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ABSTRACT 

 

Roll forming is the process of bending welded pipe, tube, closed or open profiles from sheet metal strips by 

using rolls and reels. In this study, the roll design processes of the roll form machines and the stages of 

designing rolls according to a C-type profile with the Ubeco PROFIL® software are examined. The 

manufacture of rolls is the most important parameter that affects the costs in roll forming lines. It is essential 

to keep the number of stations and the rolls used in these stations at an optimal level according to the product 

to be rolled. It is possible to calculate the number of passes where the profile can be formed most 

appropriately, to determine how the rolls should be positioned and to obtain the technical drawings of the rolls 

that need to be manufactured for each station with the help of roll forming software products. This study 

examines the edge stresses and optimum amount of rolls at the stations where the product can be rolled 

without exceeding the strain limits. 

Keywords: Roll forming, sheet metal forming, roll design, edge stresses, pass design. 

 

 

1. INTRODUCTION 

 

The industry manufacturing methods used today are based on the principle of the ability to 

manufacture in the shortest time with the most affordable cost. Different and less costly systems 

are developed every day. Roll forming is a profile manufacturing process that emerged in early 

1900s, and it progresses every day. It is based on the logic of stage by stage bending of the sheet 

metals with the roll systems. The automation units added to these systems provide increasingly 

more efficient processes, and roll forming becomes an important manufacturing method in the 

production of open or closed profiles. 

When the literature about roll forming is examined, it is observed that the researchers 

conducted studies on productivity increase in roll forming processes, simulation, stress analyses 

for different materials, flexible production methods, mathematical modelling and finding the 

number of optimum station numbers. Han et al. [1] developed a theoretical model based on the 

deformation mechanics and the B-spline finite element method. The model was implemented to 

analyse the progressive roll forming analysis of a channel section and showed that the 

deformation was mainly in the leg and corner regions of the channel section. Although the 

software work is a useful one, it needs to be modified for profiles with different shapes. Sheikh 

and Palavilayil [2] and Jeong et al. [3] studied the stress s imulations of the profiles by using the 
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SHAPE-RF software [4]. In the roll forming industry, examples of other software that allow 

detailed analyses and designs in roll design like SHAPE-RF [4] include PROFIL® [5], 

COPRA®RF [6] and Simply Roll Design [7]. 

This study was conducted on a profile model and the results for a C-type profile by using the 

PROFIL®[5] software, and it looks similar to the publication by Sheikh and Palavilayil [2]. 

Lindgren [8] investigated the longitudinal peak strain at the flange edge and deformation length 

when the yield strength increases. These values have an important role in finding the distance 

between the stands when designing a machine. Similar to the study by Lindgren, Safdarian et al. 

[9] studied the effects on the edge stresses and waisting in curves of some parameters such as 

bending angle increase, sheet metal thickness, cross-section width, flow speed of the profile from 

the machine and distance between the stands. The results of the simulation with the MSC Marc® 

[10] software showed that the deformation length increases and the longitudinal stress decreases 

as the endurance strength increases. This confirmed the inverse proportion between the yield 

strength and the deformation length. Oh and Kim [11] created a cost function from the results 

obtained from the experiments such as the response surface methodology and used it to minimize 

the design constraints. Similar to the study of Oh and Kim, Zeng et al. [12] used the response 

surface methodology and conducted an optimization study. The most frequent defects of the roll 

forming process is the edge waviness [13]. Donmez and Kocabas [14, 15] made an experimental 

study on the defects of edge waviness in the roll forming process of thin sheet metals and found 

that the edge height in sheet metal has the greatest effect in the waviness defects. Gulceken [16] 

conducted studies on the experimental and theoretical determination of the parameters necessary 

for a profile analysis in the flexible roll forming process. Groche et al [17] suggested a new roll 

forming process with high flexibility that can be numerically controlled. They developed a single 

step analytical model using the material type and geometric data and decreased the roll design 

periods. Kasaei et al. [18] and Yoon et al. [19] changed the positions of the stands and rolls with 

the flexible roll forming production line they established and realized the productions of profiles 

in different shapes. 

The finite elements analysis (FEA) of the roll designs defines the positions of the elements in 

the system usually before the simulation. In this case, the closed loop control possibility is 

removed. Jenkouk et al. [20] developed a FEA simulation system that can work on a real time 

closed loop control by using eight variables including turning, feeding ratio, roll paths, etc. A 

remarkable practical area of roll forming processes is the fact that the defects of the 

manufacturing profiles can be eliminated while the effects of various properties of different 

material on the production process are decreased. Wiebenga et al. [21] suggested that optimum 

processes can be obtained by using adjustable instruments together with robust optimization 

techniques in the last stand of the roll forming process. Shim et al. [22] suggested the use of a 

double stage stand in regions with axial ripples to minimize the profile effects and to increase the 

product quality, as it provided success in their experimental works. 

