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Defects of the roll forming process are affected by the amount and
situation of the strains distribution. The effect of the process
parameters on the strain distribution in the round cross section roll
forming process has been studied. Finite element and response
surface method have been used for process modelling. Then,
desirability functions approach and overlaid counter plots were
employed for optimization of the process. Three factors including
the roll diameter, distance between the stations and linear speed of
the sheet were considered as the input parameters. The sum of
longitudinal maximum strain and transverse strain distribution
uniformity were taken as response functions. Response function
model for each function was obtained using the RSM. Finally,
optimization of the process was done using the desirability function
approach and overlaid contour plots. The results show that both of
the response surface models have good model adequacy.
Optimization by desirability functions approach was presented as
points which according to the type of the process and production
requirements can only be used to start and preliminary design. But
the overlaid contour plots have flexibility in output for
manufacturing processes. Output overlaid contour plots provide
optimum area that there is wide range of values for choices in
different condition.

1-Introduction

geometrical defects in the final product [2].

Roll forming is a continuous process for forming
the sheet, strip or coiled metal stock into long
shapes of essentially uniform cross-sections.
The material is fed through multiple pairs of
contoured forming rolls, which progressively
shape the metal until the desired cross section is
produced. However, cold roll forming in its
present form is a relatively young forming
process and its use did not become widespread
until the demand for better and faster methods of
producing sheet metal parts was recognized [1].
In this process, severe plastic deformation does
not occur at one stage because deformation can
cause severe damage to the rolls and even some
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Transverse bending as the main deformation is
imposed in sheet metal (strip) that occurs in
several stages during the process. According to
different situations and roll types, transverse and
longitudinal strain is applied in cross section
sheet metal [1]. Due to the effect of various
factors in this process, the standard relationships
have not been stabilized yet and are generally
designed to be performed on the basis of
experience and personalization [3]. Today, with
development of finite element methods,
researchers can perform a wide range of
investigations at a lower cost. Bhattacharyya et
al. [4] investigate the shell longitudinal strain in
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the process when one or more pairs of rolls are
used and their results demonstrated that the peak
strain is related to the amount of bend angle.The
effect of the line speed, the distance between
stations, the distance between the pair of rolls,
the friction coefficient and the diameter of the
rolls on the product characteristics was
investigated by Paralikas et al. [5] and it was
found that the changes in the distance between
the rolls were effective on the maximum
longitudinal strain, residual strain and transverse
strain. Zeng et al. [6] used the response surface
method (RSM) to optimize design flower pattern
for channel-shaped. They investigated the
interaction effects of increasing angle and
diameter of rolls on the spring back and
maximum longitudinal strain of the edge using
the mathematical model. Salmani Tehrani [7]
studied the deformed length in roll forming for
the round section. He used assumptions
considered by Bhattacharya [8] for roll forming
of channel cross-sections. Jinmao Jiang [9] and
Moslemi Naeini [1 ] simulated cage roll0
forming for indicating non-bending area at
different forming stands. Their results showed
that by increasing the initial strip width, the
difference between longitudinal strain at the
edge and center of the sample increased. It was
found that more circumferential length
reduction is induced to the deformed strip in the
fin pass stands. In other works [1 , 1 ], the
effective  parameters on ovality were
investigated in the pre-notched strips in cold roll
forming process. The results demonstrated that
the forming angle increment has the most
influence on the hole ovality. Artificial neural
network was used by Moslemi Naeini et al. [3,
1 ] for prediction of the rgquired torque and
estimation of spring back in the cold roll
forming process. Slide rail samples produced in
the roll forming process were examined by

Naksoo Kim et al. [1 ] and according to the 4

effective parameters in this process, the cost
function was obtained using design of
experiments (DOE) and response surface
method (RSM). By investigating the effect of
forming parameters on the defects of the
process, it was found that increasing the angle of
bending causes the increase of bow defect and
the maximum longitudinal strain at the edge of
the channel increases with increasing the angle
of bending and thickness strips [1 ]. Mohd Saffe

[1 ] studied the residual stress that occurs in hot
steel channel roll forming. The effect of residual
stresses in the roll forming process has been
examined by Abvabi [1 ]. The results showed
that prediction of defects such as spring back in
the process by the tensile test data is not enough
if a residual stress profile exists in the material.
The robust optimization was used by Paralikas
[1 ] in cold roll forming t® demonstrate the
effect of process parameters on the energy
efficiency. Due to non-uniform transversal
distribution of strains in cross section, defects
such as twisting and longitudinal bow will
occur. The edge buckling is caused by large
longitudinal strain and this phenomenon is
intensified with increasing difference between
the longitudinal strain at the edges and the center
of strip [5, 10, 1 ]. 9
As it has been mentioned in the previous studies,
the effect of the roll forming process parameters
on the process performance has been
investigated. Strains distribution situation has a
substantial influence on the defects of the roll
forming process. However, optimization of the
process parameters for improving the strain
distribution has not been reported yet. In this
study, roll forming process for round cross
section (tube) was simulated. Then, by using the
central composite design (CCD), some
experiments were designed for three factors
including the Il diameter, the distance between
the stations, and the linear speed of the sheet.
Next, by using the RSM and FEM, strain
distribution functions were modeled and the
effect of the parameters was investigated.
Finally, the effect of the parameters on the strain
distribution was optimized using the DFA and
overlaid contour plots.

