are closely similar with the Wiping die 

bending but the bending can enhanced strain hardening to reduce springback 

deformation compare to Wiping die bending(Ivana, 2005). 

 

2.4.7 ROTARY BENDING 

 

 

 

 

 

 

 

The rotary bending is operating using a rocker instead of the punch.  As shown 

in the figure, the rotary bending needs no blank holder can produce more than 90degree 

bending angle. The advantages compare with the other type of bending are the rotary 

bending required less force and compensates for springback by over bending the 

material (Ivana, 2005). 

 

2.5 SPRINGBACK 

 

Springback is an important and decisive parameter in obtaining the desired 

geometry of the part and design of the corresponding tooling. In manufacturing 

industry, it is still a practical problem to predict the final geometry of the part after 

springback and to design appropriate tooling in order to compensate for springback. 

(Volkan , 2001). Springback is generally defined as the additional deformation of a 

structural component after the removal of forming loads or force (Dongye and Peter, 

2006).In the bending process, after release of the load by withdrawal of the punch, an 

elastic recovery occurs because of the release of the elastic stresses. This elastic 

recovery is called springback. Springback denotes the elastic recovery of press-formed 

parts. It is caused by relief of the resultant moment and resultant force retained in the 

material directly after press forming (T.Kuwabra,2006). 

Figure 2.11: Rotary bending operation 

Source : Olaf(2002) 
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The figure shows the air V bending test that conducted to measure the deformation of 

springback. The springback angle is measured by the difference between the bending 

angle θ, and unbending angle θ` (Dongye and Peter, 2006). 

 

∆θ = θ` – θ    (2.1) 

 

The researchers agree there are main variables that influence springback 

deformation in bending process. The variables are geometry, manufacturing process and 

blank material. Because of the extensive applications of high strength steels, the 

significance of springback related problems has increased. Accordingly, factors which 

affect the generation of stress in the material during loading and unloading influence the 

springback behaviour of press formed parts. These factors include the stretching forces 

applied to the material, the coefficient of friction at the material/die interfaces, the tool 

temperature, the elastic deflection of the die, the deformation history of the material, the 

work hardening characteristics, and the Bauschinger effect of the material 

(T.Kuwabara,2006 ). 

 

 

 

Figure 2.12: Illustration of springback in V bending 

 

Source : Dongye and Peter(2006) 
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2.6 ANALYTICAL ANALYSIS METHOD 

 

Analytical analysis method have been developed in bending experiment for 

analyzing part of two dimensional or simple three dimensional geometry.[s.w.lee]. in 

many research, they used the several assumption of the material and mechanical 

properties to predicting the springback deformation in sheet metal bending.  

Many research conducted recently have shown the importance of spring back in 

sheet metal industry, and studied how this permanent physical variation can be avoided. 

One common point of all these research is that they have dwelled on estimating or 

determining the amount of spring back in advance, and accordingly, designing and later 

manufacturing dies based on this spring back amount. That is why some mathematical 

models are developed to predict the spring back. 

Dongye Fei and Peter Hodgson have developed an experimental and numerical 

study of springback in air v –bending process for cold rolled TRIP steels. In the studies, 

they carried out that various thickness and geometric parameters of the TRIP steels may 

affect springback deformation on bending test. They are also investigated that the 

change of Young Modulus due plastic deformation and the influence of friction 

coefficient on springback are affecting the accuracy of V bending process. For 

measuring the springback of the V bending, theoretical they calculated by used the 

equation: 

    

∆𝜃

𝜃
=

3𝐾𝜌(1−𝑣
2)

(1+4𝑡 𝑤⁄ )

𝐸𝑡
    (2.2) 

 

Where K is the ultimate tensile strength, ρ the position of the neutral axial, υ the 

Poisson’s ratio, w the die gap, E the Young’s modulus and t is the thickness.(Dongye 

&Peter, 2006). 

Daw Kei Leu studied a simplified approach for evaluating bendability and 

springback in plastic bending of anisotropic sheet metals. Daw Kei Leu have developed 

a simple approach to estimate springback, bendability and maximum bending moment 

based on the effect of the normal anisotropic value R and the strain hardening  exponent 

n on the pure bending. Daw Kei Leu have made the comparison between analytical 
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method with the experimental result in determine the springback ratio. In order to 

determine the springback ratio, Daw have used equation below in analytical method 

 

∆θ

θ
=  

UTS

e−nnn
 ×  (

1+R

√1+2R
)
1+n 3(1−v2)

2E(1+n)
(
t

2ρ
)
n−1

  (2.3) 

 

 Where ρ is the neutral axis of sheet metal, UTS is the ultimate tensile strength of 

the material, n the strain hardening exponent, R the normal anisotropic value, E is 

ypung modulus and t is the thickness of the sheet metal. With the new approach 

analytical method, Daw used to compare the springback result with the experimental 

result. The outcomes of Daw studied says that the increase of R value will improve the 

bendability in bending process and the springback ratio will be greater for materials 

with the increasing R values and smaller Exponent hardening values, n(Daw,1995).  

In the other studied by Daw, he also proposed a simple model for predicting the 

springback and bendability. He also considered the normal anisotropy and strain-

hardening exponent in his model. However, the effective stress is considered to be 

constant throughout the bending. His prediction showed that with increase in normal 

anisotropy the springback increases but did not give any reason (Daw,1997). 

 Zhang Dong Juan, Cui Zhan Shan, Chen Zhi Ying and Ruan Xue yu have 

studied an analytical model for predicting sheet springback after V bending. There have 

study the effect of contact pressure, the length of bending arm between punch and die, 

transverse stress, neutral surface shifting and sheet thickness in springback. There are 

used to compare the analytical result with the Finite Element Result. The outcomes of 

their study say that the shorter of the arm length and the larger contact pressure in V 

bending process will result larger springback ratio of the process (Zhang et al, 2006). 

Ozgur Tekalsan, Nedim Gerger and Ulvi Seker have studied the determination 

springback of stainless steel sheet metal in V bending die. There have studied the effect 

of various material and process parameters on the springback deformation in V bending 

process. There are also used to compare the springback deformation in four different V 

bending methods used. In the first experiment, punch was not thoroughly set to the 

bottom of the die, second experiment, a gap equal to the material thickness is left 

between the die and the punch, but this time the punch was not held on the sheet, In the 

third experiment, the punch was lowered completely to the bottom of the die and In the 
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fourth experiment, the sheet metal thickness was neglected again to make punch and die 

contact possible, and the punch was not held on the sheet material. the outcomes of their 

studied says that method one and two can be use in determination of the springback 

ratio v bending process and method third and fourth cannot used in determination the 

springback ratio due to the smaller deformation of springback angle. There also made 

the conclusion as the holding punch longer and decrease the thickness and bending 

angle in v bending process will decrease the springback value ( Ozgur et al,2007). 

