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Abstract
The application of advanced high strength steel ( AHSS) has an important significance in the

development of the lightweight of automobile, but the parts made of AHSS usually have defects,

such as fracture and large amount of springback, etc. In this paper, a model of multi-pass roll form-
ing and springback process of AHSS is established with finite element software ABAQUS. Then a roll
forming experiment is performed, and simulation and experimental results have been compared and

analyzed. The model is established under complex contact conditions, including self-contact condi-

tion. The results shows that during the process of sheet bending, large Mises stresses appear at ben-

ding corners. The smaller the bending radius is, the larger the Mises stress and strain are. Thick-

ness of sheet metal changes differently if the bending radius is different. When the bending radius

exceeds a certain limit, the change tendency of the sheet thickness turns from increase to decrease.
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0 Introduction

The yield strength of advanced high strength steel
(AHSS) is 500MPa to 1500MPa, in which AHSS has
a very good energy absorption performance, it plays an
important role in the improvement of lightweight and
security of automobiles, and has been widely used in
automotive industry. AHSS is good at lower yield ratio,
better strain distribution capacity, and higher strain
hardening characteristics than other kinds of steel. The
mechanical properties of AHSS is more uniform, so the
fluctuation of springback value is small. The collision
characteristics of AHSS is better, fatigue life is higher,
so thickness of the steel could be reduced by using
AHSS'.

Lots of parts used in cars can be manufactured
through the process of roll forming, which is a kind of
sheet metal forming process, and a combination of ge-
ometry, kinematics, dynamics, material science, and
many other aspects, which makes roll forming a strong

empirical technology'?’.

At the present stage, the de-
sign of rolls depends on the experience of designers.
Finite element analysis (FEA) uses numerical method
to simulate the real physical system, which is of high

accuracy and cost saving. Applied to the roll forming

technology, FEA can help researchers replace experi-
mental verification with numerical simulation. With the
help of numerical simulation, it can be seen that some
physical phenomena inside the material cannot be seen
through experiment. Finite element analysis is an ef-
fective method"’.

Many researchers have done a lot of studies on the
FEM simulation of roll forming. In foreign countries,
Ref. [4] simulated the roll forming process based on
the finite element method, and they found a method
that possible minimized occurrence of the edge buck-
ling during the forming process. Ref. [5] showed that
the roll gap had the largest effect on both the longitudi-
nal bow and springback. Ref.[6] indicated that the
simulation model could well reflect the real forming
process, which is of great help to understand flexible
roll forming process. In China, Ref. [7] found a way
to reduce the appearance of flange edge-wave.
Ref. [ 8] established the first FEM model of the local
heating roll forming. Ref. [2] showed that the finite
element simulation agreeds well with the experiments.
Ref. [9] showed that the extreme value of equivalent
plastic strain mainly appeared in the corner of contact
area between the metal strip and the rolls. The studies
above mostly aimed at the analysis and solution of the
defects in roll forming process, but they did not pay
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much attention to the forming part after the residual
stress was completely released. In this work, a roll
forming process model of dual phase steel DP980 is es-
tablished, and it is the first to analyze springback of
the formed parts, and study the defects after forming.

The springback analysis is performed with
ABAQUS/Standard using the * IMPORT option. The
results from the forming simulation in ABAQUS/Ex-
plicit are imported into ABAQUS/Standard, and a stat-
ic analysis calculates the springback. During this step
an artificial stress state that equilibrates the imported
stress state is applied automatically by ABAQUS/
Standard and gradually removed during the step. The
displacement obtained at the end of the step is the spri-
ngback' "’

In this work, the roll forming and springback
models of DP980 are established in finite element soft-
ware ABAQUS. The bending angle of the target part is
large, the degree of deformation is great, so the self-
contact and refined steps are adopted. Finally, the
simulation results and the experimental results are com-
pared and the mechanism of forming is analyzed theo-
retically.