2- Finite Element Modelling

The more recent application of the finite
element methods has the advantage of
determining the deformed surface and the
strain distribution  simultaneously, and
undoubtedly far more work can be anticipated in
this direction [1]. Round cross section roll
forming process is simulated by commercially
available finite element software
ABAQUS/Explicit 6.11. Considering that the
sample product has a symmetric plane, to reduce
the analysis time, just half of the section was
modelzd. The model includes a pair of



V. Alimirzaloo et al, Journal of Advanced Materials and Processing, Vol. 5, No. 2, 2017, 38-51 40

cylindrical rolls zero station, five pairs of rolls
and four guide roll in main stations, as shown in
Fig. 1. Considering the coulomb model, friction
coefficient is considered as constant u=0.2 [7].
In this work, the rolls are modeled as rigid body
because they have negligible deformation. The
strip is considered as deformable and meshed
using four node thin shell elements (S4R). The

&

strip material used in this study was steel and its
chemical composition is given in Table 1.
Mechanical behavior of the material used in the
simulation was obtained using ISIRI 10272
standard tensile tests (See Table 2 for
mechanical properties of the material). True
stress-strain curve is shown in Fig. 2.

O 8
=) |

zero station

R2 S

T

main stations

Fig. 1. Finite element modelling of the roll forming process.

Table 1. Chemical composition of sheet metal.

Fe% Mn% C% Si% Cu% Al%

Nb% W% Cr% B% Mo% Ni%

<98.460 0.660 0.240 0.270 0.053 0.036 0.043 0.024 0.046 0.048 0.005 0.02

Table 2. Average mechanical properties of sheet steel from tensile test.

Young’s Modulus(N/mm2) YS(N/mm2) UTS(N/mm2) Elongation (%)

191000

458.33

524.44 14
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Fig. 2. True stress-strain curve of the material.
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In Fig. 3, the strain imposed during the process
in the two areas of edges and the floor sheet is
visible. As can be ssen, plastic strain values at
the edge of the sheet are higher than at the floor
sheet.

PEEQ

(Avg: 75%)

+1.097e+01
+4.000e-01
+3.667e-01
+3.333e-01
+3.000e-01
+2.667e-01
+2.333e-01
+2.000e-01
+1.667e-01
+1.333e-01
+1.000e-01
+6.667e-02
+3.333e-02
+0.000e+00

Edge of sheet €—

Floor of sheet «—

Fig. 3. Plastic strain in edge and floor of the sheet.

3- Response Surface Methodology and
Desirability Function
3-1- Response Surface Methodology
Response surface method (RSM) is a procedure
for modeling and analyzing problems that
respond influence of several factors. This
method is used for optimization of response by
using the mathematical and statistical
techniques. Box and Wilson introduced RSM in
1951 which was then developed by Montgomery
and Myers [2 ]. In many cases, a second}degree
polynomial model is used in RSM. This model
is only an approximation, but because of its
flexibility, it is widely used in the engineering
problems [2 ]. This model is expressed as:
y = Bo + X1 (Bix) + Zfﬂ(ﬁiixiz) +
ZiZj(.Bijxixj) +e 1)
Where y is the response, B0 , Bi , Bii , Bij are
unknown constant coefficients and xi and xj,
denote the independent design variables, k is the
number of the independent variables, and € is the
statistical error. The coefficients of the model
equation are obtained using the regression
methods. The regression model in matrix form
is as follows:
Y=XB+¢

iz [1 X171 X1 X1k] .Bo] 51

_ [1 %21 X2 Xak ||Bl | [52
-|. I+| |<2>

7y " [1 Xn1 Xpz - . - xnk Ln

The unknown values of B are obtained by
solving the system of equations as follows:
p=&"X)"'XY ®)

3-2- The Desirability Function Approach

Optimization methods are important in practice,
especially in engineering design, experimental
test, and trading decisions [2 ]. Desirability
function is one of the multi-objective
optimization methods used in this study. To
optimize by using the desirability function,
firstly, the individual desirability degree for
each response should be calculated. If the aim is
to minimize a response, the individual
desirability is calculated using Equation (4).
Also, Equation (5) is used for maximizing the

response.
0 Vi > Ui
o Wi-yd]" _ ' '
di=1 |55 T <yi<U @4
1 Vi < Ti
0 Vi < Li
L (ri—Ly) ) ) ]
a={ [2=2" <y ©)
1 Vi > Ti

In the Equations (4) and (5), di is the individual
desirability degree, yi is the predicted value, Ti
is the target value, Ui is the maximum
acceptable value, Li is the minimum acceptable
value, and ri is the weight of desirability
function for the its response. Then, composite
desirability is obtained using Eq. 6.