 Rahul K. Verma and A. Haldar have investigated the effect of normal anisotropy 

on springback in bending process. There are used to compare the analytical method 

result with the Finite Element Analysis on springback value. They have concluded that 

the anisotropy is the parameters that have to consider in determination of the sprinback. 

The higher of anisotropy will result higher springback value in bending process (Rahul 

& Haldar,2007). 

Osman, Shazly Mokaddem and Wifi have studied the springback prediction in V 

bending Process. They are developed the theoretical model for air bending process and 

V bending die experiment. They used to compare the developed mathematical 

expression with the result from the finite element. A theoretical model for air bending 

have been developed using the true strain and neutral position that satisfy of the radial 

stresses. In V bending, the semiempirical formula for predicting springback ratio has 

been developedby using correlation analysis (Osman et al, 2010). 

Weinmann and Shippell described results of an experimental investigation into 

the V-die bending of hot-rolled, high-strength, low alloy steel sheet. Both the maximum 

air bending force and the elastic unloading state in coining were assessed as a function 

of the punch radius, the die width and the sheet thickness. Elasto-plastic incremental 

finite-element calculation was carried out to analyze the plane strain V-bending process 

without friction, and to explore the phenomena of springback and spring forward 

(Weinmann & Shippell,1978). 

 Karafillis and Boyce studied tooling design in sheet metal-forming 

compensating for springback and developed a called force descriptor algorithm based 

on calculating the traction distributions on the deformed sheet in order to optimise the 

tool design. They also examined the manufacturing problems in sheet metal-forming 

processes and proposed a method for tooling and binder design to obtain the desired 

part shape (Kara & Boyce,1992). 
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C.Wang, G.Kinzel, and T.Altan  was established a mathematical solution for 

plane-strain bending of sheet and plate. Using their model they predicted that bending 

moment and, therefore, the springback increases with increase in strength, strain-

hardening and normal anisotropy. They used Hill’s (1979) non-quadratic yield criteria 

but did not consider the radial stress and, therefore, their model may not be suitable for 

thick sheets or in severe bending condition (Wang et al,1993). 

 

2.7 STRESS AND STRAIN IN METALS 

 

Stress and strain are most important properties of the bending process need to be 

considered. The determination of the stress strain of the material can be measure by 

using tensile test. The study of the stress strain curve of the material in sheet bending is 

to determine the mechanical properties of the material that will applied on the analytical 

analysis of springback. 

 

2.7.1 ENGINEERING STRESS  

 

Stress is defined as force per unit area.  The load applied to aspecimen in a 

tension or compression test divided by the cross sectional area of the specimen. The 

change in cross sectional area that occurs with increases and decreases in applied load, 

is disregarded in computing engineering stress.( Ivana Suchy,2005) 

 

Engineering stress, σeng = 
𝐹

𝐴0
    (2.4) 

 

 

2.7.2 ENGINEERING STRAIN 

 

Strain is defined as the amount of deformation an object experiences compared 

to its original size and shape. Strain can be defined as the ratio of the change in length 

of the sample in the direction of the force divided by the original length of the sample 

(Ivana Suchy,2005). 
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Engineering strain = 
∆𝑙

𝑙
    (2.5) 

 

2.7.3 STRESS STRAIN CURVE 

 

The stress strain curve shown below is resulted from a tensile test experimental. 

The stress strain diagram is showing the details data of the elastic and plastic region of a 

material. The diagram also shows the point of the yield tensile strength and the ultimate 

tensile strength. 

 

 

 

 

 

 

 

2.7.4 YIELD TENSILE STRENGTH 

 

The yield strength can be defined as the stress at which a predetermined amount 

of permanent deformation occurs. In stress strain diagram, yield strength is noted as a 

point between plastic region and elastic region of the material. Which mean the yield 

point is that point when a material subjected to a load, tensile or compression gives and 

will no longer return to its original length or shape when the load is removed (Karl and 

Erik K., 2008). 

Figure 2.13 : Stress strain curve for CK67 sheet steel metal 

 

Source : Bakshi et al (2008). 
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2.7.5 ULTIMATE TENSILE STRENGTH 

 

The ultimate tensile test is defined as the maximum strength of a material 

withstand when subjected to an applied load or force. In the diagram, the Ultimate 

Tensile test is noted at the edge of the curve. It is mean, if the material is applied force 

or load beyond the ultimate tensile strength, the material will cracking or necking 

depend on the ductility of the material (Karl and Erik K., 2008). 

 

2.8 MATERIAL  

 

2.8.1 MILD STEEL 

 

Mild steel is a type of steel alloy, which contains a high amount of carbon as a 

major constituent. An alloy is a mixture of metals and non-metals, designed to have 

specific properties. Alloys make it possible to compensate for the shortcomings of a 

pure metal by adding other elements. Steel is any alloy of iron, consisting of 0.2% to 

2.1% of carbon, as a hardening agent. Besides carbon, there are many metal elements 

that are a part of steel alloys. The elements other than iron and carbon, used in steel are 

chromium, manganese, tungsten and vanadium. All these elements along with carbon, 

act as hardening agents. That is, they prevent dislocations from occurring inside the iron 

crystals and prevent the lattice layers from sliding past each other. This is what makes 

steel harder than iron. Varying the amounts of these hardening agents creates different 

grades of steel. The ductility, hardness and mild steel tensile strength are a function of 

the amount of carbon and other hardening agents, present in the alloy. The amount of 

carbon is a deciding factor, which decides hardness of the steel alloy. A steel alloy with 

a high carbon content is mild steel, which is in fact, much harder and stronger than iron. 

Though, increased carbon content increases the hardness of the steel alloy, it causes a 

decrease in its ductility (Cotterill & Rodney, 2008). 
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2.8.2 ALUMINIUM ALLOY 

 

Aluminium alloys are alloys in which aluminium is the predominant metal. The 

typical alloying elements are copper, magnesium, manganese, silicon, and zinc. There 

are two principal classifications, namely casting alloys and wrought alloys, both of 

which are further subdivided into the categories heat-treatable and non-heat-treatable. 

About 85% of aluminium is used for wrought products, for example rolled plate, foils 

and extrusions. Cast aluminium alloys yield cost effective products due to the low 

melting point, although they generally have lower tensile strengths than wrought alloys. 

The most important cast aluminium alloy system is Al-Si, where the high levels of 

silicon (4.0% to 13%) contribute to give good casting characteristics. Aluminium alloys 

are widely used in engineering structures and components where light weight or 

corrosion resistance is required (Cotterill & Rodney, 2008). 