This paper examines the basic processes of the roll forming line and focuses on the roll design 

which has become the heart of the roll forming process. As the roll manufacturing is a costly 

process, it is the most important factor affecting the costs in roll forming lines. It is essential to 

keep the number of stations and the rolls used in these stations at an optimal level according to the 

product to be rolled. There are various software which makes it is possible to calculate the 

number of stations where the profile to be used can be formed most appropriately, to determine 

how the rolls should be positioned and to obtain the drawings of the rolls that need to be 

manufactured for each station. The purpose is to roll the product with the most convenient 

number of stations without forcing the stress limits. Therefore, the edge stresses should be 

examined when passing from one station to another. In this study, the rolls are designed by using 

the Ubeco PROFIL® [5], which is a roll forming design software. The stages of roll design and 

the method of stand design for C-type profile are expressed. In the applications, roll arrangements 

were made according to the profile shapes at the stations and the drawings of the produced rolls 
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that exported to CAD software are shown. With the applications of machine layouts with different 

station numbers, the profile passes were observed and the most convenient production conditions 

were obtained according to the given shape of the profile. 

 

2. ROLL DESIGN PROCESS 

 

Halmos [13] explained all the details of roll design and provided various examples. During 

the roll forming process, a flat sheet metal takes form progressively towards its final shape, and 

this process takes place by turning the shaped rolls when the profile material passes the stations. 

Figure 1 shows the way of progressive forming of a sheet metal. The purpose here is to shape the 

material without forcing the stress by using the least number of stations. Too rapid forming, i.e. 

using very few stations, will create excess stress in the material and deform the manufactured 

profile material. The operation ranges of the conventional roll forming machines were confirmed 

by the simulation and experimental works as shown in Table 1 [24]. 

 

 
 

Figure 1. Progressive forming of a sheet metal using roll forming process [23] 

 

Table 1. Operation range of the roll forming machines [24]  
 

Variable Measurement range
 

  

Strip width (mm) 5-2000 

Strip thickness (mm) 0,15-10 

Section tolerance (mm) ± 0,38 

Angle tolerance (degree) 

Line Speed (m/min) 

Production Volume (m/8 h) 

±1-2° 

30-100 

7600-12200 
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Using extra stations will require additional rolls which will create a non-economical process. 

Figure 2 includes the changes in the profiles according to the number of stations. The designer 

determines the required number of stations necessary for the proper form of the material. For 

example, a short edge material can be made in one, two, three or more passes depending on 

different factors. Bending process can be completed in consecutive stations or require additional 

operations. For example, an edge of 90° can be made in the first three passes of 30°, 60° and 90° 

respectively, or it can be completed in two passes to make up first to 60° and then to 90° [13]. 

Then the designer should determine the flow of the material. Forming can be started by providing 

balls (Figure 3.a) in the centre or lips (Figure 3.b) in the edges in the next stations. If the designer 

adds additional stations for a less risky forming, then the manufactured machine will not be 

competitive because rolls are expensive. On the other hand, using fewer stations than required 

will cause the rolls to be costlier, requiring back up rolls and causing high scrap value and high 

set up times. The first roll design method is the scientific method by Fred Gradous [25] which is 

still being used. 

 

 
 

Figure 2. Changes in the product by the number of stations [13] 

 

 
 

Figure 3. Forming methods (a) in the center (b) on the edges [13] 

 

The number of stations and forming quantities are determined by creating the section of the 

material for each station. For example, if the designer designs the material in a way that the 

material takes forms from the centre as in Figure 3.a, it is followed by the lip stations on the edges 

and by the process of forming the legs. Figure 4 shows a split flower diagram while Figure 5 

shows a typical flower diagram. In addition to top, side and front views, the 3-D models can 

easily be produced by the data transferred to the CAD software. When the designer is satisfied 

with the flower diagram, he moves to the roll design stage. The most probable rules of having 
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operator friendly rolls are the following: creating a smooth and soft flow of material; being 

generous about the number of forming passes; avoiding short horizontal distances and small entry 

connections; and considering all requirements [13]. In addition, the material to form should be 

suitable for the process, a suitable type of lubricant should be used and there should be a well-

trained operator in the setup of roll forming lines. If all conditions are convenient, good roll sets 

can manufacture millions of meters long products of high quality. 

 

 
 

Figure 4. Roll forming split flower diagram [13] 

 

 
 

Figure 5. Roll forming typical flower diagram [13] 

 

3. MATHEMATICAL ANALYSIS OF THE ROLL FORMING PROCESS 

 

The cross section of the roll forming product is one of the most important factors in roll 

design. Designs can be optionally classified as open, closed, medium complex, very complex and 

panel. The section depth is the maximum vertical height of the profile at exit from the last station. 