D = (J1(d;"))w (6)
Where D is the composite desirability degree, wi
and W are the importance of its response and
overall weight, respectively.

4- Designing and Performing the
Experiments

Central composite design (CCD) was used for
design of experiments by Minitab software [2 ].
In the present work, three factors of the cold roll
forming process that are effective and
controllable in the experiments were considered
as input parameters. These factors include the
roll diameter (D), the distance between the
stations (L), and the line speed of the sheet (V).
The maximum and minimum magnitudes of the
input parameters are shown in
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Table 3. Based on CCD, five levels of the
parameters are specified that are given in

42

Table 4. Design of the experiments using the
CCD is shown in
Table 5.

Table 3. Maximum and minimum magnitude of the input parameters in CCD.

parameter minimum_ Maximum
Roll diameter(mm) 55 90
Distance of station(mm) 530 600
Line speed(m/mm) 30 35
Table 4. Levels of parameters.
Level
Parameter 1 2 3 4 5
Roll D 43 55 725 90 102
diameter
(mm)
Distanceof | 506 530 565 600 623
station
(mm)
Linespeed v 282 30 325 35 37
(m/mm)

Table 5. Design of experiments.

Exp.No 1 2 3 4 5 6 7 8 9 10
D 55 90 55 90 55 90 55 90 43 102
L 530 530 530 530 600 600 600 600 565 565
V 30 30 35 3B 30 30 35 35 325 325

Exp.No 11 12 13 14 15 16 17 18 19 20
D 725 725 725 725 725 725 725 725 725 725
L 565 565 506 624 565 565 565 565 565 565
V 283 37 325 325 325 325 325 325 325 325

Quality of roll forming products is affected by
the amount and situation of the strains
distribution. So, it is required to study two
parameters of the strain. One of them, plastic
maximum strain, is imposed on the edge of the
sheet that is called maximum longitudinal strain
(M.L.S) and causes the edge buckling. Edge
buckling which appears as a wave at the strip
edge is a defect in the cold roll forming process
that is shown in Fig. 4. It is a big problem for
obtaining a product with expected quality;
therefore, prevention of edge buckling is very
important during the forming process [19]. The
reasons of longitudinal compression at the edge
in the cold roll forming have been reported in
several literatures [2 , 2 , 2 ]. In this work, it 5
order to extract maximum longitudinal strain,
we defined an element within 73 mm center of
the strip and at each station maximum plastic
strains are elicited and then the sum of five
stations will be calculated eventually and
investigated as M.L.S.

Stage Il
Edge Buckling

(Edge Wave) 5!
w
.g&/ |
o E c
a Stage Il
<
g
E |
c E
Stage |

Fig. 4. Schematic illustration of edge buckling takes
place during roll forming [19].

Strain distribution uniformity (S.D.U) across the
product is another parameter that was studied.
Bécause of longitudinal bow, camber and twist
are the most frequent defects in narrow roll
formed products. As shown in Fig. 5,
longitudinal bows are caused by non-uniformity
of transversal elongation and shrinkage of the
strip. However, these defects can be reduced by
using proper conditions [19]. S.D.U in the cross
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section for each of the simulated samples is
given by:
p = Ziza(Ee

n

(7)

where £ is avarege of strains, ¢; is the strain at
each point, and n is the number of points.
Product' s Cross-Section

7

Longitudinal Bow

Longitudinal Membrane Strain

(+): Elongation
(-): Shrinkage
Fig. 5. Relation between transversal distribution of
strain and longitudinal bow [19].

Therefore, the effects of three factors as input
parameters were studied on the M.L.S and
S.D.U across the product as response functions.
Each of the experiments according to the design
of  experiments was  simulated in
ABAQUS/Explicit 6.11 software. Then, M.L.S
and S.D.U outputs were obtained, as shown in
Table 6.

5- Results and Discussion

This study seeks to examine and optimize the
factors effect on the quality of the product. To
achieve this aim, design of experiments using
CCD with three factors including the diameter

43

of the rolls, the distance between the stations and
the linear velocity of the sheet was performed in
20 modes. Then, process simulation according
to each of the experiments condition was done.
Sum of M.L.S and transversal S.D.U for each of
the experiments was calculated and the results
were extracted.

5-1- Maximum Longitudinal Strain (M.L.S)
5-1-1- Response Function Model

By using response surface method (RSM),
responses function for sum of M.L.S was
obtained as follows:

M.L.S = —0.0264861 + 0.0016873D +

0.0141349V — 6.683 = 10™*L —
4.02272107°D? — 2.174 * 10~*V?2 + 5.59724
1077L? — 5.03429 = 107DV — 1.89551 =

107°DL + 1.2657 * 107°VL @)
Where D is the diameter roll, V is the Line speed
of the sheet and L is the distance between
stations. Also, the model adequacy was achieved
as R2=96% for sum of M.L.S, which are
acceptable values for this response. Analysis of
variance (ANOVA) was used by the statistic P-
Value for determining the influence of factors on
the responses. The P-Value represents the type
first error that is occurring. If the P-Value is less
than 0.05, it indicates that the parameter has a
significant effect on the response. Table 7
illustrates the P-Value for sum of M.L.S.
According to the results of ANOVA, for M.L.S,
terms in linear and Line speed in square state are
effectively in the regression model.