 

2.8.3 STAINLESS STEEL 

 

In metallurgy stainless steel, also known as inox steel or inox from French 

"inoxydable", is defined as a steel alloy with a minimum of 10.5 or 11% chromium 

content by mass. Stainless steel does not stain, corrode, or rust as easily as ordinary 

steel, but it is not stain-proof. It is also called corrosion-resistant steel or CRES when 

the alloy type and grade are not detailed, particularly in the aviation industry. There are 

different grades and surface finishes of stainless steel to suit the environment to which 

the material will be subjected in its lifetime. Stainless steel is used where both the 

properties of steel and resistance to corrosion are required. .Stainless steel differs from 

carbon steel by the amount of chromium present. Carbon steel rusts when exposed to air 

and moisture. This iron oxide film (the rust) is active and accelerates corrosion by 

forming more iron oxide. Stainless steels contain sufficient chromium to form a passive 

film of chromium oxide, which prevents further surface corrosion and blocks corrosion 

from spreading into the metal's internal structure (Cotterill & Rodney, 2008). 
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http://en.wikipedia.org/wiki/Tensile_strength
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CHAPTER 3 

 

 

METHODOLOGY 

 

 

3.1 INTRODUCTION 

 

Methodology of this project is referring from chapter 2 as the guidelines. This 

chapter will discuss about process flow of the project from beginning until the project is 

done. This chapter also will discuss and give the overview of each process involve in 

this project.. This chapter also will explain about the procedures and parameters. All the 

process and analysing of the V-bending model are stated. 

The flow chart will be guideline in this project. The flow chart showing each of 

the process in this project and also the flow of the project until the project is done. All 

the step showing in the flow chart is the process that must include in the project and the 

project will be finish after all the procedure in flow chart and process are done.  

 

 

 

 

 

 

 

 

 

 

 

 

 



21 
 

3.2  PROJECT FLOW CHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart shows the flow of the project from start until project finish. The project is 

started with tensile test to determine the mechanical properties to use in analytical 

analysis. The springback value measured by using selected analytical analysis method. 

The project also consist with experimental work which is the bending process by using 
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press brake machine and using 3D scanner to determine the springback value for 

experimental. The results from experimental and analytical analysis are compared in 

springback value. The details of the methodology are discussed at next topic. 

 

3.3 TENSILE TEST 

 

3.3.1 Introduction 

Tensile test is the commonly used to evaluate the properties of a material. A 

tensile test is developed to evaluate the strength of metals and alloys. The tensile test 

is operate with a sample metal is pulled to failure in a relatively short time at a 

constant rate. After the sample metal are pulled until reach the yield point of the 

metal, the metal will start to have necking deformation. The necking deformation 

will go until the forces attached reach the Ultimate tensile strength of the material.  

 

3.3.2 Objectives 

In this project, tensile test is used to determine the material and mechanical 

properties of the Mild Steel. The required data of the mild steel from the test are 

hardening exponent (n), Anisotropy(R), Ultimate Tensile Test (UTS), Young 

Modulus (E), Poison Ratio (v) and also the strain hardening characteristic of the 

mild steel. The data from tensile test will be used in analytical analysis. 

 

3.3.3 Specimens Specification  

In this experiment, the tensile test specimen is prepared by following American 

Society for Testing and Material (ASTM ) E8/E8M standard test methods for tension 

testing of metallic materials. These standard are cover the tensile testing of metallic in 

any form at room temperature, specifically, the method of determination of yield 

strength, yield point elongation tensile strength, elongation and reduction of area. The 

dimension of the specimen is following the sheet type specimen given in the table3.1. 
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Source : Annual Book of ASTM Standard , Vol 03.01 

Refers to the ASTM standard, the specimen are cutting and shaping by 

machining process. The experiment are using CNC machine for specimen cutting 

process. In using CNC Machine, the model of the specimen is draw in the Master cam 

software which is followed the dimension given in ASTM standard. 

 For tensile test, two different thickness of mild steel AISI 1010  have been used, 

2mm and 3mm. each of the thickness is cut in three different orientation angle and each 

of the orientation angles have 3 speciemens. Table 3.2 shown the total specimens in this 

project 

 

 

 

 

 

 Figure 3.1 and Table 3.1 :  Diagram and table of standard specimen dimension  

for tensile test. 
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Specimen 

Thickness 

(mm) 

No. of Specimen 

0° 45° 90° Total 

Specimen 

2.0 3 3 3 9 

3.0 3 3 3 9 

 

In preparing the specimen, there are several processes that must been through. The 

processes are: 

1) Cutting process Raw material 

2) Drawing the specimen in Master Cam Software 

3) Cutting process by using CNC Machine  

 

3.3.3.1 Cutting Raw Material 

Shear cutting machine is used to cut the raw material of the specimen to the 

more suitable square shape. The specimen is cutting in three different angles, 0
o
, 45

o
, 

90
o
 degree. With the different angle of the cutting process, anisotropy is able to define. 

There are two thickness have been used in the test, 2mm and 3mm. Each thickness with 

each angle of cutting will have 3 specimens. The dimension of the specimen is 300mm 

x 100mm. 

 

3.3.3.2 Steps using Shear Cutting Machine 

1) Turn on the machine 

2) Set the dimension in X and Y axis 

3) For 0
o
 specimen,  the X axis is set as 100mm 

4) The X axis is set again with dimension 300mm 

5) For 90
o
 specimen, the X axis is set as 300mm 

6) For 45
o
, the raw material is cut in 45

o
 degree with x axis 100mm. 

 

Table 3.2 

Total speceimens used in tensile test 
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3.3.3.3 Master Cam Drawing 

Master cam is a software developed for used in CNC Machine. Mastercam 

comprehensive set of predefined toolpaths including contour, drill, pocketing, face, peel 

mill, engraving, surface high speed, advanced multiaxis, and many more which is 

enable machinists to cut parts efficiently and accurately. Mastercam users can create 

and cut parts using one of many supplied machine and control definitions. Mastercam 

also offers a level of flexibility that allows the integration of third party applications. 

Before using the Master cam, the user must first understand about the G code of 

the master cam. G code is the codes that representing the process in the CNC machine. 

Each codes will present the different process.With the understanding of the G code, the 

user easily can set the process of cutting in CNC Machine manually within or without 

using the master cam. 

 

3.3.3.4 Master Cam Procedure 

Mastercam comprehensive set of predefined tool paths which including contour, 

drill, pocketing, face, peel mill, engraving, surface high speed, advanced multi axis, and 

many more and enable us to cut parts efficiently and accurately. 

1) First, draw the Tensile specimen in the Mastercam with following the standard 

dimension 

2) Set the type of the material specimen at machine group properties 

3) To set up the raw material size at stock. 