1 FEM modelling

This set of rolls includes 13 passes, the assembly
of roll forming process in ABAQUS is shown in Fig. 1,
and the cross-section profile of each pass is shown in

Fig.2. The blank size is shown in Fig.3, and the

cross-section profile of the target part is shown in

Fig.4. Since the cross-section profile and the force of
the sheet during forming keeps symmetrical, only half
of the sheet is modeled. The material property of sheet
is listed in Table 1. The roller stand distance of the as-
sembly is 250mm, the sheet thickness is Imm, and the
roll gap is 1mm, the whole distance of the model is
3700mm. It can be seen from Fig.4 that the edge of
the sheet bends, folds and contacts itself after forming,
so self-contact is needed in the model. In order to fa-
cilitate the modification of parameters in the model, an
analysis step is set between every two adjacent passes.
A sole analysis step is set when self-contact occurs, a
total of 13 analysis steps is established. As displace-
ment boundary conditions are applied, the sheet moves
along the roll forming line while the rollers are fixed.
Three corners can be seen through the cross-section
profile of the target part shown in Fig.4, all the fillet
radius of which are small. In order to reflect the de-
formation of the fillet part accurately, the mesh here is
refined. Shell element S4R with reduced integral unit
is used to build the sheet model.

Methods used to improve the calculation precision
and reduce the calculation costs in the model are listed
as follows:

The contact relations between rollers and sheet in
one analysis step are established only when the contact
occurs in this step. If the contact does not occur or the
sheet leaves the rollers of this pass, the contact rela-
tions are released, as shown in Table 2. The calcula-
tion time can be reduced by 60% by doing this. That
is why the analysis steps are refined.

8800000000085

Fig.1 The assembly of roll forming in ABAQUS
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Fig.2 The cross — section profiles of each pass

Table 1 Material properties of sheet
Density (g/cm’) Elastic Poisson’ s Ratio Yield Tensile
Modulus( MPa) Strength ( MPa) Strength ( MPa)
7.8 210000 612 1168
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Fig.3 Dimensions of blank sheet (unit; mm)

Fig.4 Objective cross —section profile (unit; mm)

The models of rollers are established with analyti-
cal rigid body, there is no need to mesh them, and the
number of the element in the model is reduced.

Mesh in the forming area and fillet area is re-
fined, and others that are not stress concentration areas
can be meshed relatively rough. The mesh effect is
shown in Fig. 5, as the sheet is so long that only part of
it is presented. The total number of the sheet elements

1s 12300.

Fig.5 Refined mesh of sheet

Table 2 Explanation of the interaction during sheet forming (“\/” means the contact is established)
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The database file of the model above is imported
into ABAQUS static implicit algorithm as predefined
field of the resilience model to calculate the springback
of the sheet after forming. The cross-section profile of
the sheet after springback and the cross-section profile
before are compared, as shown in Fig. 6. It is shown
that the springback mainly occurs in fillet area E, and
the sheet bends downward, the springback angle is on-
ly 1. 72°. 1t is because the bending radius is small,
and it is 2. 6mm. Part of the material here experiences
plastic deformation. The bending radius of fillet area D
is 1. Omm and the sheet here folds completely, there-
fore almost all the material here enters plastic deforma-
tion. The springback here is small, and the springback
angle is 0. 18°. The bending radius of the fillet area
where F locates is 2. 2mm, the shape here after spring-
back coincides with the shape after springback as can

be seen from the graph. Though the bending radius of
area F is large, it has to undergo larger longitudinal
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Fig.6 Comparison of cross-section profiles before

and after springback
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tension than other fillet areas every time the sheet pas-
ses through the rollers of one pass, which is different
from the pure bending stress state of area E. It is great-
ly constrained during the springback of the sheet, so
the springback value is small. It can be concluded that
the smaller the bending radius is, the smaller the spri-
ngback amount.

2 Result and analysis

The Mises stress distribution and the final cross-
section profile of the formed part are shown in Fig.7,
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and the final cross-section profile of the test specimen
is shown in Fig. 8. Measure the cross-section profile
coordinates of the formed part, and then compare it
with the graph made from the cross-section profile coor-
dinates extracted from simulation, as shown in Fig.9.
It can be seen that they coincide with each other in
general. As the sheet model is built with shell ele-
ment, the gap of contact area seems larger. In fact,
the cross-section profile of the formed part is basically
the same with the cross-section profile of the finite ele-
ment simulation, which also verifies the feasibility of
this finite element model.

Fig.7 The Mises stress contour of final cross-section profile in simulation (unit; MPa)

Fig.8 The final cross-section profile of the formed part
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Fig.9 The comparison of two cross-section profiles

As shown in Fig.7, the Mises stress mainly con-
centrates on the fillet area where self-contact occurs,
and the maximum Mises stress also occurs here. Pick a
node from each of the three fillet areas from front sheet
marked as A, B, C, as shown in Fig. 10, and compare
their stress values. The Mises stress of these 3 nodes
during roll forming is shown in Fig.11. In order to

have an easier observation, the comparison focuses on
the self-contact analysis step. At the end of sheet form-
ing, the Mises stress of nodes that locates in where the
radius of fillet are 2. 6mm and 2. 2mm is small, which
is less than 612MPa, the yield strength of high strength
steel (HSS). And the Mises stress of node that locates
in where the radius of fillet is 1. Omm is large, it is
close to 1300MPa, which is larger than the yield
strength of HSS, the sheet enters into plastic deforma-
tion state.