Table 6. The obtained values of M.L.S and S.D.U.

Exp. No 1 2 3 4 5 6 7 8 9 10
Sum of 41532 40.244 43375 42.863 33557 29.282 37.500 30.687 41.247 30.354
M.L.S(x

1073%)

S.U.D(x 6.3128 6.5742 6.5874 6.8198 6.7546 6.3976 6.7275 6.4167 6.4864 6.1915
107%)

Exp. No 11 12 13 14 15 16 17 18 19 20
Sum of 34760 36.124 52.407 30.388 39.285 39.285 39.285 39.285 39.285 39.285
M.L.S(x

1073%)

S.U.D(x 6.5116 6.2566 5.8713 6.6070 6.2452 6.2452 6.2452 6.2452 6.2452 6.2452

1073)
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Table 7. ANOVA for M.L.S.

Source Degree of Freedom F P
Regression 9 27.36  0.000
Linear 3 54.50 0.000
Roll Diameter 1 46.08  0.000
Distance of Station 1 110.49 0.000
Line Speed 1 6.93 0.030
Square 3 7.15 0.012
Roll Diameter*Roll Diameter 1 11.77  0.315
Distance of Station*Distance of Station 1 1.15 0.109
Line Speed*Line Speed 1 14.31  0.005
Interaction 3 2.43 0.141
Roll Diameter*Distance of Station 1 6.97 0.030
Roll Diameter*Line Speed 1 0.25 0.630
Distance of Station*Line Speed 1 0.06 0.808
Residual Error 10 * *
Total 19

5-1-2- Response Surfaces for M.L.S

Error! Reference source not found., Fig. 7 and
Fig. 8 show the surfaces obtained for sum of
M.L.S. The result of response surface diagrams
explicitly indicated that the roll diameter and
distance between stations have a significant
effect on the M.L.S. But the effect of linear
speed is less than the other two factors. It is
worth considering that by increasing the linear
speed of the sheet the sum of M.L.S increases.
For roll diameter and the distance of stations
parameters (constant linear speed of sheet), Fig.
6 shows that sum of M.L.S decreases with
increasing the distance of stations as it was
reported previously [15] and the effect of roll
diameter has a peak value (about 70mm of roll

diameter size). Also, the effect of roll diameter
is more with increasing the distance of stations.
On the whole, the effect of distance between
stations is greater than the diameter of the roll in
sum of M.L.S.

Fig. 7 shows that with increasing the distance of
the station sum of M.L.S is reduced and at all
levels of distance of stations the effect of the
linear speed is almost uniform. Ineffective linear
speed parameter on the longitudinal strain has
been reported before [15].

By reducing the roll diameter, the sum of M.L.S
increases and in a median value of linear speed
(33.5) it reaches its maximum as shown in Fig.
8.

Hold values Line Speed 32.5 m/min

0.05

Sum of M.L.S 0.0¢

0.03

0.02

500
550

Interdistance{mm)

100
20
60 Roll Diameter(mm)
40

Fig. 6. Surface plot sum of M.L.S on the Interdistances and Roll diameter.
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Hold Values Roll Diameter 72.5 mm

005

Sum of M.L.S (.04

-

0.03 |

500

550

Interdistance(mm)

375
35.0
325

20.0 Line Speed(m/min)

Fig. 7. Surface plot sum of M.L.S on the Interdistance and Line speed.

Hold Values Interdistance S65Smm

0.040 4

Sum of M.L.S 0.035

0.030 |

40
60
=)

Roll Diameter(mm)

37.5
35.0
32.5

30.0 Line Speed{m/min)

100

Fig. 8. Surface plot sum of M.L.S on the Roll diameter and Line speed.

5-2- Strain Distribution Uniformity (S.D.U)
5-2-1- Response Function Model

Same as before using RSM, response function
for S.D.U was obtained as follows:

S.D.U = 0.0434 + 0.000109D — 0.00104V —

8.6x107°L+1.2x1077D? +2.2% 107°V? +

Table 8 illustrates the P-Value for S.D.U.
According to the results of ANOVA for S.D.U,

1.08 * 10712 — 2.1 % 1077DV — 2.1 * 10~7DL —
6.2 % 1077VL (8)

Where D is the diameter roll, V is Line speed of
the sheet and L is the distance between stations.
In this case, the model adequacy was achieved
as R2 =97.11% for S.D.U which are acceptable
values for this response.

all of the terms are effective in the regression
model.
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Table 8. ANOVA for S.D.U.