4) Then, at 2D-toolpaths icon select contour as a tool paths type. After that, select 

16 flat endmill as the tool for this process. 16 flat endmill is a 16mm diameter 

cutting tool for endmill cutting process type. 

5) The next step is setup the feed rate, spindle speed and plunge rate for this 

process. The feed rate has been set about 40mm/min while the plunge rate is 

about 10mm/min. The spindle speed is set to be 900rpm. 

6) Then, at the linking parameters icon, set up the depth to be cut to the raw 

material. For example, if the thickness of the material is 2mm, the suitable 

cutting depth is 2.5mm 
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7) After all parameter for this process has been setup in the software, the 

simulation has been run to check the flow of this process. Figure10 showing the 

simulation paths of cutting process. 

 

 

 

 

 

 

 

Figure 3.2: The finish specimen drawing by using Master cam 

8) Finally, the G codes are generated after simulation process. 
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Figure 3.3 : G - codes generated by Master cam 
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3.3.4 CNC Machining process 

 

In order to follow the ASTM Tensile Test standard E8M, CNC Machine has 

been chosen as the machine to cutting the Mild steel sheet metal into the dog bone 

shape. After preparing the drawing by using master cam, the data will be transfer into 

the CNC Machine. Before set the data in the CNC Machine, the workpiece 300 x 

100mm is clamping on the table of the machine.  

 

 

 

 

 

 

 

 

 

 

After the material is properly clamp on the table, the cutting tools with the same 

diameter as in the Master cam is set up onto the machine milling cutter. The drawing 

from Master cam is save in the memory of the machine. After all the data and G code 

have set, the next step is to set the origin point of the workpiece. This process is very 

important because the origin point  is where the cutting process started and must set up 

manually by the user. In determination of the origin point, the X, Y and Z axis of the 

table are adjusted manually. 

 

With the origin point, the measuremeter will used to measure the first stop of Z 

axis movement before it start to cut the material. The distance are normally set 50mm 

from the workpiece. After all the process mention above is already set, the cutting 

Figure 3.4 : Work piece is clamping on CNC Machine table 
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process is begin at the origin point. The cutting process will running as the data give 

from the G code. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 : CNC Machine start cutting process 

 

Figure 3.6: Specimens after cutting process  
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3.3.5 Tensile Test 

A tensile test is developed to evaluate the strength of metals and alloys. The tensile 

test is operate with a sample metal is pulled to failure in a relatively short time at a 

constant rate. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

After the sample metal are pulled until reach the yield point of the metal, the metal will 

start to have necking deformation. The necking deformation will go until the forces 

attached reach the ultimate tensile strength of the material. 

Figure 3.7 : Proper dog bone specimen. 

 

Figure 3.8 : Specimen attached in the tensile Machine during tensile test           

experiment. 
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In the end of the tensile test, the sample will break at the necking point which mean the 

process have reach the ultimate tensile strength of the metal. 

 

 

 

 

 

 

 

 

 

The forced data obtained from the chart paper for the tensile test can be converted to the 

engineering data, and a plot of engineering of engineering stress versus engineering 

strain can be constructed. Figure below showing the first result on tensile test for Mild 

steel. 

Figure 3.10  : Specimen result in tensile test 

Figure 3.9 : Specimen attached starting to necking. 
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Figure 3.11: Graph of the first tensile test of mild steel AISI 1010. 
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Table 3.3 

Mechanical Properties of 2mm and 3mm thickness of mild steel AISI 1010 specimens 

 

 2mm thickness 

 Rang R v n E(MPa) UTS(MPa) ρ 

0 degree        

1 

2 

3 

Average 

 

0.27914 

0.28377 

0.25107 

0.27133 

0.269295 

0.269295 

0.269295 

 

0.3 

0.3 

0.3 

0.24849 

0.25241 

0.25403 

0.2516 

30761 

23994 

21524 

25426 

402.953 

399.7412 

403.572 

1.732 

1.732 

1.732 

45 degree        

1 

2 

3 

Average  

 

0.28166 

0.27254 

0.25472 

0.26961 

0.269295 

0.269295 

0.269295 

 

0.3 

0.3 

0.3 

0.24272 

0.24619 

0.24787 

0.2456 

29251 

25075 

24618 

26314 

392.0812 

401.7464 

398.2048 

1.732 

1.732 

1.732 

90 degree 

1 

2 

3 

Average  

 

0.27467 

0.23226 

0.29297 

0.26663 

 

 

0.269295 

0.269295 

0.269295 

 

 

0.3 

0.3 

0.3 

 

0.248321 

0.23614 

0.24658 

0.24368 

 

30423 

29554 

30070 

30015 

 

404.2008 

403.9108 

393.3764 

 

1.732 

1.732 

1.732 

(a) 

 3mm thickness 

 Rang R v n E(MPa) UTS(MPa) ρ 

0 degree 

1 

2 

3 

Average  

  

 

0.3207 

0.34 

0.3891 

0.3499 

 

0.31786 

0.31786 

0.31786 

 

 

0.3 

0.3 

0.3 

 

0.24976 

0.22144 

0.25310 

0.24142 

 

20842 

21416 

23996 

22084 

 

376.0029 

382.6189 

371.6656 

 

2 

2 

2 

 

45 degree 

1 

2 

3 

Average  

 

 

0.3254 

0.3226 

0.2999 

0.3159 

 

0.31786 

0.31786 

0.31786 

 

 

0.3 

0.3 

0.3 

 

0.24223 

0.25877 

0.22120 

0.24073 

 

25433 

21416 

20677 

22508 

 

369.0013 

371.5483 

373.4667 

 

2 

2 

2 

90 degree 

1 

2 

3 

Average  

 

 

0.2872 

0.2848 

0.2968 

0.2896 

 

 

0.31786 

0.31786 

0.31786 

 

 

0.3 

0.3 

0.3 

 

0.24235 

0.24326 

0.23446 

0.24002 

 

28324 

28073 

28499 

28298 

 

359.8696 

365.7928 

374.3491 

 

2 

2 

2 

(b) 
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The reliability of the mechanical properties of mild steel AISI 1010 from tensile 

test are tested by compared with the standard value of the metal from journal or 

previous study. From the result, there are several mechanical properties that are not 

following the standard value. Young’s modulus data of the experiment seems not agree 

with the Young’s Modulus from previous study (M.Samuel, 2000). The average 

Young’s modulus from the experiment is 25774.17 MPa, smaller than the standard 

value which is in range 190-210 GPa. The different of the standard value with 

experimental value are caused by the condition of the tensile machine. During the 

tensile test experiment, the elongation of the specimens and also the change of the width 

of the specimen are measured by using extensometer. The extensometer used is not 

functioned well and influence the data of the test. For the sake of the methodology the 

values of Young’s Modulus from the experiment still need to use in analytical 

evaluation. The error of extensometer may result the different value of springback.in 

analytical analysis with experimental. 

