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 Cold roll-forming is a process in which metal strip in cold state is formed into a desired 
cross-section profiles with continuous passing between the series of rotating rollers, 

without appreciable deformation in thickness. In this paper, the effect of anisotropy 

parameters on the distribution of maximum longitudinal strain has been studied.Due to 

the lack of research on the history of anisotropy, a channel section isotropic process is 

selected for current simulation. The validity of the simulation results has been shown by 

simulating the finite elements of the process+ and comparing the longitudinal strain 
distribution at the edge of the experimental strain. Then by repeating the finite element 

simulation for the similar sections and by taking anisotropy into account, by changing 

the geometric parameters such as thickness, flange width and strain ratios, the effects of 
these variables on the maximum longitudinal strain has been investigated. Survey 

results show that when the anisotropy ratio increases, the maximum longitudinal strain 

increases. 
 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Masoud Mobini Bonab and Siamak Mazdak., Numerical Study of the Effect of Anisotropy on the Longitudinal Strain 

in Cold Roll-Forming Process of Symmetric Channel Section. Adv. Environ. Biol., 8(22), 526-532, 2014 

 

INTRODUCTION 

 

 In cold roll-forming processes, a metal strip progressively is deformed through a series of roll stations in 

order to achieve a required cross-section, without reducing in strip thickness. Fig. 1. 

 

 
 

Fig. 1: Cold roll-forming process. 

 

 For decades, the process of cold roll-forming, has become one of the most important metal forming 

processes; including its applications, the frames of the windows and body parts for aircraft and spacecraft are. 

There are many variables that affect this process, each of which somehow increases the complexity of the 

process. Therefore, expressing a mathematical model for this process in an accurate and complete manner is 

very difficult. The peak longitudinal strain deformation rate is proportional to a suitable criterion for quantitative 

expression of deformation between two stations. Here the longitudinal direction is the direction of movement of 
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the strip. In order for the process to be successful, deformation must not exceed a certain limit. Thus, there is a 

"limit strain" for every stage. That expresses its authorized stages. There are two main factors that determine 

limit strain: forming machine power and metal strip strength.  

 Bhattacharyya et al [1], have simulated channel cross-section. So have investigated deformed length for 

mild steel and aluminum. And the following results have been obtained, length of deformation depending on 

three variables length of flange, is the increase amount of bending angle and material thickness which are 

independent of the properties of the material. 

 Chiang [2] has investigated effect of flange length, web width and bend angle on the longitudinal strain in 

the flange edge of shape channel cross-section. Then the results in the case of bending angle obtained that they 

were similar to Bhattacharya's results. The measurement of results showed that the strain at the edge of the 

flange is bigger. 

 Fewtrell [3] has done different experiments for studying the effect of symmetric shape channel cross-

section. Performing fifty-experiments and applying different conditions for various samples and measurement of 

longitudinal strain assistance strain gauge, he has examined the quality of the Product to be able to provide a 

better understanding of the process. 

 Lindgren [6] has measured by using the finite element method, the longitudinal strain in the flange area and 

deformed length, when the yield strength is increased. These data are used in determining the number of 

forming stages and distance between them when designing cold roll-forming machines. 

 In general, cold roll-forming process has been simulated for isotropic different models in most of the 

previous research. In this paper, the anisotropy one of the parameters affecting on the cold roll-forming has been 

investigated. 

 

Finite element modeling of cold roll- forming process: 

 The purpose of this study was to calculate the longitudinal strain. First, the process is modeled. The 

modeling consists of three parts: the model geometry, material properties and finite element properties. 

 

The assumptions: 

 A three-dimensional modeling by ABAQUS finite-element software has been simulated. Due to symmetry, 

only half of the width of the sheet and rollers have been modeled. The process model consists of six forming 

stations and two guide stations. In order to appropriately steer toward forming station, before forming stations, 

two stations with flat rollers are used to play the role of guide and support for the movement of sheet.  And have 

no effect on the metal forming process. In the forming process that lower rollers that are angled, are playing the 

main role. As the high rollers which are flat, so sheet is pulled forward in forming process to helping lower 

roller. In addition, the rollers should not have encounter with each other. Forming speed in a station for all 

components is equal. For design of experiment for the anisotropy, hill yield criterion has been used. 

