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The increasing use of high-strength steels in sheet metal automotive parts usually brings about the springback
problems that can not be easily solved, compared to stamping the parts of conventional steel grades. Prediction
and compensation of springback at the design stage is very important from both, the academic and the industrial
perspectives. For this purpose, finite element analysis and simulative tests are used to understand formability
properties of the material. In this study, springback behaviour of high-strength steels was investigated. Angular
channel forming process is used as a simulative test with the DP600, DP1000, and DP1400 materials. Channel
forming die tools were designed using a shallowly curved geometry for investigating springback behaviour of ma-
terials. Die tools were manufactured and forming process was performed at a hydraulic press machine. Sample
surfaces were scanned using optical scanning. Then, experimental springback surfaces were compared with refe-
rence geometry by shape deviation analysis. It is observed that springback amount of DP1400 is much greater
than those of DP600 and DP800 steels. The DP600 steel has minimum springback amount in the flange region
and it has shown the smallest deviation from the reference forming surface, as a result of shape deviation analysis.
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1. Introduction

Sheet metal forming processes have been widely used
in mass production, especially in automotive and related
industries. The increasing use of high-strength steels in
sheet metal parts, however, brings about the formabi-
lity and shape distortion problems that can not be easily
solved, compared to stamping processes involved with
conventional, highly formable steel grades. Today, finite
element (FE) simulations are generally used for determi-
nation of the process parameters and for modelling mate-
rial behaviour [1–6]. The process design approaches, ba-
sed on FE simulation techniques, have experienced simi-
lar difficulties with high-strength steel applications and
their effectiveness has been questioned, in particular for
springback predictions [7, 8]. Thus, the determination
of the amount of springback and making desired com-
pensations at design stage of the stamping processes is
important from both, the academic and the industrial
perspectives.

Simulative tests are generally used for determining the
springback behaviour of materials [9–13]. These tests
convert the complex processes into simple bending, for-
ming or cutting problems. V die bending, U-bending or
angular bending tests are some simulative tests, which
are commonly used for investigation of the springback
behaviour [14–16]. High strength steels show complex
springback behaviour, compared to conventional steel
grades [17].
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In this study, it is aimed to determine the springback
behavior of higher grades of dual phase (DP) steels. For
this purpose, angular channel forming process is used to
determine springback behaviour of DP600, DP800, and
DP1400 steel grades.

2. Materials and methods

Angular channel forming process is used as a forming
operation. This simulative test is generally used for de-
termining springback behaviour of materials, due to its
shallowly curved geometry. This process takes four die
tools, which are the die, the punch, the blank holder, and
the sheet metal (blank). Figure 1 shows the die tool sur-
faces of angular channel forming process. DP600, DP800,
and DP1400 steel grades were used as the material un-
der study in experimental investigations. As a first stage
of study, the angular channel forming die tools were de-
signed and manufactured (Fig. 2). A CNC vertical ma-
chining center was used for die tool manufacturing, and
the manufactured die tools were assembled to use in a
hydraulic press for forming operations.

Fig. 1. Die tool surfaces of angular channel forming
process.
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Fig. 2. (a) Die tool design. (b) Manufactured and as-
sembled die tools.

2.1. Experimental study
As a first stage of experimental study, sheet metal

blanks were cut to a size of 190 × 40 mm2, by cutting
DP600, DP800, and DP1400 sheets with thicknesses of
1.8, 3.2, and 1.2 mm, respectively. Then, blanks were
placed between the die tools and the forming operati-
ons were performed under the 30 kN blank holder force.
Samples are shown in Fig. 3.

Fig. 3. Samples after forming operation.

2.2. Shape deviation analysis
Springback is not the only reason of the shape dis-

tortion problems. Die elasticity, rigidity of the press
machine, assembly processes or dimension factors cause
shape distortion problems. However, it is very difficult
to determine these parameters and it is known that the
action of springback on shape distortion is more effective
then the action of these parameters. Industrial tolerance
band is used at comparison of surfaces to eliminate these
effects, with the exception of the springback. For this re-
ason, samples were scanned using an optical scanning sy-
stem for comparison and for determination of the spring-
back behaviour of the materials. Then, springback sur-
faces were compared with the reference forming surface.
2-D sections of samples are shown in Fig. 4, and an ex-
ample of the result of shape deviation analysis is shown
in Fig. 5 for DP600.

Fig. 4. Comparison of the 2-D section of all samples.

Fig. 5. Shape deviation analysis of DP600 material.

3. Conclusions

Results of the shape deviation analysis show that
DP1400 has the maximum amount of springback. Maxi-
mum springback amount, obtained for DP600, DP800,
and DP1400 steels, was 0.47 mm, 3.73 mm, and
12.57 mm, respectively. Higher grades of DP steels have
shown a more complex springback behaviour. The results
of shape deviation analysis for all materials are shown in
Table I.

TABLE I

Results of shape deviation analysis for all investigated
materials.

Material
Shape deviation

[%]
Maximum springback

[mm]
DP600 92.48 0.465
DP800 62.88 3.373
DP1400 46.08 12.573
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