 

3.3.6 Analytical Evaluation 

In tensile test, the Anisotropy Value is not provided because of the extensometer is not 

working. The normal anisotropy for each rolling direction can be define by using 

formula 

 

Rang = 
ln(𝑤0 𝑤𝑓⁄ )

ln(𝑙𝑓𝑤𝑓 𝑙0𝑤0⁄ )
     (3.1) 

 

Where 𝜀𝑤 and 𝜀𝑙 are true strains in width and length directions, 𝑤0, 𝑤𝑓, 𝑙0 and 𝑙𝑓 are 

initial and final gage width and length, respectively. With most materials the change of 

R with strain 𝜀𝑙 is negligible.  

 

The R value with different angle can define by using formula  

 

  Normal anisotropy value, R = 
𝑅0+𝑅45+𝑅90

4
   (3.2) 
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Ultimate Tensile Strength (UTS) is determine by using the the highest value of 

Engineering stress of the specimen. The engineering stress by using equation 

 

    Engineering stress, σeng = 
𝐹

𝐴0
    (3.3) 

 

   Engineering strain, εeng = 
∆𝑙

𝑙
    (3.4) 

 

For the continuity of stress σ, neutral axis then found as  

 

𝜌 = √𝑟𝑜𝑟𝑖     (3.5) 

 

The analytical analysis method from Daw Kwei Leu have been used in this report in 

determine the valu of springback of V bending for mild steel. Daw Kwei Leu have 

study the effect of normal anisotropy value and then strain hardening exponent , n on 

the pure bending of sheet metal. The formula used in determine the springback is 

∆𝜃

𝜃
=  

𝑈𝑇𝑆

𝑒−𝑛𝑛𝑛  ×  (
1+𝑅

√1+2𝑅
)

1+𝑛 3(1−𝑣2)

2𝐸(1+𝑛)
(

𝑡

2𝜌
)

𝑛−1
  (3.6) 
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3.3.6.1 Example calculation of 2mm thickness Mild steel 

 

1) Define the anisotropy value, Ravg for each orientation 

𝑅𝑎𝑣𝑔 =
ln(𝑤0 𝑤𝑓⁄ )

ln(𝑙𝑓𝑤𝑓 𝑙0𝑤0⁄ )
   (3.7) 

 

𝑅𝑎𝑣𝑔 =
ln(8.7 12.5⁄ )

ln(12.5(60) 8.7(23.534)⁄ )
 

𝑅𝑎𝑣𝑔 = 0.27914 

 

2) Calculate the normal anisotropy  value, R 

 

R = 
𝑅0+2𝑅45+𝑅90

4
    (3.8) 

 

𝑅 =
0.27133 + 2(0.26961) + 0.26663

4
 

𝑅 = 0.269295 

 

3) Determine the engineering stress and engineering strain  

 

𝜎𝑒𝑛𝑔 =
𝐹

𝐴0
     (3.9) 

 

𝜎𝑒𝑛𝑔 =
300

12.5
= 24𝑘𝑁/𝑚𝑚2 
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4) Find the Ultimate tensile strength, UTS from maximum engineering stress 

shows in figure 3.11. 

 

5) Calculate the neutral axis radius, ρ 

 

𝝆 = √𝒓𝒐𝒓𝒊     (3.10) 

 

𝜌 = √1(3) 

  

𝜌 = 1.732 

 

6) Using Daw Kwei Leu analytical analysis method to determine the springback  

 

∆𝛉

𝛉
=  

𝐔𝐓𝐒

𝐞−𝐧𝐧𝐧
 ×  (

𝟏 + 𝐑

√𝟏 + 𝟐𝐑
)

𝟏+𝐧 𝟑(𝟏 − 𝐯𝟐)

𝟐𝐄(𝟏 + 𝐧)
(

𝐭

𝟐𝛒
)

𝐧−𝟏

 

 

∆θ

θ
=  

402.953

e−0.248490.248490.24849
× (

1 + 0.26295

√1 + 2(0.26295)
)1+0.24849

× (
3(1 − 0.32)

2(30761)(1 + 0.24849
) × (

2

2(1.732)
)0.24849−1 

 

∆θ

θ
= 0.04036, θ is refer to punch angle, 26ᴼ 

 

∆𝛉 = 𝟏. 𝟎𝟓𝟗ᴼ 
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3.4 EXPERIMENTAL 

3.4.1 Introduction  

For this project, V bending type has been selected as the type of bending to be 

analysed. The effects of the normal anisotropic value R and the strain hardening 

exponent n on V bending of Mild steel sheet metal in deformation of springback have 

been studied. The result is separated into two, first the experimental result and second 

the analytical analysis. The result of springback for experimental and analytical is 

compared to get the reliable result with previous studied. 

 

3.4.2 Objectives 

 

i. To study the effects of the normal anisotropic value R and the strain hardening 

exponent n on V bending of Mild steel sheet metal in deformation of springback 

ii. To compare the result from analytical analysis and experimental in determine 

the value of springback. 

iii. To validate the previous studied of the effect of the normal anisotropic value R 

and the strain hardening exponent n on V bending of Mild steel sheet metal in 

deformation of springback 

 

3.4.3 Experimental 

 

There are three processes in experimental of V bending. The processes are: 

i. Cutting Process from Raw material by using shear cutting machine 

ii. Bending process in V shape by using Press break machine 

iii. Measuring the angle of bending by using 3D scanner 

 

In cutting process, the dimension of the specimen is 100mm x 100mm. There are two 

thicknesses of specimen, 2mm and 3mm. Both thicknesses are cut with three different 

rolling direction, 0
o
, 45

o
 and 90

o
 degree. Each of the rolling direction has three 

specimens. Table 3.4 shown the quantities of the specimens for experimental: 
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Table 3.4 : The total number of specimens used in V bending experimental 

 

Specimen 

Thickness 

(mm) 

No. of Specimen 

0° 45° 90° 
Total 

Specimen 

2.0 3 3 3 9 

3.0 3 3 3 9 

 

Press Break Machine has been used to perform the bending process of the specimens. 

For this project, the die used have angle 30 degree and punch that used to bend the 

specimen is in V shape and have angle 30 degrees. The specimen is placed on die and 

pressing by punch with depth 80mm. The process is call bottoming which is the punch 

will press the specimen until the bottom surface of specimen is contact with whole die 

surface 

 

 

 

 

 

 

 

 

 

 

 

(b) (a) 

 

Figure 3.12 : Figure (a) shown the dimension of die and figure (b) shown  

the dimension of punch 
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Figure 3.13 : Figure (a) shown the punch and figure (b) shown the die used in bending  

process. 