Fig.10 Position of the three nodes
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Fig.11 Mises stress curves of nodes changing with time
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During the bending forming process of the sheet,
the outside of the sheet bears tension, and the inside of
the sheet bears compression, which will inevitably lead
to the thickness difference in different areas of the
sheet. The thickness contour of simulation is shown in
Fig.12. Take the same three nodes as above, and
compare the thickness values extracted from these
nodes as shown in Fig.13. As can be seen from
Fig. 13, after 0. 2s of the analysis time, the thickness
of node B and node C tends to be stable, but thickness
of node A remains fluctuating. That is because the cor-
ners around B and C are bended earlier, while the cor-
ner around A is bended later according to the forming
process design. Thickness of node A becomes stable
after the last pass, and the final thickness value of
node A is 1. 044mm. It means that in the bending
forming process, the thickness of sheet varies different-
ly with different bending radius. The thickness of sheet
reduces in the areas where the fillet radius is 2. 2mm
and 2. 6mm. The smaller the bending radius is, the
larger the reduction of thickness is. The area where the
fillet radius is 1. Omm is extruded by rollers greatly,
which leads to the accumulation of material, so the
thickness of this area increases slightly.
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Fig.12 Thickness contour of sheet after forming (unit; mm)
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Fig. 13 Thickness curves of nodes changing with time

Equivalent plastic strain contour is shown in
Fig. 14. Tt can be seen that in the width direction of
the sheet, the plastic strain of center area is small,
large strain occurs in the fillet areas, and the largest
plastic strain appears in the area of minimum fillet ra-
dius. In the length direction of the sheet, the equiva-
lent plastic strain has zonal distribution obviously, and
the plastic strain of bending areas is larger than the
non-deformation area. Extract and compare the equiva-
lent plastic strain values of node A, B, C, as shown in
Fig. 15. Rollers of first pass are plain rollers, so the
equivalent plastic strain is O when the sheet passes
through the first pass, which means the sheet does not
deform at the first pass. Each time the sheet passes
through a pass of rollers from the second pass, the
sheet deforms and the equivalent plastic strain increa-
ses. After 0.2s of the analysis time, the strain value of
center area tends to be stable because of the end of
forming in these areas, while the bending forming at
the edge part of the sheet does not complete, the strain
value remains increasing. It can be concluded that the
smaller the bending radius of sheet is, the larger the
equivalent plastic strain is.
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Fig.15 Equivalent plastic strain curves of nodes

changing with time

The longitudinal strain curves of node A, B, and
C are shown in Fig. 16. It is similar to the curves in
Fig. 15. As can be seen in Fig. 16, the strain of node
A and C is tensile strain, and the strain of node B is
compressive strain. The outside of the fillet bears ten-
sion, and the inside of the fillet bears pressure.
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Fig.16 Longitudinal strain curves of nodes changing with time
3 Conclusions

(1) A 13-pass roll forming process of advanced
high strength steel DP980 is modelled and simulated
based on ABAQUS dynamic explicit algorithm. Then
the result of simulation is imported into ABAQUS based
on ABAQUS static implicit algorithm to calculate the
springback after forming.

(2) General contact is used to establish interac-
tion relationship, and the contact relations between
rollers and sheet in one analysis step are established
only when the contact occurs in this step so as to great-
ly improve the calculation efficiency. The sheet bends
and folds, so self-contact is established in the model,
and mesh of the fillet areas is refined.

(3) The corresponded roll forming experiment is
performed, and the simulation results are compared
with the experimental results. The results show that
they are in good consistency, which is a verification of
the reliability of the established roll forming model and
the springback model.

(4) The springback of high strength steel after
forming is calculated based on ABAQUS static implicit
algorithm. The results show that the larger the fillet ra-
dius is, the larger the springback amount is.

(5) The equivalent stress and plastic strain of fil-
let areas during sheet forming are larger than other po-
sitions, and the variation of the sheet thickness is
great. The smaller the bending radius is, the larger the
equivalent plastic strain and the reduction of thickness
are. The outside of the fillet bears tension, and the in-
side of the fillet bears compression.
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