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Springback, Sheet materials, which are commonly used in sectors such as automotive and
Sheet metal, whitewares, are usually formed by applying bending operations. The most important
V-bending problem encountered in bending processes is springback. Springback problem

arising from elastic behavior of the material complicates the assembly of
manufactured part due to dimensional differences and causes financial loss. For this
reason, it is required to properly estimate the springback behavior to provide the
dimensional integrity and cost savings of the shaped parts as a result of the bending
operations. In this study, the springback behavior of DC series sheet metals forming
by V bending was experimentally investigated the different process parameter of
material quality, thickness, rolling direction and die angle. The sheet metals have the
quality of DCO1, DC04 and DCO05 and the thickness of 1, 1.5 and 2 mm. The V-
bending dies have 60, 90 and 120° angles. From the experimental studies, it is seen
that the behavior of springback changes depending on the die and the process
parameters.

1. INTRODUCTION

Sheet materials have been widely used in many fields such as automotive, aerospace, whitewares, machinery
manufacturing, and construction area. Sheet materials are generally used after the application of various
manufacturing processes such as deep drawing, bending, drilling, cutting, etc. The bending being one of these
processes has different method such as V bending, U bending, edge bending and free bending. Bending of sheet
metal is a common and vital process in manufacturing industry. Sheet metal bending is the plastic deformation of
the work over an axis, creating a change in the part's geometry. Similar to other metal forming processes, bending
changes the shape of the work piece, while the volume of material will remain the same. In some cases, bending
may produce a small change in sheet thickness. The bending process is a process in which material is shaped
around an axis without waste removal process by heating or without heating material.

Various failures might be encountered in bending process due to material properties and manufacturing.
Measurement errors are one of these. Common error experienced in bending process is springback. By removing
exerted force, the material tries to return the original state and partially elongates. Springback results from elasticity
behavior of material is defined as the difference between bending angle of bended material and the true bending
angle of material after it is processed. Springback is a processing problem consisted of many variables such as
mechanical and chemical properties of sheet metal, processing factors, and dimensional parameter [1]. Springback
brings about some troubles in installation of sheet metals and the installation of the material part has not been able
to achieve properly. This means the disposal of the part to scrap, financial loses, and an increase in cost of product.
Thus it is very significant to pre-estimate springback and its control in order to eliminate or to reduce problem
experienced during installation, to ensure exact dimension in terms of decreasing cost of die and manufacturing
low-cost parts. For obtaining intended angle after bending and shaping of sheet metal, springback should be
compensated. Many methods are benefited to compensate the springback problem. There two fundamental
methods, mainly numerical and experimental, in investigating bending and shaping sheet metal. The results
provided by experimental methods forms true data.

In literature, some studies on springback behavior in V bending process have been taken into consideration. Zhang
et al. investigated the amount of springback due to V-die bending process of three different materials mainly steel,
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brass, and copper by carrying out a series of experimental studies [2]. Esat et al. numerically and experimentally
investigated springback of aluminum having different thicknesses using different angled die and concluded that
the springback was decreased for the materials [3]. Yanagimoto et al. performed a serial of hot and mild shaping
experiments of sheet metal on high strength sheet metals and analyzed the effects of working temperature on
shaping [4]. Garcia-Romeu researched springback behavior due to free V bending by tensile tests of stainless steel
and aluminum sheet metal [5]. Tekaslan et al. designed a V die in order to determine the amount of springback
and determined how much sheet metal with thicknesses of 0.75 mm can elongate at different angles [6]. Bakhshi-
Jooybari et al. examined the influence of springback test parameters (thickness, punch type radius, anisotropy,
etc.) on V and U bending operations [7]. Osman et al. suggests a methodology for the prediction of springback
ratio in V-die bending. They develop theoretical model for air bending using true strain and neutral fiber position
that satisfy continuity of the radial stress [8]. Isiktas designed a V-bending die in order to determine the amount of
springback of DKP and stainless sheet materials in different thickness and different die angles [1]. Kim and Lee
analyzed the effects of remained austenite phase on springback of cold rolled TRIP steel sheet through a serial of
V-bending tests [9]. Otu and Demirci studied the effect of pre-stress on springback bending AA5754 and A11050,
aluminum sheet materials, in V die with 60° [10]. IvaniSevi¢ et al. focused on three different steel materials for the
analyses of springback phenomenon in the V-bending operation and the stress state in the bending zone [11]. Aslan
and Ibrahim evaluated and researched on the studies of springback problem in the V bending process [12]. Singh
and Kumar looked into springback using effect of process parameters such as wall angle, tool diameter and step
depth in the experiments conducted on AA 1200 H14 aluminum alloys [13]. The springback behaviors of high
strength steel sheet materials in DP600, DP1000 and DP1400 qualities were investigated by Esener et al. [14].