 

 

 

 

 

 

 

 

 

 

(a) (b) 

(a) (b) 

Figure 3.14: Specimen is placed on die and back gauge shown in figure (a) and 

Bending process start when punch move downward and press the specimen  

shown in  figure (b).   
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Figure 3.15 : Result of specimen after bending process. 

3.4.4 Experimental Result 

3D scanner has been used to collecting the final angle data from specimen after 

bending process.3D scanner is a device that analyses a real object to collect data on its 

shape and possibly its appearance such as in colour.  The collected data can then be 

used to analyse the dimension of the object. 

 

 

 

 

 

 

 

 

Figure 3.16  Process in using the 3D scanner 
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Figure 3.17:  Result of bending shows in three different points 

To collect the data from specimen using 3D scanner, there are several steps to be 

follow. 

i. Scan the specimen with the laser until the shape of specimen is appear at 

computer screen. 

ii. Used IMEDIT to edit the scan result which is removed the unwanted scan 

drawing. 

iii. Use IMALIGN to measure the scan result to measure  the bending angle of the 

specimen  

The angle of bending is taken at three different points which is to prevent error of data 

collection. Table 3.6 and table 3.7 show the result of bending angle using 3D scanner. 
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Table 3.5 : The bending angle result using 3D scanner 

 

Specimen 

Thickness(mm) 
1 2 3 Average 

2mm     

0 degree 27.241 28.79 27.507 27.846 

45 degree 27.381 28.423 27.652 27.818 

90 degree 27.346 26.79 27.724 27.287 

Average     

3mm     

0 degree 28.001 27.787 27.665 27.818 

45 degree 27.581 26.695 27.296 27.524 

90 degree 27.112 27.137 27.255 27.168 

Average     

 

Table 3.6 : The Angle different of Actual angle and specimen angle of bending 

 

Specimen 

Thickness(mm) 
Average(°) Punch Angle(°) Angle different(°) 

2mm    

0 degree 27.846 26 1.846 

45 degree 27.818 26 1.818 

90 degree 27.287 26 1.287 

Average 27.65 26  

3mm    

0 degree 27.818 26 1.818 

45 degree 27.524 26 1.524 

90 degree 27.168 26 1.168 

Average 27.503 26 1.503 
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From result of the final angle in table 3.5, it shown that the final angle of V bending 

Mild steel is different with actual bending angle with is 26 degree. Specimens with 

2mm thickness give the smaller angle different than specimens with 3mm of thickness. 

As shown in table 3.6, the average angle of specimens with 2mm thickness is 

25.489degree compared with the specimens with 3mm thickness which have average 

angle 23.8375 degree. Result from experimental also shown that rolling direction or 

anisotropy value of specimen is not the parameter that affects the springback of V 

bending process. Result shown that the average angle of different rolling direction for 

specimens with 2mm thickness is almost same. 

 

 

 



 

 

 

CHAPTER 4 

 

 

RESULT AND DISCUSSION 

 

 

4.1 INTRODUCTION 

 

 This chapter is showing a result from the analytical analysis and  experiment. In 

the experiment, 3D Scanner was used to measure the springback for each specimen. 

From the analytical analysis, springback is measured by using method from Daw Kwei 

Leu in determining the factor effecting the springback  

  

4.2 VERIFICATION OF SPRINGBACK , ∆θ 

 

The present data from analytical analysis and the experimental are used in 

determined the springback of the V bending process. The result is compared between 

the analytical analysis and experimental result. The discussion are included with the 

studied of  effect of the anisotropy, R , hardening exponent, n and also the thickness, t 

on the V bending of mild steel sheet metal  

 

4.2.1 ANALYTICAL ANALYSIS RESULT 

 

The analytical analysis is conducted start from collecting the mechanical 

properties by using tensile test. The mechanical properties that get from tensile test such 

as the elongation,∆l, hardening exponent,n , Young modulus,E and Ultimate Tensile 

strength, UTS. Table 4.1(a) and 1(b) shows the data of mechanical properties of mild 

steel in 2mm and 3mm thicknesses   
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Table 4.1 : Mechanical Properties of 2mm and 3mm thickness of Mild steel sheet metal 

specimens 

 2mm thickness 

 Rang R v n E(MPa) UTS(MPa) ρ 

0 degree        

1 

2 

3 

Average 

 

0.27914 

0.28377 

0.25107 

0.27133 

0.269295 

0.269295 

0.269295 

 

0.3 

0.3 

0.3 

0.24849 

0.25241 

0.25403 

0.2516 

30761 

23994 

21524 

402.953 

399.7412 

403.572 

1.732 

1.732 

1.732 

45 degree        

1 

2 

3 

Average  

 

0.28166 

0.27254 

0.25472 

0.26961 

0.269295 

0.269295 

0.269295 

 

0.3 

0.3 

0.3 

0.24272 

0.24619 

0.24787 

0.2456 

29251 

25075 

24618 

392.0812 

401.7464 

398.2048 

1.732 

1.732 

1.732 

90 degree 

1 

2 

3 

Average  

 

0.27467 

0.23226 

0.29297 

0.26663 

 

 

0.269295 

0.269295 

0.269295 

 

 

0.3 

0.3 

0.3 

 

0.248321 

0.23614 

0.24658 

0.24368 

 

30423 

29554 

30070 

 

404.2008 

403.9108 

393.3764 

 

1.732 

1.732 

1.732 

(a) 
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 3mm thickness 

 Rang R v n E(MPa) UTS(MPa) ρ 

0 degree 

1 

2 

3 

Average  

  

 

0.3207 

0.34 

0.3891 

0.3499 

 

0.31786 

0.31786 

0.31786 

 

 

0.3 

0.3 

0.3 

 

0.24976 

0.22144 

0.25310 

0.24142 

 

20842 

21416 

23996 

 

376.0029 

382.6189 

371.6656 

 

2 

2 

2 

 

45 degree 

1 

2 

3 

Average  

 

 

0.3254 

0.3226 

0.2999 

0.3159 

 

0.31786 

0.31786 

0.31786 

 

 

0.3 

0.3 

0.3 

 

0.24223 

0.25877 

0.22120 

0.24073 

 

25433 

21416 

20677 

 

 

369.0013 

371.5483 

373.4667 

 

2 

2 

2 

90 degree 

1 

2 

3 

Average  

 

 

0.2872 

0.2848 

0.2968 

0.2896 

 

 

0.31786 

0.31786 

0.31786 

 

 

0.3 

0.3 

0.3 

 

0.24235 

0.24326 

0.23446 

0.24002 

 

28324 

28073 

28499 

 

359.8696 

365.7928 

374.3491 

 

2 

2 

2 

(b) 
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Table 4.2 : Result of angle different by using analytical analysis on 2mm and 3mm 

thickness mild steel 

2mm Angle Different, ∆θ 

1 2 3 

 

Average 

0 degree 1.059 1.082 1.554 1.2317 

45 degree 1.061 1.3039 1.2566 1.2072 

90 degree 1.0765 1.104 1.0582 1.0796 

Average    1.173 

(a) 

Angle Different, ∆θ 

 

3mm 1 2 3 

 

Average 

0 degree 1.19802 1.1747 1.0296 1.1341 

45 degree 0.9729 1.1125 1.182 1.0933 

90 degree 0.8481 0.8631 0.8674 0.8595 

Average    1.0289 

(b) 
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4.3 EFFECT OF STRAIN HARDENING EXPONENT, 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Effect of Rolling direction on the strain hardening value, n 

 

Figure 4.1 shows the effect of rolling direction on the strain hardening value, n. 