 

Anisotropy  [5,4]: 

 Many materials are used in engineering, have the mechanical properties dependent on the direction. This 

property is called anisotropy, caused by thermal and mechanical operations performed on metals. These 

properties in steel sheets are caused by cold-rolled process. This operation causes the mechanical properties in 

the sheets, in rolling direction and perpendicular to the rolling direction to be different with each other. So in the 

sheets forming processes, anisotropy parameter is an important property that must be considered in the analysis. 

For determining the anisotropy properties in the plastic sheets, vertical anisotropy is calculated using tensile 

tests. Vertical anisotropy (R) is defined as the ratio of   transverse relative deformation (strain) relative to the as 

the thickness of the tensile specimen relative deformation (strain). Fig. 2. Shows the strain in the different 

directions. 

 
Fig. 2: Location of strain in the different directions, longitudinal, transverse and thickness. 
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 Since accurate measurements of thickness, particularly in the thin sheets, cannot be measured easily, so 

according to the law of being constant of volume during plastic deformation, the value of R from equation (1) 

has been obtained from the following relation.  
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 R-value usually depends on the selected position of the sheets relative to the rolling direction. Hence, to 

determine the vertical anisotropy usually examples along the 0, 45 and 90 degrees relative to the rolling 

direction are selected. And the average R using equation (2) can be calculated as: 

4

2 90450 RRR
R m




          

(2) 

 The anisotropy parameters can be achieved by using Lank Ford's coefficients according relations (3), (4), 

(5), (6) and (7) [9]. 
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Materials Properties: 

 For introducing the material properties of each material, the elastic modulus and Poisson's ratio from tensile 

tests are obtained, in the ABAQUS software is imported. Dogal350 YP sheet for the verification and st12 sheet 

in design of expert has been selected. Mechanical properties of each one in table (1), and the stress-strain curves 

respectively in the (Fig. 3) and (Fig. 4) have been shown. To define the plastic properties of the material, the 

relations (8), (9) and (10) have been used [10].  
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T-1 yield stress and Poisson's ratio. 

Poisson's ratio Yield stress (MPA) Material 

0.3 350 DOGAL 350 YP 

0.31 185 ST12 

 

 
Fig. 3: Stress - strain curve for the Dogal350 YP. 
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Fig. 4: Stress - strain curve for the St12, [8]. 

 

Finite element model: 

 In the finite element model, as shown in Fig. 5. Sheet has been divided to 2296 elements. Length, width and 

thickness of the original sheets respectively are 700, 8.31 and 1.502 mm. 

 Since the deformation of the rollers are very small in comparison with the sheets, the rollers have been 

considered rigid. The force of friction, sheets are steered toward forming direction. Thus the friction between the 

rollers and the sheet has been modeled by using Coulomb's law. And the coefficient of friction 0.1has been 

assumed. Also, the linear velocity is 0.6 m/s. 

 

 

 
 

Fig. 5: View of the meshing. 

 

 The boundary conditions has applied so that the symmetry properties the ratio of page YX has been 

considered. Thus, displacement in direction of Z axis and rotation around the Y axis and X axis for these nodes 

were zero, Fig. 6. All degrees of freedom of rollers except rotation have been taken around Z. 

 
 

Fig. 6: Sheets boundary conditions to impose symmetry conditions. 

 

Deformation flowers pattern: 

 Flower pattern overlay cross-sectional deformation of sheets deformed forming has been achieved in the 

several stages, and is indicating the Forming rate distribution along the production line. Fig. 7 shows the 

deformation flowers pattern in the different stages of Forming. 

 

 
 

Fig. 7: Flower pattern for the desired profile. 
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RESULTS AND DISCUSSION 

 

 Fig. 8a view simulation of cold roll-forming process the channel cross-section has shown in the ABAQUS 

software. Then, using the results of the simulation, the defects have been reviewed. 

 
 

Fig. 8: Samples analyzed models. 

 

Comparison of simulation results with experimental results: 

 In this section, numerical results of symmetrical channel cross-sections in cold roll-forming process with 

experimental results have been compared. Simulations based on the geometry and mechanical properties of the 

paper [6] has been done. 