Source Degree of Freedom F P
Regression 9 26.11 0.000
Linear 3 10.46 0.006
Roll Diameter 1 13.17 0.008
Distance of Station 1 0.09 0.772
Line Speed 1 7.41  0.030
Square 3 39.74 0.000
Roll Diameter*Roll Diameter 1 8.86 0.023
Distance of Station*Distance of Station 1 49.13 0.000
Line Speed*Line Speed 1 52.50 0.000
Interaction 3 16.00 0.002
Roll Diameter*Distance of Station 1 36.78 0.001
Roll Diameter*Line Speed 1 0.18 0.685
Distance of Station*Line Speed 1 6.12 0.043
Residual Error 10 * *
Total 19

5-2-2- Response Surfaces for S.D.U

Fig. 9, Fig. 10 and Fig. 11 show the respond
surfaces for S.D.U. According to the results it
can be generally said that roll diameter has the
greatest influence on the response, which seems

reasonable due to the types of process and
deform areas between dies. After that, the linear
speed of sheet is the most effective but the
distance between stations is ineffective.

Hold Values Line Speed 32.5 m/min

0.0072 y

0.0069
S.U0.D

0.0066

0.0063

40
60
a0

Roll Diameter{mm)

600

Interdistance (mm)

500

100

Fig. 9. Surface plot of S.D.U vs the Interdistance and Roll diameter.

The obtained diagram also shows the interaction
between the two parameters in Fig 9, so that in
smaller amounts for roll diameter, S.D.U
amount should increase with increasing the
distance between stations while in the large roll
diameter this trend is reversed. Therefore, the

maximum of S.D.U will be created in the
minimum roll diameter and the maximum of
distant of stations or in the maximum roll
diameter and the minimum distance of the
stations.
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Hold Values Roll Diameter 72.5 mm

n.oo72

0.0069
S.U.D ]

0.0066 ]

0.0063

30.0 25

35.0

Line Speed(m/min)

600

530 Interdistance{mm)

500

37.5

Fig. 10. Surface plot of S.D.U vs. the Interdistance and Line speed.

Hold Values Interdistance S65 mm

0.0069 J
S.U-D 0.0066

0.0083 |

30.0 325

35.0

Line Speed(m/min)

100
80

60 Roll Diameter{mm)
40

37.5

Fig. 11. Surface plot of S.D.U vs. the Line speed and Roll diameter.

Fig. 10 shows that S.D.U that is influenced by
two parameters has a quite similar trend, so that
for both parameters the lowest S.D.U is achieved
in the middle distance of the station and linear
speed.

The graph of Fig. 11 shows that the parameters
do not have much interaction as mentioned
earlier in the ANOVA table. So that the S.D.U

changes for linear speed has the same procedure
at all levels of roll diameter.

5-3- Optimization

In this section, optimum values of parameters
were investigated in various conditions of the
process. First, using the desirability function a
point was found as the optimal point and then
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optimal areas were determined using contour
curves around the optimal point for each
parameter.

5-3-1- Optimization by Desirability Function
Desirability function as optimization method is
based on turning the multi-objective problem to
a single objective firstly and then proceeds to the
optimization problem. Initially, individual
desirability was found for every response and
then they were combined to optimize the whole
problem. In this study, we have two responses to
various situations. One of them is sum of M.L.S
that should be the minimum. The lower this
value, less defect occurs and the higher the
product quality. The best mode is when the value
is zero, but in terms of theory and experiment it
is not allowed. Another transverse is S.D.U that
there must be minimum values for this response.
In this case, too, more uniform transverse strain
distribution causes less camber and twist defects
and higher product quality. The ideal amount for
this response is zero, but the type of roll design
which consists of two arches proves that this is
not experimentally possible.

To obtain the optimal point considering
limitation of production and testing results, the

amount of 30 is selected for sum of M.L.S and
for S.D.U the smallest amounts were extracted
from experiments, and 0.006 was chosen. Also,
by assigning priority to responses, it was
considered that sum of M.L.S is five times more
important than S.D.U. The results extracted
from Minitab software areshown in Fig. 12.
Desirability is calculated based on the input
equal to 0.937. As explained earlier, the closer
this value to 1 the better. Optimal amounts of
factors are shown in Table 9.

Given the results, it should be investigated to
what extent these results are efficient in terms of
production. According to the process, the roll is
constructed with a certain diameter and during
the process it is changed due to the abrasion of
the roll section. So, its diameter will be smaller
when repair is turning again. In addition, the
limits of disk length and the rate of product at
the time are the points that should be considered.
Therefore, the optimal point cannot fully answer
for the production process and only those points
can be used to design and start the process.
Therefore, having the optimal area for factors
seems to be vital.

; Roll Dia Line Spe Interdis
Optt')ma' Hi | 101.9314 36,7045 623.8627
Cur | [101.9314] [33.7162] [623.8627]
0.93785 |, 43.0686 28.2955 506.1373
Tra.Stra
Minimum
y = 0.0063
d = 0.68044
Total.Ma
Minimum
y = 21.6167
d = 1.0000 e

Fig. 12. Optimal values for responses by desirability function.