The n- value is decreasing for 2mm thickness when the rolling direction is increase. The 

n – value for 3mm thickness seems no changes when increasing the rolling direction of 

specimens. It is concluded that specimens with 2mm thickness is effected more in n –

value compared with specimens with 3mm thickness when the rolling direction is 

increases.    
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Figure 4.2 (a) and (b).  Effect of strain hardening exponent, n on  

springback angle, ∆θ 

 

Figure 4.2 shows that the springback angle, ∆θ is increasing linearly with 

increases of hardening exponent value, n – value.   Figure also shows that the 

springback angle, ∆θ of 2mm thickness is bigger than the 3mm thickness. It is 

concluded that greater n value will increase the springback of V bending process. 

From figure 4.1 and figure 4.2(a) and (b), the hardening exponent value,  n value  , 

thickness of material and rolling direction are effecting the springback angle of  V 

bending.  The springback angle is increasing with bigger thickness, greater hardening 

exponent value,n  and bigger rolling direction. 

 

 

 

 

∆θ versus n-value 
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4.4 EFFECT OF NORMAL ANISOTROPY, R  

 

 

 

 

 

 

 

 

 

 

Figure 4.3. Effect of rolling direction on normal anisotropy, R value 

Figure 4.3 shows the effect of rolling direction on normal anisotropy, R value.  

R value for 3mm thickness is decrease linearly with greater rolling direction. At 0 

degree of rolling direction, the value of R is 0.3159. The value of R is decrease to 

0.3159 at 45 degree of rolling direction and at 90 degree of rolling direction the value of 

R is 0.2896.  For 2mm thickness, the R value is almost constant at 0, 45 and 90 degree 

of rolling direction. At 0 degree rolling direction, the value R is 0.27133, 0.26691 at 45 

degree and 0.26663 at 90 degree.    
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Figure 4.4 Effect of anisotropy, R on springback angle,∆θ 

Figure 4.4 shows that the springback angle,∆θ is increasing with anisotropy, R 

value  is increase. For 2mm, at R value is 0.26663, the springback angle is 1.0796 

degree. The springback angle is increase to 1.2072 degree at R value 0.26961 and 

1.2317 degree at R value 0.27133. The value or R for 3mm is bigger compared with the 

R value for 2mm but the springback angle for 3mm is smaller compared with 

springback of 2mm. It is concluded that spingback angle is increasing with anisotropy 

value, R increase and thickness is smaller. 

 

 

 

 

∆θ versus R-value 
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4.5 EXPERIMENTAL RESULT 

Springback angle of V bending specimens is taken by using 3D scanner and the results 

is showing in the table 4.3 and table 4.4 

Table 4.3 : The bending angle result using 3D scanner 

Specimen 

Thickness(mm) 
1 2 3 Average 

2mm     

0 degree 27.241 28.79 27.507 27.846 

45 degree 27.381 28.423 27.652 27.818 

90 degree 27.346 26.79 27.724 27.287 

Average    27.817 

3mm     

0 degree 28.001 27.787 27.665 27.818 

45 degree 27.581 26.695 27.296 27.524 

90 degree 27.112 27.137 27.255 27.168 

Average    27.053 
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Table 4.4 : The Angle different (springback angle) of Punch angle and specimen angle  

Specimen 

Thickness(mm) 
Average(°) Punch Angle(°) Angle different(°) 

2mm    

0 degree 27.846 26 1.846 

45 degree 27.818 26 1.818 

90 degree 27.287 26 1.287 

Average 27.65 26 1.650 

3mm    

0 degree 27.818 26 1.818 

45 degree 27.524 26 1.524 

90 degree 27.168 26 1.168 

Average 27.503 26 1.503 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5. Result of springback angle in experimental 
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Figure 4.5 shows the result of springback angle,∆θ in experimental. Figure 

shows that springback angle,∆θ  is decreasing with rolling direction increase. For 2mm 

thickness, the springback angle for 0 degree is 1.846 decreasing to 1.818 degree at 45 

degree and 1.287 at 90 degree of rolling direction. From the figure shown, the 3mm 

springback is decreasing almost linearly with increasing rolling direction. At 0 degree 

3mm, the springback angle is 1.818 and decrease to 1.524 at 45 degree and 1.168 at 90 

degree. It is concluded that the springback angle is decreasing with rolling direction 

increase. 

 

4.6 COMPARISON BETWEEN EXPERIMENTAL AND ANALYTICAL   

            ANALYSIS RESULT ON SPRINGBACK 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6:  Comparison of springback between experimental and analytical result  

                     for 2mm thickness  

 

Figure 4.6 shows the comparison between analytical and experimental result for 

2mm thickness. Both results show the same pattern which is the springback angle is 

decrease with increasing rolling direction.  To determine the applicable of the analytical 

method used in the experiment, the analysis is included with error calculation for each 

rolling direction.  For 0 degree rolling direction, the error of springback angle is 0.6143ᴼ 

and slightly decreases to 0.6108ᴼ for 45 degree and 0.2074ᴼ for 90 degree of rolling 
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direction. The percentage error between analytical and experimental result is 28%. It is 

shows that the analytical analysis used from Daw Kwei  Leu is still applicable in 

determine the springback angle in V bending plate but need future improvement with 

consideration of more mechanical properties of mild steel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7 : Comparison of springback between experimental and analytical result  

                     for 3mm thickness 

 

Figure 4.7 shows the comparison between analytical and experimental result for 

3mm thickness. Both results show the same pattern which is the springback angle is 

decrease with increasing rolling direction.  To determine the applicable of the analytical 

method used in the experiment, the analysis is included with error calculation for each 

rolling direction.  For 0 degree rolling direction, the error of springback angle is 0.6839ᴼ 

and slightly decreases to 0.4307ᴼ for 45 degree and 0.8595ᴼ for 90 degree of rolling 

direction. The percentage error between analytical and experimental result is 31.54%. It 

is shows that the analytical analysis used from Daw Kwei  Leu is still applicable in 

determine the springback angle in V bending plate but need future improvement with 

consideration of more mechanical properties of mild steel. 
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4.7  DISCUSSSION OF NORMAL ANISOTROPY, R AND STRAIN  

             HARDENING EXPONENT EFFECT ON SPRINGBACK 

 

 From the discussion of the result, it shows that rolling direction, anisotropy and 

hardening exponent are effected the springback deformation of mild steel sheet metal.  

