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Sheet metal is widely used in industry and in different production processes. The present 

work aims to reduce the bending force in the air-die bending process. Different mild 

steel sheet thicknesses (0.5, 0.75, 1, and 1.25 mm) were considered, and two techniques 

were proposed. The first technique involves an annealing process, while the second one 

considers cutting a rectangular hole along the bending line. The bending stress was 

calculated using Autodesk inventor software. The results revealed that the annealing 

process can provide significant ductility improvement and hence bending force 

reduction, and that annealing time is an important factor that influences ductility 

development. Moreover, cutting a hole along the bending line could reduce the bending 

stress and consequently the bending force. The study also reported that increasing the 

thickness beyond a specific value could result in a reduction in bending force instead of 

an increase, which is attributed to a temperature increase in the sheet and bending tool. 
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1. INTRODUCTION

Sheet metal bending is a very common process in 

engineering applications; however, it has several practical 

issues, such as the need for a high load and the spring-back 

effect. Several studies have considered these issues in low-

carbon steel sheet metal with different thicknesses and other 

parameters considered in the study included the addition of a 

die angle, a die width, and a punch diameter for a V-bending 

die.  

The sheet metal has kinematic bending will allow to 

manufacture parts with high elasticity which concerning the 

geometry Hoffmann et al. [1] and Singh [2]. The applied axis 

force on sheet metal to produce asymmetric cross section 

which used kinematic bending process to resist spring back 

and warping. The partial heating of cross section to reduce 

geometric deflection which lead to reduce flow stress locally. 

Farsi and Arezoo [3] developed an equation to predict the 

bending force required in a V-bending die. Kabir et al. [4] 

investigated the aluminum-glass fiber sandwich panel to 

evaluate its behavior in bending and to enhance the mechanical 

properties of the light-weight composites. Besides, Leu [5] 

conducted a set of tests on an air-bending die. The tests 

comprised stress-strain, stress-displacement, load-

displacement, stress-time, strain-time, load-time, and 

displacement-time by using AIMIL-UTM. The study 

concluded that the sandwich panel (aluminum composite 

material) has better mechanical properties than monolithic 

aluminum. 

Radius of the die and punch is an influencing parameter in 

the sheet steel V bending die. It has been considered 

comprehensively in many studies in recent years. Leu [5] and 

Guo and Tang [6] presented an experimental investigation that 

involved observation of the spring back behavior when 

different diameter dies and punches were used. The 

experimental design used the full factorial and analysis of 

variance methods to specify the radius effect and predict the 

spring back behavior. At level 0.05, the statistical analysis 

revealed that die and punch radiuses were a significant factor 

in limiting the spring-back effect. Also, the results showed that 

to reduce the spring-back effect, the die and punch diameters 

must be reduced. Anudeep and Ramesha [7] and Rachik et al. 

[8] discussed the design and the analysis procedure to develop

a bending press tool for anchor bracket component production.

Press tool manufacturing is an emerging trend in production

lines, especially in the aircraft and automobile industries, due

to the high dimensional accuracy of the produced components.

The anchor bracket is a part of automobiles’ brake assemblies;

the operation sequence was initially deliberated before the

design and analysis of the press tool were performed. The

purpose of conducting the analysis is to avoid expensive trials

and optimize production rate and quality.

Due to the significant impact of the spring-back 

phenomenon in sheet metal forming processes, Chikalthankar 

et al. [9] presented a review that considered a wide range of 

influencing parameters that affect the spring-back behavior. 

The investigated parameters included the punch angle and 

radius, sheet thickness and die radius to sheet thickness ratio, 

sheet grain direction, punch height, die opening, coining force, 

etc. According to Chikalthankar et al. [9] and Kazan et al. [10], 

the reason behind the spring-back effect is the internal stress 

redistribution posterior to the release of deforming stress. It is 

very important to use techniques for spring-back effect 

compensation if you want the geometry of sheet metal parts to 

be exact. Rady et al. [11] and Hussein et al. [12] discussed the 

effect of heat treatment on improving tensile strength and 

hardness.  

In this study, two approaches have been proposed to reduce 

the bending force required for mild steel sheet bending in the 

air die bending process. In the first approach, an annealing 
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process with different annealing times was proposed to reduce 

the steel's UTS and improve its ductility. The second way to 

reduce the bending stress is to cut a square hole along the line 

where the sheet bends. 

2. THEORETICAL BACKGROUND

The sheet metal bending process involves metal straining 

relative to a straight line. The internal part of the metal is 

subjected to compression while the external part undergoes 

stretching, as shown in Figure 1. There are three different 

types of bending die in metal forming process: air die bending, 

V die bending, and wipe die bending. The air die bending, 

which is used in the current study only, is a flexible die where 

the bending angle changes while the punch travels until the 

sheet metal angle becomes the same as that of the punch, as 

illustrated in Figure 2 [13-16]. 