Table 9. Optimal values obtained using desirability function.

Parameter Roll diameter (mm)

Interdistance (mm) Line speed (m/min)

Optimum value 101.93

623.86 33.71
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5-3-2- Optimization by Overlaid Contour
Plots

As explained in the previous section, overlaid
contour plots determine the optimal area and
unlike optimization by desirability function,
optimal area is specified in the diagrams.
Overlaid contour plot indicate the optimal area
of each of the two factors assuming that the other
factor is constant. This area contains all of the
optimized answers for pair factors. In the
overlaid contour plot method, the upper and
lower values for each response are considered to
be two factors was selected and other factors are
constant. With drawing curve was indicated
each response is the minimum and maximum in
which points of factors. The region in which all
of the response lines are overlapping is the
optimum area and this region is identified by the
white color in plot. Fig. 13 illustrates the
overlaid contour plots for the constant line speed
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in three modes of minimum, moderate and
maximum values by changing the roll diameter
and the distance between the stations. For the
sum of M.L.S and S.D.U the acceptable area is
determined which may change depending on
conditions.

The overlaid contour plots outlining for the
constant distance of stations in three modes of
minimum, moderate and maximum by changing
the roll diameter and line speed are shown in
Fig. 14. By modifying the maximum and
minimum values in responses the width and
extent of optimal area can be larger or smaller.
Also, Fig. 15 demonstrates the overlaid contour
plot performance for the case where the roll
diameter in one of three modes of minimum,
middle and maximum is kept constant and the
distance between stations and the speed line
changes.
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6- Conclusion

In the present study, the affective factors on the
quality of the product in cold roll forming
process for round cross section were
investigated by simulating the finite element
method. For this purpose, three factors the roll
diameter, the distance between the stations and
the line speed of sheet as input parameters and
sum of longitudinal maximum strain and
transverse strain distribution uniformity were
studied as responses functions. By performing
the designed experiments by CCD method the
results were elicited and response surface for
each function was obtained. Finally, using
overlaid contour plots and desirability function
the optimization of response was done. The
results obtained by using the desirability
function were presented as points, which
according to the type of process and production
requirements can only be used for preliminary
design. But the overlaid contour plots flexibility
in output for manufacturing processes. Output
overlaid contour plots provide optimum area so
that in different conditions there is a wide range
of values to choose from.

References

[1] S.J. Mander, S.M. Panton, R.J. Dykes, D.
Bhattacharyya, Roll forming of sheet materials,
composite materials series, Elsevier,
Amsterdam, 1997, p. 489.

[2] M. Salmani tehrani, M. Nikfroz, “The effect
of geometrical parameters on the angle of twist
sections roll forming asymmetric channel
simulation using Finite Element”, majlesi
mechanical engineering, VVol. 2, No. 3, 2009, pp.
27-35.

[3] H. Moslemi naeini, R. Azizi tafti, M. Tajdari,
“ Using artificial neural networks for estimation
of springback in cold roll forming”, amirkabir
mechanical engineering, Vol. 42, No 3, 2011,
pp.29-37.

[4] D. Bhattacharyya, P. Smith, CH. Yee, L.F.
Collins, “The development of longitudinal strain
in cold roll forming and its influence on product
straightness”, first international conf. on tech. of
plasticity, Tokyo, Japan, 1984, p. 422-427.

[5] J. Paralikas, K. Salonitis, G. Chryssolouris,
Investigation of the effects of main roll-forming
process parameters on quality for a V-section
profile from AHSS” ,Int J of adv technol , Vol.
44,2009, pp. 223-237.

[6] G. Zeng, SH. Li, Z.Q. Yu, X.M. Lai,
“Optimization design of roll profiles for cold roll
forming based on response surface method”,
Materials and Designs,Vol. 30, 2009, pp.1930-
1938.

[71 M. Salmani tehrani, M. bahrami,
“Investigate numerical and analytical of the
round tube roll forming”, majlesi mechanical
engineering, Vol. 3, No 2, 2010, pp. 25-35.

[8] D Bhattacharyya, P Smith, CH Yee, IL.F.
Collins, “The prediction of deformation length
in cold roll forming™, journal of mechanical
working technology,Vol. 9, 1984, pp. 181-191.
[9] J. Jinmao, L. Dayong, Y. peng, Li. Jianxin,
“research on strain deformation in the cage roll-
forming process of ERW round pipes”, Journal
of materials processing technology, Vol. 209,
2009, pp. 4850-4856.

[10] M.M. Kasaei, H. Moslemi Naeini, R. Azizi
Tafti, M. Salmani Tehrani, “M Prediction of
maximum initial strip width in the cage roll



V. Alimirzaloo et al, Journal of Advanced Materials and Processing, Vol. 5, No. 2, 2017, 38-51 51

forming process of ERW pipes using edge
buckling criterion”, Journal of materials
processing technology, Vol. 214 , 2014, pp. 190-
199.