The anisotropy value, R is related to the angle of rolling direction. When the rolling 

direction increase, the circumferential strain at the outer layer of the bent sheet will 

reach a limiting value and necking will appear in the outer layer or unstable condition of 

bending. With increasing the rolling direction, the anisotropy value is decreasing.  The 

springback angle, ∆θ is increasing with anisotropy R value increases for 2mm and 3mm 

thickness. It is same with effect of hardening exponent, which is when the rolling 

direction is increase, the n value will decrease. The value of springback, ∆θ is increase 

with increasing n value for 2mm and 3mm thickness. From figures 4.3 and 4.1, when 

the thickness is increase, the R value and n value for 0, 45 and 90 degree is almost 

same. It is shows that rolling direction, R value and n value is related with thickness of 

the plate. It means that those three factors are not affecting the value of springback 

when the thickness is increasing. For future studies, more thickness and considering 

others material properties will be required for this experiment to validate the conclusion 

made from this studied. 



 
 

 

 

 

CHAPTER 5 

 

 

CONCLUSION 

 

 

5.1 INTRODUCTION 

  

Based on the result obtained, there a conclusion can be stated. This chapter summarize 

the conclusion and solve recommendation from the study.  

 

5.2 CONCLUSIONS 

 

 The deformation mechanics of springback phenomenon in the V-bending of 

Mild steel sheet-metals was investigated by using analytical analysis method. Based on 

this study, the following conclusion can be drawn. 

1) The reliability of analytical analysis method from Daw Kwei Leu for mild steel 

sheet metal has been evaluated in this project. The accuracy of the present 

method has been test by comparison of its predictions with experimental result 

of springback. The error for 2mm thickness is 28.9% and for 3mm thickness is 

31.5%. The method  show the same pattern with experiment result but still need 

future improvement with more consideration of others material properties. 

 

2) The effect of the normal anisotropic value, R and the strain hardening exponent , 

n on the V bending of Mild steel sheet metal have been studied. Based on this 

project, the springback angle is greater for mild steel with greater anisotropy, R 

value and greater hardening exponent value, n. The influence of the anisotropy 

R on the springback angle is greater than hardening exponent, n.  
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3) The springback have been determine by using analytical analysis and 

experimental. For 2mm thickness, the average springback value for experimental 

is 1.65033ᴼ and analytical is 1.173ᴼ. For 3mm thickness, the average springback 

for experimental value is 1.5033ᴼ and for analytical is 1.0289ᴼ. 

 

5.3 RECOMMENDATION 

 

In order to improve the study of springback prediction of Mild Steel sheet on V-

bending for future study, there are some aspects should be taken into consideration: 

 

(i) Using a variety of materials in the experiment and analytical analysis 

such as are Aluminium, Stainless Steel and so on to investigate which 

material that have a less springback. 

(ii) Considering more factor that effecting the springback on Mild steel sheet 

metal such as temperature, microstructure of Mild steel surface and using 

different bending method..  

(iii) Using more thickness and different angle to diversify more result and 

data in determine the accuracy of the analytical analysis method. 

 



61 
 

REFERENCES 

1) Satyandra K. Gupta,Deepak Rajagopal,2002. Sheet Metal Bending: Forming Part 

Families for Generating  Shared Press-Brake Setups  Journal of Manufacturing 

Systems. 

 

2) Olaf Diegel,2002.Complete Design Services 

 

3) Ivana Suchy,2005. Handbook of die design, Mcgraww hill 

 

4) Z. Marciniak, J.L. Duncan and S.J. Hu, 2002. Mechanics of Sheet Metal Forming, 

Butterworth-Heinemann. 

 

5) M. Bakhshi-Jooybari, B. Rahmani, V. Daeezadeh and A. Gorji, 2008. The study of 

spring-back of CK67 steel sheet in V-die and U-die bending processes. 

 

6) Volkan Esat , Haluk Darendeliler, Mustafa Ilhan Gokler, 2001.Finite element analysis 

of springback in bending of aluminium sheets  

 

7) Karl-Heinrich Grote and Erik K. Antonsson ,2009. Springer Handbook of Mechanical 

Engineering 

 

8) Dongye Fei and Peter Hodgson, 2006. Experimental and numerical studies of 

springback in air v-bending process for cold rolled TRIP steels. 

 

9) Toshihiko Kuwabara , 2006. Advances in experiments on metal sheets and tubes in 

support of constitutive modeling and forming simulations  

 

10) R. Machunze and  G.C.A.M. Janssen, 2008. Stress gradients in titanium nitride thin 

films  

 

11) Michael F. Ashby and David R.H Jones, 2005. Engineering of Materials 1. 

 

12)  William F. Smith and Javad Hashemi, 2006, Foundations of Materials Sciene and 

Engineering, Mcgraw Hill international Editor 

 

13)  K.J Weinmann and R.J. Shipell, 1978, Effect of tool and workpiece geometries upon 

bending forcesand springback in 90 egree V die bending of HSLA steel plate. 

 

14)  Zhang Dong juan, Cui Zhen shan, Chen Zhi Ying and Ruan Xue yu , 2006, An 

Analytical model for predicting sheet springback after V bending. 

 

15) Ozgur Tekalsan, Ulvi Seker Ahmet Ozmedir, 2004, Determinig springback amount of 

steel sheet metal has 0.5 mm thickness in bending dies. 



62 
 

 

16)  Rahul K Verma and A . Haldar, 2007, effect of normal anisotropy on springback. 

 

17)  M.A. Osman , M. Shazly , A. El Mokkaddem, A.S. Wifi, 2010, springback prediction 

in V die bending : modelling and experimentation. 

 

18)  Wang , C.T.Kinzel, G. Altan .T,1993, Mathematical modelling of plane strain 

bending of sheet and plate. 

 

19)  Karafillis AP, Boyce , 1992, Tooling design in sheet metal forming using springback 

calculation. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 



 

63 
 

APPENDIX A 

Gantt Chart Final Year Project 1 
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APPENDIX B 

Gantt Chart Final Year Project 2 

 