Figure 1. Straining of sheet metal during bending 

Figure 2. Air bending process 

The process of air bending begins with the maximum 

bending force (Fmax), as shown in Eq. (1), and gradually 

decreases throughout the process [17, 18]. 

𝐹𝑚𝑎𝑥 =
𝐾[(𝑈𝑇𝑆). 𝐿𝑠. (𝑇𝑠)2]

𝑊𝑑
(1) 

where, K is a constant, UTS is the Ultimate Tensile Strength, 

Ls is length of bending line, T is the metal sheet thickness, and 

Wd is the width of air bending die. 

The bending stress, based on the maximum bending forces, 

required to perform sheet metal bending for different mild 

steel sheet thickness (0.5, 0.75, 1, 1.25 mm) is calculated using 

Eq. (2). 

𝑆𝑡𝑟𝑒𝑠𝑠 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 =  
𝑀. 𝐶

𝐼
(2) 

Here, M is the bending moment in (N. m), C is the translate 

stress distance from min. to max. which depend on cross 

section of sheet metal, and I is the moment of inertia also 

depend on cross section of sheet metal, therefore the unit of 

max. Bending stress is (Mpa). 

The previous studies specified that the auto desk inventor 

software is effective in simulating the sheet metal bending 

process and can be used to reproduce the theoretical results 

given in the above equations. Therefore, it will be employed 

in the current study. 

3. EXPERIMENTAL SETUP

3.1 Specimens preparation 

In the current study, mild steel sheets with different 

thicknesses (0.5, 0.75, 1, and 1.25 mm) were used to prepare 

the test specimens; the chemical composition of the sheets is 

given in Table 1 below. Eight specimens with dimensions of 

100 mm 50 mm (L×W) and different thicknesses were cut out 

of the steel sheet, as shown in Figure 3. Four of them were 

subjected to the annealing process while rectangular holes 

were cut along the bending lines of the other four specimens. 

Figure 4 displays the tensile test equipment employed in the 

current study as well as the test sample of sheet metal tensile.  

Table 1. The chemical components of sheet mild steel 

Fe% P% Mn% Si% C% 

98.7 0.16 0.54 0.2 0.17 

Figure 3. Mild steel specimen used in the experimental work 

Figure 4. (a) The tensile test equipment; and (b) Sheet metal 

tensile test sample 

4. RESULTS AND DISCUSSION

A tensile test was firstly performed to evaluate the mild steel 

stress-strain relation; the result of the test is shown in Figure 5 

below. The tensile equipment and sample are shown in Figure 

4. Then, the specimens were divided into two groups: in the
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first group, specimens were subjected to an annealing process 

for different intervals to reduce the ultimate tensile strength 

(UTS) and improve the ductility. In the second group, a 

rectangular hole was cut in the middle of the bending line to 

reduce the specimens’ bending line length. 

The annealing process was performed by heating the 

specimens in a furnace at 723℃ for two different periods (80 

minutes and 100 minutes), before they were cooled to enhance 

the ductility and tensile strength. The mild steel construction 

has a carbon ratio less than 77% or above eutectoid between 

723 and 1,100℃ for the interval time (80 to 100 minutes) and 

then cooling in the furnace to obtain steel with high ductility 

and suitable tensile stress. A tensile test was performed for 

each annealing period; the results revealed that the strengths 

were 168 MN/m2 and 145 MN/m2 for 80 minutes and 100 

minutes, respectively. The results presented in Figure 6 show 

the required bending force for different sheet thicknesses. 

Figure 7 show the relation between the bending stress and the 

sheet thickness at 80 and 100 minutes annealing periods, 

respectively. 

Figure 5. Tensile test result for mild steel sheet specimens 

Figure 6. Simulation of (0.5, 0.75, 1, 1.25mm) sheet mild steel thickness under bending load of air bending die 

(a)  (b) 

Figure 7. Bending stress and force for different steel sheet thickness, (a) after 80 minutes annealing; (b) after 100 minutes 

annealing 
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The other technique for reducing the required bending force 

is by reducing the length of the bending load line (Ls), as 

shown in Figure 8. According to Eq. (1), this may result in a 

reduction in the reaction stress subjected to a bending punch, 

which is due to the reduced area that is subjected to the 

bending. 

Figure 8. Mild steel sheet which is cut rectangular hole in 

middle of bending load 

The subjected bending force in Figures 9, 10, 11, and 12 has 

the same value as the bending force in Figure 6. 

Figure 9. Bending load 45N on sheet with rectangular hole 

on bending load 

Figure 10. Bending load 100N on sheet with rectangular hole 

on bending load 

Figure 11. Bending load 170N on sheet with rectangular hole 

on bending load 

Figure 12. Bending load 260N on sheet with rectangular hole 

on bending load 

Eq. (1) says that the amount of force needed to bend a sheet 

is proportional to the material's ultimate strength, the length of 

the bending line, and the square of the sheet's thickness. On 

the other hand, it is inversely proportional to the width of the 

die aperture. All these parameters were measured 

experimentally and implemented in Eq. (1), and the following 

outcomes were determined: It was found that as the sheet 

thickness increases, the required bending force and the spring 

back effect on the bending tool increase, as shown in Figure 

13. 

