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1- Introduction

The processes of sheet metal forming consist of
mechanisms designed to induce plastic deformation for the
production of components with specific geometries.
Various processes, such as rubber pad forming, stamping,
incremental forming, hydroforming, and bending, have
been employed for the production of metallic components,
including bipolar plates made from steel and titanium
sheets, tube forming, dome-shaped components, conical
structures, and cubic shapes. Roll forming is another
example of sheet metal forming procedures used to
produce channel-shaped cross-sections, which is the focus
of this study. Due to the inherent bending nature of
deformation in roll forming and the development of
tension in the outer area of the bent region, fracture
becomes a limiting factor. Therefore, ensuring the
production of a flawless and defect-free part requires
establishing a safe range for process parameters. It is
essential to employ appropriate methods for predicting
failure in metal forming processes, particularly in roll
forming. Valuable research has been conducted in the
prediction of failure in roll-forming processes; however, a
crucial aspect in the discussion of damage distribution is
the generalizability of results across different forming
conditions. Considering the sensitivity of model accuracy
to the loading path in the process, it is imperative to
investigate the impact of roll-forming process parameters
on the loading path and deformation mechanics.
Furthermore, after establishing the generalizability of
results (evaluating changes in deformation mechanics and
loading conditions), the effect of process parameters on
damage distribution is examined, an aspect not addressed
in previous studies. Therefore, in this research, the Mohr-
Coulomb criterion was employed to predict failure in the
roll-forming process. Initially, the influence of process
parameters, including thickness, bending angle, and
bending radius, on deformation mechanics is investigated.
After ensuring the generalizability of results, the

progression of damage distribution and occurrence of
failure under wvarious roll-forming conditions were
explored.

2- Process modeling

Given the high capability of the modified Mohr-Coulomb
criterion in predicting failure behavior across a wide range
of stress conditions, this research employed the mentioned
criterion. Only half of the sheet and rollers were modeled

due to the symmetry of the cross-sectional surface. The
sheet was modeled in three dimensions as a deformable
structure, and the forming rollers at each station were
modeled as rigid-analytical to expedite the analysis
process.

3- Results

Based on the obtained results, variations in the mentioned
parameters within the investigated range in this study do
not exert a substantial impact on the stress state and the
position of the critical element. This finding confirms the
validity of the results derived from the failure criterion in
determining the damage value. Therefore, the impact of
parameters, such as bending radius, sheet thickness, and
bending angle on the damage level in the single-stage
roller forming process were examined using the Mohr-
Coulomb criterion. First, the effect of the bending angle on
the damage value was examined (Fig. 1). Three bending
angles of 15, 30, and 45 degrees were considered.
According to the obtained results, in all cases, the damage
value decreased with increasing the distance from the
roller center. In addition, in the range of 10-15 mm from
the roller center, the damage level rose significantly with a
steep slope. The influence of the bending radius on the
damage level is depicted in Fig. 2. According to the
obtained results, increasing the bending radius leads to a
reduction in damage, especially in regions close to the
central axis of the roller. The reduction in bending radius
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results in increased strain in the bending region, leading to
a rise in damage. Increasing the bending radius from 1 to
2.5 and 4 mm enables the production of a section with a
45-degree angle without experiencing failure in the single-
stage roller forming process. Moreover, the augmentation
of sheet thickness induces higher strain in the outer layer,
fostering an incremental progression of damage in the
bending region with increasing thickness. According to the
findings, at thicknesses of 2 and 2.5 mm, the damage level
surpasses the critical limit, with an associated increase in
the fracture length at a thickness of 2.5 mm (Figure 3).
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Fig. 1. Effect of bending angle on damage distribution based
on Mohr-Coulomb criterion

Radius= 1 (mm)

~— — Radius= 4 (mm)

= = =Radius= 2.5 {mm)

Process parameters:
Bending angle = 45 (deg.)
Thickness = 2 (mm)

—_——

0 5 10 15 20 25 30 35
Distance from center of roller (mm)

Fig. 2. Effect of bending radius on damage distribution
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Fig. 3. Effect of sheet thickness on damage distribution
based on Mohr-Coulomb criterion

5- Conclusion

The results indicate that a decrease in the bending angle
leads to a reduction in damage throughout all regions
(along the bend line). In addition, an increase in the
bending radius results in reduced damage, particularly in
regions close to the roller's central axis. Conversely, a
decrease in the bending radius leads to an escalation in
damage due to increased strain in the bending region.
Moreover, the investigation reveals that augmenting sheet
thickness causes a gradual increase in damage in the
bending region with escalating thickness. Decreasing the
sheet thickness to 1.5 mm allows for the production of a
section with a 45-degree angle without encountering
failure in the single-stage roller-forming process.
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Formability Study in Roll Forming Process: Insights into the Influence of Process Parameters
on Damage Distribution

Hossein Talebi-Ghadikolaee Hassan Moslemi Naeini Vahid Zal Farzad Ahmadi Khatir

Abstract In this study, the phenomenon of ductile fracture in single-stage roll forming processes was investigated. In
this regard, the fracture behavior of the 6061-T6 aluminum alloy was examined using the Modified Mohr-Coulomb
fracture criterion. Subsequently, the calibration of the fracture criterion was carried out using a combined experimental-
simulation approach. The roll forming process was modeled using finite element analysis, and the fracture criterion was
implemented within the appropriate subroutine of the finite element simulation. According to the results, the Modified
Mohr-Coulomb criterion with a 4.47% error capability could predict the onset of fracture in the single-stage roll forming
process. Considering the sensitivity of the damage distribution accuracy to the stress state during the process, the effects
of process parameters including thickness, bending angle, and corner radius on the triaxial stress parameter were
investigated. The results indicate that these parameters do not have a significant impact on the triaxial stress parameter,
and its average value remains within the range of 0.057 throughout all cases. Therefore, the fracture prediction results
obtained with this criterion can be extended to other roll forming scenarios. Based on this, the influence of process
parameters on damage and fracture during the roll forming process was examined. According to the results, an increase
in sheet thickness and bending angle leads to an increase in damage, while an increase in the corner radius results in a
reduction in damage area and a delayed occurrence of fracture during the process.

Key Words Roll forming, ductile fracture, stress state, deformation mechanics.
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