According to results mentioned above, it has been predicted changing die angle depending on the amount of
springback in order to decrease springback. For this purpose, springback graphics obtained by experimental
studies is very beneficial. However, these kind of graphics in literature have been available for limited materials.
In this study, a serial of experimental studies to determine springback behavior of sheet materials were conducted
out under different process parameters.

2. MATERIAL and METHOD

In the study, the effect on the springback behavior of different process parameters in V-die bending process was
experimentally investigated. The V-die bending experiments were carried out depending on the different process
parameters such as quality of sheet metal, sheet metal thickness, rolling direction and die angle. The bending
process parameters were given in Table 1.

Table 1. Parameters used V-die bending process

Process parameter Parameters
Material DCO01, DC04, DC05
Thickness (mm) 1, 1.5, 2
Rolling direction Parallel, Perpendicular to rolling direction
Die angle (°) 60, 90, 120

DCO01, DC04 and DCO5 sheet steel qualities are suitable for bending, drawing and deep drawing and cold forming
operations. These products are used in all applications requiring strength, durableness and forming in automotive,
durable household appliances, kitchenware, radiator sectors. The mechanical properties of DC01, DC04 and DCO05
sheet metals used in this study were given in Table 2, while their chemical compositions were given in Table 3.

Table 2. Mechanical properties of sheet materials
Material Maximum Tensile Stress (MPa) Yield Stress (MPa)  Strain (%)

DCO1 345 254 28
DCo4 311 177 38
DCOS5 297 148 40

Table 3. Chemical compositions of sheet materials

Material C Mn P S

DCO5 0.060 0.035 0.025 0.025
DC04 0.080 0.040 0.030 0.030
DCO1 0.120 0.600 0.045 0.045
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The punches and dies used in V-die bending process were manufactured in the different dimensions from St37
steel material as shown in Figure 1. Samples of sheet experiment were cut to have size of 90x45 mm considering
rolling direction. For each case, the bending experiments were performed three times. The bending process was
continued until the distance between punch and die reached to the thickness of sheet material. The distance between
punch and die should be the same as the thickness of sheet material to no effect springback behavior by crashing
sheet material. As soon as the punch arrived the last point the load exerted on sheet was removed.
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Figure 1. Dimensions of punch and die used

After the V-die bending experiments were carried out, the amount of springback in sheet metal was measured by
determining how much deviation from die angle occurred. The bending angles of the samples were measured by
using a digital goniometer.

3. RESULTS

The V-die bending process was applied at 60, 90 and 120° die angles to the samples both parallel and to
perpendicular the rolling direction (Figure 2).

Parallel to rolling Perpendicular to rolling
direction (0°) direction (90°)

Figure 2. Illustration of rolling direction

The amount of springback in DCO5 steel sheet metal was shown in Figure 3. The springback happen as positive at
die angles of 60° for all thicknesses and all rolling parameters, and the samples shown an opening out trend. At
90° die angle, the springback behavior at sheet metal thicknesses of 1 and 1.5 mm realized in the direction of
positive (+), while it was negative (-) at 2 mm thickness. At 120° die angle, the springback behavior for all thickness
of the material was negative, meaning that the DCO5 sheet metal tended to close. The highest value of springback
was observed in DCOS5 sheet metal with 1 mm thickness and 60° die angle, while the lowest springback value was
observed at 2 mm thickness and 120° die angle.
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Figure 3. Springback behavior in DC0S5 sheet metal
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The springback behavior in DC04 sheet metal is seem in Figure 4. From Figure 4, the springback values for all
thickness and both roll directions at 60° and 90° die angles have been realized in the positive direction, indicating
that the material tends to open. At the die angle of 120° and the sheet metal thickness of 1 mm, the springback
occurred in the positive direction, while it occurred in the negative direction at the thickness of 1.5 and 2 mm. The
springback behavior in the DC04 sheet metal with 1.5 mm thickness was the negative direction, it can be regarded

as "0" because it is very close to zero.
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The effect on the springback behavior of the different die angles in the V-die bending tests of DC0O1 sheet material
is shown in Figure 5. The springback occurred in the positive direction for all die angles, sheet thicknesses and
rolling directions and showed an opening out tendency. The springback values of the bending samples in the die
angle of 60° were bigger than that of the bending samples at the die angles of 90° and 120°. The lowest springback
value of DCO1 sheet metal was obtained in the samples bended at 120° die angle. The highest springback value
was obtained in the sample with 1 mm thicknesses, while the lowest springback value was obtained in the samples

Figure 4. Springback behavior in DC04 sheet metal

with 2 mm thicknesses.