Figure 13. The effect of metal thickness on the forces and 

stresses bending 
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Table 2. The results of producing stress in every case 

Thickness 

mm 

 bending simulation without 

any treatment  

(MPa) 

 bending in annealing 

at 80min. 

(MPa) 

 bending in annealing 

at 100min.  

(MPa) 

 bending simulation with 

rectangular hole 

(MPa) 

0.5 170 155 141 20 

0.75 178.2 156 142 50.6 

1 184.5 158 143 68.16 

1.25 186.8 161 143.5 79.55 

The results revealed that at 0.75 mm sheet thickness, the 

developed stress was 180.6 MPa, which represents the 

maximum stress. Further, at 0.5 mm thickness, the stress was 

176 MPa, which signifies the minimum developed stress. 

However, at higher thickness (1.25 mm), the stress was 179.8 

MPa, which is below the maximum stress. This is attributed to 

the increase in bending tool temperature during the punch's 

movement along its path from point to point. This helps reduce 

the stress required for the bending process. 

Besides, Figures 6 shows the results of the stress analysis 

for the bending process using the force calculated in Eq. (1). 

The results show that the maximum stresses were at 1 mm and 

1.25 mm thickness, this confirms the above-mentioned 

observation with an 85% correlation factor. 

The annealing process is usually used to improve the 

ductility of mild steel before conducting the forming process. 

It is done in a furnace where the steel is heated to a certain 

temperature for a certain amount of time. This lowers the UTS 

and makes the steel easier to bend. 

Figures 7 illustrate the required bending force and the 

produce stress when the steel sheets are annealed for 80 min 

and 100 min respectively. For 80 min, the required bending 

force was 39-240N, and for 100 min the required force was 

24-225N. This indicates that the annealing process and the

annealing time have significant role in reducing the bending

force and the stress subjected of the sheet and the bending tool.

Figure 8 shows the mild steel sheet with a rectangular hole 

in the middle of the bending force line. The sheet was 

subjected to the same bending force given in Figure 9, Figure 

10, Figure 11, and Figure 12. The results show a significant 

reduction in maximum stress in the bending area to 20, 50.6, 

68.16, and 79.55 MPa for sheet thicknesses of 0.5, 0.75, 1, and 

1.25mm, respectively. This indicates that cutting a hole along 

the bending line may reduce the bending stress by up to 80%. 

The technique is applicable when the cut hole doesn't affect 

the final sheet's performance and utilization. The results Can 

be listed in Table 2, The table shows the producing stresses for 

every case and the annealing effect is low for comparison with 

normal case, and when the heating increased then the 

producing stress is low, while in sheet metals have rectangular 

hole will get good results, where the producing stress is low in 

sheet metal and in inverse direction bending tool. 

5. CONCLUSIONS

Due to the variety of engineering industries and production 

processes that use sheet metal bending, this study was 

proposed to investigate the potentiality of reducing the 

bending force required to bend mild steel sheet in an air die 

bending process. Different steel sheet thicknesses (0.5, 0.75, 1, 

and 1.25 mm) were considered in the study, and two 

techniques were adopted to minimize the bending force. The 

first is by using the annealing process, and the second is by 

cutting a rectangular hole along the bending line. The study 

has concluded with some interesting findings. 

Normally, increasing the thickness of the steel sheet 

increases the bending force; however, this is only true up to a 

certain point. Increasing the sheet thickness beyond this limit 

was found to reduce the required bending force, and this was 

attributed to the increase in temperature while the punch 

travels in its stroke in the bending process. The auto desk 

inventor software has been shown to produce acceptable 

results that correlate well with experimental data. 

Accordingly, the use of this software has been verified as a 

powerful technique in the production process. According to 

Eq. (1), the annealing process proved to provide a good 

reduction in bending force due to the reduction in the ultimate 

tensile stress and the ductility improvement. 

Moreover, the annealing time was reported to be an 

important factor that influences ductility development. 

Another technique to reduce the bending stress is to cut a 

rectangular or elliptical hole along the bending line. The hole 

contributes to reducing the required bending force; however, 

this method is controlled by the end product's design and 

utilization. 
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NOMENCLATURE 

UTS Ultimate Tensile Strength (Mpa) 

Ls Length of bending line (mm) 

T 

Wd 

The metal sheet thickness (mm)  

Width of air bending die (mm) 

M Bending moment (N.M) 

C The translate stress distance from min. to 

max 

I Moment of inertia (Kg.m2) 

Greek symbols 

 Bending Stress (Mpa) 
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