[11] B. Shirini Bidabadi, H. Moslemi Naeini, R.
Azizi Tafti, S. Mazdak , “experimental
investigation of the ovality of holes on pre-
notched channel products in the cold roll
forming process” Journal of materials
processing technology Vol. 225, 2015, pp. 213-
220.

[12] S. Sattar, S. Mazdak, E. Sharifi, “numerical
analysis and simulation of effective parameters
on the defects of ellipsoidal pre notched u-
channel section produced by cold roll forming
process” ,Modares mechanical engineering,
Vol. 15, No 8, 2015, pp125-133.

[13] Y. dadgar asl, M. Tajdari, H. Moselmi
naeini, “Prediction of required torque in cold roll
forming process os a channel section using
artificial neural networks” ,modares mechanical
engineering, Vol. 15,No. 7, 2015, pp. 209-214.
[14] M. oh, M.K. lee, N. kim, “Robust design of
roll formed slide rial using response surface
method” .journal of mechanical science and
technology, Vol. 24, 2010, pp. 2545-2553.

[15] R. Safdarian, H. Moslemi naeini, “The
effects of forming parameters on the cold roll
forming of channel section” ,journal of thin-
walled structures, Vol. 92, 2015, pp. 130-136.
[16] S.N. Mohd saffe binti, T. Nagamachi, H.
ona, “Residual stress around cut end of hat steel
channel by roll forming”, procedia Engineering,
vol. 81, 2014, pp. 239-244.

[17] A. Abvabi, B. Rolfe, P.D. Hodgson,” The
influence of residual stress on a roll forming
process” , international journal of mechanical
science, Vol.101, 2015, pp.124-136.

[18] J. Paralikas, K. Salonitis, G. Chryssolouris
,”Robust optimization of the energy efficiency
of the cold roll forming process, The
International Journal of Advanced
Manufacturing Technology, Vol. 69, 2013,
pp.461-481.

[19] G.T. Halmos, roll forming handbook,
Taylor& Francis CRC press, New York, 2006.
[20] R.H. Myers and D.C. Montgomery,
Response surface methodology, J. Wiley and
Sons, New York, USA, 2002.

[21] V. Alimrzaloo, M.H. Sadeghi and F.R.
Biglari «“ Optimization of the forging of aerofoil
blade using the finite element method and fuzzy-
Pareto based genetic algorithm” , Journal of
Mechanical Science and Technology, Vol. 26,
No. 2, 2012, pp. 1801-1810.

[22] K. Deb, Multi-objective optimization using
evolutionary algorithms ,Wiley, Chichester,
UK, 2001, p.497.

[23] V. Alimirzaloo, Optimization of
compressor blade final forging in air engine,
Ph.D. Thesis, amirkabir university, Tehran,
2011.

[24] B. Wen, R. J. pick. “ Modelling of skelp
edge instabilities in the roll forming of ERW
pipe” ,journal of materials processing
technology,Vol. 41, 1994, pp. 425-446.

[25] M. Farzin, M. Salmani tehrani, E. Shameli
,’determination of buckling limit of strain in
cold roll forming by the finit element analysis”,
journal of materials processing thechnology,
Vol. 125-126, 2002, pp.626-632.

[26] M. Salmani Tehrani, P. Hartly, H. Moslemi
Naeini, H. Khademizadeh, “ localised edge
buckling in cold roll forming of symmetric
channel section”, Thin walled structures, Vol.
44, 2006, pp. 184-196.


http://link.springer.com/journal/170
http://link.springer.com/journal/170
http://link.springer.com/journal/170

V. Alimirzaloo et al, Journal of Advanced Materials and Processing, Vol. 5, No. 2, 2017, 38-51 52

[1] S.J. Mander, S.M. Panton, R.J. Dykes, D.
Bhattacharyya, Roll forming of sheet materials,
composite materials series, Elsevier,
Amsterdam, 1997, p. 489.

[?] M. Salmani tehrani, M. Nikfroz, “The effect
of geometrical parameters on the angle of twist
sections roll forming asymmetric channel
simulation using Finite Element”, majlesi
mechanical engineering, Vol. 2, No. 3, 2009, pp.
27-35.( )

[*] H. Moslemi naeini, R. Azizi tafti, M. Tajdari,
“ Using artificial neural networks for estimation
of springback in cold roll forming”, amirkabir
mechanical engineering, Vol. 42, No 3, 2011,
pp.29-37( )

[*] D. Bhattacharyya, P. Smith, CH. Yee, I.F.
Collins, “The development of longitudinal strain
in cold roll forming and its influence on product
straightness”, first international conf. on tech. of
plasticity, Tokyo, Japan, 1984, p. 422-427.

[°] J. Paralikas, K. Salonitis, G. Chryssolouris, «
Investigation of the effects of main roll-forming
process parameters on quality for a V-section

profile from AHSS” ,Int J of adv technol , Vol.
44, 2009, pp. 223-237.