Springback(®)

DCO01 (rolling direction 90)
’\\\
4 \\\\
T
3 e
A RSN
2 A *
\\\\\‘
1 A
60 90 120
Bending Angle (°)
--¢--lmm --@--1.5mm --4--2mm

Springback(®)

DCO1 (rolling direction 0)

4 .
... e

3 \~.\ \\~\
Ao

2 AT

\\\:.

: A

60 90 120

Bending Angle (°)

--¢--lmm --@-15mm --A--2mm

When Figure 3, Figure 4 and Figure 5 were analyzed, it was seen that the amount of springback decreased with
the increasing die angle [15]. While the highest springback value was obtained at the die angle of 60°, the lowest
value was also obtained at the die angle of 120°. For example, the springback values in DCO1 sheet material with
1 mm thickness at 60°, 90° and 120° die angles were measured as 4.4°, 3.53° and 2.23°, respectively. The reason
of the decrease in springback with the increasing die angle can be explained by the decrease in elongation and
deformation occurred on the outer face of sheet metal [15]. In Figure 6, the dark sections show the deformation

Figure 5. Springback behavior in DCO1 sheet metal

regions and these regions were reduced from 60° to 120°.
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Figure 6. The deformation regions

It was clearly seen in from Figure 3 to Figure 5 that the amount of springback decreased, when the thickness of
sheet metal was increased [16-18]. While the highest springback value was obtained in the sample with | mm
thickness, the lowest springback value was obtained in the sample with 2 mm thickness. In the bending process of
DCO04 sheet metal chosen to be perpendicular to rolling direction, the springback values were measured as 2.48°,
1.54° and 1.15° in samples having thicknesses of 1, 1.5, and 2 mm, respectively. Moreover, the results are in good
agreement with the inverse proportionality between springback and thickness (K=R/t) [10]. The reason of the
decrease in the springback with together the increasing sheet thickness can be stated as the decrease in the remained
tensile occurred in the bending region [19]. Forming Limit Diagrams (FLD) are the most appropriate tools to
characterize the formability of sheet metals. FLDs rises, the formability improves and the amount of springback
decreases, when the thickness of sheet material is increased [20].

It was seen that springback results are almost same in the bending process parallel and perpendicular to the rolling
direction under same conditions in the sheet metals used in experiments. Therefore, the results in the bending
perpendicular to the rolling direction were only considered in the interpretations given below. For example, in the
bending process in DCO5 sheet metal with 1 mm thickness at 60° die angle, the amount of springback was
determined 1.17° for the perpendicular case and 1.15° for the parallel case.

In the bending perpendicular to the rolling direction at the sheet metal with 1 mm thickness, the effect of material
quality on springback behavior was indicated in Figure 7.
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Figure 7. Springback behaviors in DC01, DC04 and DCO5 sheet metals

The highest springback behavior was observed in DCO1 steel sheet metal as shown in Figure 7, while the lowest
springback behavior was observed in DCO5 sheet material. The reason of this is that the yield strength of DC01
sheet metals is higher than that of DC0S5 sheet metals (Table 2). From Figure 7, it was seen that the higher yield
strength materials exhibited the higher springback behavior and the lower yield strength materials exhibited the
less springback behavior [1,6,21-23]. DC04 and DCOS5 sheet metals showed almost the same springback behavior
due to their similar mechanical properties. Although DCO1 sheet metal is also in the DC group, its springback
value was higher than that of DC04 and DCOS5 sheet metals.

4. CONCLUSION

In this study, the springback behaviors of the sheet metals of DC01, DC4 and DC05 were determined depending
on the process parameters in the V-die bending. The findings obtained from this study are as follow:
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v The springback decreased with the increasing die angle. This case was explained by the decrease in the
elongation and the deformation formed on outer surface.

v' The springback behavior changed depending on the material quality. While the springback in the sheet metals
with the low yield strength rarely occurred, it was generally occurred in the sheet metals with the high yield
strength.

v' The springback decreased with the increasing sheet thickness. Moreover, this case verified that the springback
is inversely proportional to the thickness (K=R/t).

v The springback results was almost same in the bending process parallel and perpendicular to the rolling
direction under same conditions in the sheet metals used in experiments

v" Designers can compensate the springback problem in the V-die bending process by fixing dies in opposite
direction as much as the springback value determined by experiments during the designing.

Note

This study was presented and reconstructed as an oral presentation at the 2" International Conference on Advanced
Engineering Technologies ICADET 2017) held between 21-23 September 2017 in Bayburt-Turkey.
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