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1. Introduction

Flower pattern is the most important factor for analyzing
the reshaping of cold roll forming process. In this
process, the mechanical properties of the final product
depend on the flower pattern. Moreover, improper flower
pattern and non-uniform hardening of the tube cause
collapse defect.

In previous studies, the effect of flower pattern design
on the applied force on rollers has not been reported. On
the other hand, craftsmen need that the wear conditions
of the rollers be uniform; therefore, it is necessary that
the vertical force distribution on the rollers be uniform.
In this study, the amount of height reduction for three
different flower patterns, according to the experimental
sample, uniform distribution method, and proportional
distribution method, were investigated by finite element
simulation. Moreover, to validate the simulation results,
the power consumption and geometrical shape of the
product obtained from the simulation with its
experimental sample were compared and there is good
agreement has been observed. Finally, for the three
flower patterns, power consumption, geometric shape of
the product, and the force on the rollers were compared
with each other and based on the results, the appropriate
flower pattern was selected.

2. Numerical simulation

Numerical simulation was performed on a 40 x 60 mm
rectangular cross section with a thickness of 3 mm. The
pipe is made of ST37 steel sheet. To determine the
properties of the sheet, samples were prepared from the
production line. The tube was modeled by solid element,
and the whole simulation was carried out at one step with
dynamic explicit properties.

3. Experimental test

To confirm the simulation results, an experimental test
was performed and the results of the simulations were
compared with experiments.

4. Results and discussion

Table 1 shows the amount of force applied to the rollers
according to the simulation results of different flower
patterns. It is observed that the values of the applied
forces are highly dependent on the flower patterns.
Moreover, the distribution of these forces in the
experimental model is more uniform than other models.

Figure 1 shows the distribution of power consumption
in stations according to different flower patterns. It is
observed that the power consumption of the experimental
method in the last stations is less than other methods, so
the residual stress in the product in this method will be
less than others. According to Figure 2, the experimental
method was 17% and 31% more successful in forming
the corners than the proportional and uniform distribution
patterns, respectively.

Table 1. The comparison of forces on rollers in
proportional distribution, uniform, and experimental

distribution
Amount of force in simulating various
types of fIOerr patterns (kN) _ Stand No.
experimental _un_lform p_rop_ortl(_)nal
distribution distribution
51 35 42 1
43.5 40 50 2
50 44 50 3
50 48 56 4
56.5 53.5 59.5 5
50.2 44.1 51.5 Avg.
-6.7 -9.1 -9.5 min  and  max
+6.3 +9.4 +8 difference of Avg.
Percentage
13% 21% 17% Deviation from
uniformity  over
Avg.
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Figure 1. The distribution of power consumption in
stations according to different flower patterns

Figure 2 shows also that increasing the non-uniformity
of the force distribution increases the corner radius error.
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Figure 2. The effect of uniformity of force distribution
on the reduction of corner radius error

5. Conclusion

In this study, the effects of flower pattern design on the
way distribution of the applied force to the rollers and
their power consumption at different reshaping stations
were investigated experimentally and numerically. To do
this, three different flower patterns were evaluated using
three-dimensional finite element simulations, and
practical experiments were performed to ensure the
accuracy of the simulations.

The simulation results showed that although the power
consumption for reshaping in experimental flower
pattern is 2.8% more than the proportional distribution
method and 7.9% more than the uniform distribution
method, respectively, this method is 17% and 31% more
successful in forming the corner than the mentioned
patterns, and the distribution of vertical force on its
rollers is 4% and 8% more uniform, respectively.

As a result, due to the uniformity of the vertical force
in the experimental method, the friction and wear
conditions of the rollers will be more uniform than other
methods. Therefore, it can be concluded that in order to
select a more suitable flower pattern, the use of uniform
distribution of applied force along with the criterion of
minimum energy consumption leads to more suitable
conditions.
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