[°] G. Zeng, SH. Li, Z.Q. Yu, X.M. Lai,
“Optimization design of roll profiles for cold roll
forming based on response surface method”,
Materials and Designs,Vol. 30, 2009, pp.1930-
1938.

[’] M. Salmani tehrani, M. bahrami, “Investigate
numerical and analytical of the round tube roll
forming”, majlesi mechanical engineering, Vol.
3, No 2, 2010, pp. 25-35( =)

[¥] D Bhattacharyya, P Smith, CH Yee, L.F.
Collins, “The prediction of deformation length
in cold roll forming™, journal of mechanical
working technology,Vol. 9, 1984, pp. 181-191.
[°] J. Jinmao, L. Dayong, Y. peng, Li. Jianxin,
“research on strain deformation in the cage roll-
forming process of ERW round pipes”, Journal
of materials processing technology, Vol. 209
,2009, pp. 4850-4856.

[' ] M.M. Kasaei, H. Moslerhi Naeini, R. Azizi
Tafti, M. Salmani Tehrani, “M Prediction of
maximum initial strip width in the cage roll



V. Alimirzaloo et al, Journal of Advanced Materials and Processing, Vol. 5, No. 2, 2017, 38-51 53

forming process of ERW pipes using edge
buckling criterion”, Journal of materials
processing technology, Vol. 214 , 2014, pp. 190-
199.

[' ] B. Shirini Bidabadi, H. Moslemi Naeini, R.
Azizi Tafti, S. Mazdak , “experimental
investigation of the ovality of holes on pre-
notched channel products in the cold roll
forming process” Journal of materials
processing technology Vol. 225, 2015, pp. 213-
220.

[']S. Sattar, S. Mazdak, E. Sharifi, “numerical
analysis and simulation of effective parameters
on the defects of ellipsoidal pre notched u-
channel section produced by cold roll forming
process” ,Modares mechanical engineering,
Vol. 15, No 8, 2015, pp125-133.( «,\4)

['] Y. dadgar asl, M. Tajdari, H. Moselmi
naeini, “Prediction of required torque in cold roll
forming process os a channel section using
artificial neural networks” ,modares mechanical
engineering, Vol. 15,No. 7, 2015, pp. 209-214.
( =)

[' 1 M. oh, M.K. lege, N. kim,*“Robust design of
roll formed slide rial using response surface
method” ,journal of mechanical science and
technology, Vol. 24, 2010, pp. 2545-2553.

[! ] R. Safdarian, H. Mosfemi naeini, “The
effects of forming parameters on the cold roll
forming of channel section” ,journal of thin-
walled structures, Vol. 92, 2015, pp. 130-136.
[' ] S.N. Mohd saffe binti, T. Nagamachi, H.
ona, “Residual stress around cut end of hat steel
channel by roll forming”, procedia Engineering,
vol. 81, 2014, pp. 239-244.

[' 1 A. Abvabi, B. Rolfe, P.D. Hodgson,” The
influence of residual stress on a roll forming
process” , international journal of mechanical
science, Vol.101, 2015, pp.124-136.

[' ]J. Paralikas, K. Salonitis®G. Chryssolouris ,
”Robust optimization of the energy
efficiency of the cold roll forming process,
The International Journal of Advanced
Manufacturing Technology, Vol. 69, 2013,
pp.461-481.

[' ] G.T. Halmos, roll fotrming handbook,
Taylor& Francis CRC press, New York, 2006.

[2 ] RH. Myers and D(@. Montgomery,
Response surface methodology, J. Wiley and
Sons, New York, USA, 2002.

[2 ] V. Alimrzaloo, M.H. Badeghi and F.R.
Biglari « Optimization of the forging of aerofoil
blade using the finite element method and fuzzy-
Pareto based genetic algorithm” , Journal of
Mechanical Science and Technology, Vol. 26,
No. 2, 2012, pp. 1801-1810.

[2 ] K. Deb, Multi-objectiveDptimization using
evolutionary algorithms ,Wiley, Chichester,
UK, 2001, p.497.

[ 2 ] V. Alimirzaloo, OpBmization of
compressor blade final forging in air engine,
Ph.D. Thesis, amirkabir university, Tehran,
2011.

[2] B. Wen, R. J. pick. «“ KModelling of skelp
edge instabilities in the roll forming of ERW
pipe” ,journal of materials processing
technology,Vol. 41, 1994, pp. 425-446.

[ ] M. Farzin, M. Salmani tehrani, E. Shameli
,’determination of buckling limit of strain in
cold roll forming by the finit element analysis”,
journal of materials processing thechnology,
Vol. 125-126, 2002, pp.626-632.

[> ] M. Salmani Tehrani, P. Martly, H. Moslemi
Naeini, H. Khademizadeh, “ localised edge
buckling in cold roll forming of symmetric
channel section”, Thin walled structures, Vol.
44, 2006, pp. 184-196.


http://link.springer.com/journal/170
http://link.springer.com/journal/170