 Fig. 9. And fig. 10. Shows the longitudinal strain distribution in the edge of the sheet during path of 

forming. Longitudinal strain of the flange edge between stations begins. And immediately reaches a maximum 

just before the center of the Forming station, then strain immediately decreases when the roller gets close to the 

center of forming. 

 
 

Fig. 9: Longitudinal strain distribution flange edge relative to displacement, experiment results [6]. 

 
 

Fig. 10: Longitudinal strain distribution flange edge relative to displacement, the numerical results. 

 

 Comparing the results indicates that there are good agreement between numerical simulations and 

experimental results. Error of the mean maximum longitudinal strain numerical results relative to experimental 

results are about 9%. By shrinking the grading and applied changes as the optimum parameters, Percent error 

can be brought to the smallest amount. 
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The maximum longitudinal strain: 

 One of the most important and most studied parameters in the cold roll-forming process is the study of the 

strain changes in the longitudinal direction which is supposed to be the anisotropy. Thus, the effects of 

distribution of the maximum longitudinal strain ratio relative to 0R , 45R  and 90R has been investigated. As the 

fig. 11. , Fig. 12. And fig. 13.It is seen with increasing strain in the different directions forming, the maximum 

strain in the longitudinal direction has been increased. 

 

 
Fig. 11: Distribution of maximum longitudinal strain relative to

0R . 

 

 
Fig. 12: Distribution of maximum longitudinal strain relative to

45R . 

 

 
Fig. 13: Distribution of maximum longitudinal strain relative to

90R . 

 

Summary and Conclusions: 

 In this paper, by finite element simulation, the effect anisotropy on the cold roll-forming process parameters 

has been investigated. So the following results have been obtained. 

1. Amounts of maximum longitudinal strain has increased with increasing anisotropy strain ratio in the direction 

of Forming.  

2.  Maximum longitudinal strain has increased with increasing anisotropy strain ratio in the direction of 45 

degrees. 

3. Maximum longitudinal strain has risen with increasing anisotropy strain ratio in the direction perpendicular to 

the path of forming. 
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Notations: 

w  Transverse strain E Young's modulus 

L Longitudinal strainF, G, H, N, M andLAnisotropy constants 

t Thickness strainRNormal anisotropy 

nom Nominal strain Poisson's ratio 

tru True strain nom Nominal stress 

PL Plastic strain tru True stress 

el Elastic strain y Yield stress 

 

REFERENCES 

 

[1] Bhattacharyya, D., P.D. Smith, C. Yee, I. Collins, 1984. The prediction of deformation length in cold roll-

forming. Journal of mechanical working technology, 9(2): 181-191.  

[2] Chiang, K.F., 1984. Cold roll forming. ResearchSpace@ Auckland.    

[3] Fewtrell, J., 1990. An experimental analysis of operating conditions in cold roll-forming. Aston 

University.    

[4] Hosford, W.F., R.M. Caddell, 2011. Metal forming: mechanics and metallurgy: Cambridge University 

Press. 

[5] Hu, J., Z. Marciniak, J. Duncan, 2002. Mechanics of sheet metal forming: Butterworth-Heinemann. 

[6] Lindgren, M., 2005. Finite element model of roll forming of a U-channel profile. Paper presented at the 

8th International Conference on Technology of Plasticity. 

[7] Lindgren, M., 2007. Cold roll forming of a U-channel made of high strength steel. Journal of materials 

processing technology, 186(1): 77-81.  

[8] Nasrollahi, V., B. Arezoo, 2012. Prediction of springback in sheet metal components with holes on the 

bending area, using experiments, finite element and neural networks. Materials & Design, 36: 331-336.  

[9] Tang, B., G. Zhao, Z. Wang, 2008. A mixed hardening rule coupled with Hill48’yielding function to 

predict the springback of sheet U-bending. International Journal of Material Forming, 1(3): 169-175.  

[10] Tehrani, M.S., P. Hartley, H.M. Naeini, H. Khademizadeh, 2006. Localised edge buckling in cold roll-

forming of symmetric channel section. Thin-walled structures, 44(2): 184-196. 


