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The cold roll forming is one of the common processes to form metal
profiles in the industry. Due to the nature of the bending deformation
in cold roll forming process, spring-back is one of the main resulting
defects. In order to compensate the spring-back, the amount of spring-
back must be correctly predicted. In this article, the effect of the hole
and its position on the spring-back was investigated by experimental
and numerical methods. Three channel section profiles made of St12
and thickness of 1 mm, without hole, with circular holes on the bend
area and holes on the flange were used. Cold roll forming was carried
out in three stations with a fixed bending radius pattern and 15
degrees bending in each forming station and numerical solution using
Abaqus finite element software. The results indicated that there is a
relationship between the amount of spring-back and the position of
the hole in such a way that the amount of spring-back in hole on the
bend area profile was 9% more than the hole-less profile and in hole
on the flange profile was 16% less than hole-less profile. Additionally,
according to finite elements results, it was observed that the amount
of equivalent strain in the bend area of the profile with holes on the
bend area was 20% less and in the profile with holes near the bend
area was 16% more than the profile without holes, which can justify
the difference observed in the amount of spring-back.
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EXTENDED ABSTRACT

Introduction

Cold roll forming is one of the forming methods in the industry, which has many
advantages, including cost and suitable production speed, compared to other forming
methods for producing profiles from metal sheets. In order to produce profile parts with
proper accuracy and quality from the point of view of dimensional accuracy and physical
health of the production profile, the common defects that occur in this forming method
should be controlled as much as possible. One of the defects that must be considered in all
the different processes of sheet production and shaping and its influence on the accuracy of
the final profile cannot be ignored, is spring-back.

According to the research background, no study has been carried out regarding the
prediction of spring-back for pre-punched profiles produced by cold roll forming method.
It was essential to conduct research on the effect of the existence of a gap and its location on
the amount of spring-back in the pre-punched profiles to fill this research gap and complete
the work thus far carried out in this field. In the present research, the effect of hole and its
position on the spring-back of the profiles produced by the cold roll forming method was
investigated experimentally using finite element software

Methodology

ST12 sheet with a thickness of 1 mm was used for the roll forming process. In order to
investigate the effect of hole on the amount of spring-back in the cold roll forming process,
a flower pattern shown (Figure 1) with a channel-shaped section with three forming
stations was experimentally considered.

Figure 1. Flower pattern of experimental tests

In order to investigate the effect of the presence of the hole and its position relative to
the edge of the profile, three samples were used. The first sample was hole-less, the second
sample had circular holes in the center of the profile bend area, and the third sample had
circular holes on the profile flange near the bend area. The three studied samples are shown
in Figure 2. In the rest of the article, the first sample is denoted as without holes, the second
sample on the bend and the third sample near the bend.
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Figure 2. Samples of cold roll forming tests a) without holes b) near the bend c) on the bend

Results and discussion

The experimental spring-back amount was obtained by obtaining the difference of the
average angle from three sections for each station with the ideal angle value. Figure 3 shows
the amount of spring-back for three hole positions in three forming stations. By looking at
the diagram, three points can be recognized: 1) the amount of spring-back in the third
forming station for all three models was lower than the previous two stations; 2) the
amount of spring-back was based on the position of the hole on the bend model, without
holes and near the bend model; and 3) on average, the amount of spring-back in on the bend
was 9% greater and near the bend 16% lesser than the without holes.

Material :ST12
Thickness: 1 mm
Hole diameter: 15mm
Holes distance:35mm
Bend radius: 2mm
Sheet width:85mm
Sheet length:1200mm
Station distance:
395mm
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Figure 3. Experimental spring-back results in three stations

In order to study the difference in the amount of spring-back in the three hole positions,
the equivalent plastic strain values of the elements in the bend area along the formed
profiles were drawn according to Figure 4. The higher values of the plastic strain in the case
of near the bend, which was approximately 16% greater than the without holes, indicated
the decrease in the elastic area and the increase in the plastic area in the bend area of this
profile. As a result, the less elastic area in the near the bend profile can be expected to have
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alower spring-back than the other two profiles. In addition, the amount of equivalent plastic
strain in the bend area of the on the bend profile was approximately 20% lower than the
without holes profile, which was the reason of the higher spring-back in this profile
compared to the profile without holes as explained in the previous paragraph.
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Figure 4. Experimental spring-back results in three stations

Conclusion

In the current research, the effect of the presence of hole and its position in the profiles
produced by cold roll forming process on the amount of spring-back was investigated
numerically and experimentally. The results of the simulation performed using the Abaqus
finite element method were validated using the experimental results. The results showed
that there is a correlation between the amount of spring-back and the position of hole in
such a way that the amount of spring-back in the profile with a hole in the bend area was
9% greater than the hole-less profile and in the profile with a hole near the bend area was
16% lesser than hole-less profile was obtained. The obtained results showed that the
presence of hole, according to its position from the edge of the profile, can decrease or
increase the amount of spring-back in the profile formed by the cold roll forming method.
Based on the numerical data, the amount of equivalent plastic strain in the bend area of the
on the bend area model was 20% less and in the near the bend area model was 16% more
than the without holes model. This will cause a decrease in the elastic area along the
thickness of the profile and as a result, a decrease in the amount of spring-back for the on
the bend model compared to the hole-less profile.
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