The depth (also called “leg length” or “leg height” or “corrugation depth”) has a great impact on 

the number of stations [13]. In cases like folding, the maximum vertical length can form on a 

station other than the last station. More stations are required for deeper sections. Figure 6 shows 

the theoretical flow of a U-profile. Band length extends from point A to point B along the beam ℓ. 

The number of stations is n and the distance between stands is m. The edges of the strip extend 

along the helical roll with the same leg length as h. The beam ℓ and the progress length s are as 

given in Eq. (1) and Eq. (2) [13]. 
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Figure 6. Theoretical illustration of the travel of the profile edge [13] 

 

ℓ = 𝑛 ∗ 𝑚                                                                                                                                 (1) 
 

𝑠 = √ℓ2 + 𝑐2                                                                                                                           (2) 
 

In Eq. (2), c is the arc length from point F to point D. In this case the progress length s is 

expressed with Eq. (3). 
 

𝑠 = √ℓ2 + (ℎ2/4)𝜋2 =  √ℓ2 + 2.467ℎ2                                                                    (3) 
 

The elongation (the amount of length between ℓ and s) is expressed in percentage. The 

theoretical elongation amount e is shown in Eq. (4). 
 

𝑒 =
𝑠−ℓ

ℓ
100%                                                                                                                    (4) 

 

When the height is doubled, the elongation increases by four times. Similarly, when the 

height is increased by four times, the elongation increases by sixteen times. There is a square 

proportion between height and elongation. A similar relation is observed between the station 

number and the elongation amount or the horizontal length and the elongation amount. Reducing 

the number of stations to half increases the elongation amount four times. If the horizontal 

distance is reduced to half then the elongation increases by four times. The above mathematical 

approach was developed when forming the materials. In reality, the edge flow cannot be smooth. 

Therefore, the real elongation amount will be more than the value that is calculated with Eq. (4). 

If the stress exceeds the elasticity limit, then there will be bows, cambers or twists. As this limit is 

related with Y (yield stress), the waviness is reduced by a higher Y value and lower E (modulus of 

elasticity) value if other conditions are the same [13]. 

 

4. MODELING WITH PROFIL
®

 SOFTWARE 

 

There are different machine options and open profile shapes in the Ubeco PROFIL® software. 

The selected machine can be changed later. The profile selection can be done by using the ready 

icons or can be drawn in a CAD software and imported to the PROFIL® software. These icons are 

suitable for simple open profiles in different shapes, and it is not possible to draw profiles in 

complex structure by using them. For example, to make a C profile design, the “C-profile” icon is 

selected and the profile’s edge lengths, and corner radius values are entered as shown in Figure 7. 

This realizes the two-dimensional design of the profile that is intended to be manufactured.  

The material St24-2 was used to create a design with a wall thickness of 2 mm and a distance 

of 300 mm between stands. The yield strength (Re) and the tensile strength (Rm) values of the 
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selected material are 380 N/mm2 and 450 N/mm2 respectively [5]. The corresponding standard of 

the material is DIN 1614-1:1986 with St 24 grade and springback factor is 0.99 [26]. It is low 

carbon non-alloyed mild steel for cold rolling with the obligation of batch annealing and the 

amount of Cr+Ni+Cu+Mo is maximum 0.21 % [27]. In the profile stress analysis (PSA) [5], the 

surface of the strip is divided into small rectangular shell elements and the longitudinal stresses 

are calculated at the edges and the whole profile. The meshing properties are as follows: 4 mm of 

line segments, 20° of small arc segment angle, 4 mm of large arc segment length, 8 mm of length 

of the shell segments in longitudinal direction and the radius of the centerline of the sheet is 2.5 

times larger than sheet thickness. PSA is a very quick method and can be used while designing 

the stations and the termination times are very similar and there is no significant difference for 

different station numbers. 

 

 
 

Figure 7. C-profile dimensions 

 

The C-profile that emerged with the entered dimensions is shown in Figure 8. The critical 

properties like the wall thickness of the material, the material type, the distance between stands, 

the material width and the machine type are entered as shown in Figure 9. 

 

 
 

Figure 8. C-profile that is created with the entered dimensions 
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Figure 9. Machine and material properties 

 

5. RESULTS AND DISCUSSIONS 

 

In the optimization study, parameters such as the distance between the machine stands, the 

material type and the profile shape are fixed except number of the stands. Edge stresses and 

amount of rolls have been selected as the objective function. Profile and roll design was obtained 

between six and twelve passes and also the angle of profile bending between the stands was not 

changed. The roll forming process was repeated with the most appropriate angle values and the 

six pass machine design with the highest edge stress values and the ten pass machine design with 

the optimum objective values were shared. Other pass numbers have not been addressed. The 

purpose of this publication is to present the worst and best possibilities that may arise. It is known 

that changing the spacing between the stands or changing the bending angles affects the number 

of passes, but in this study only the effect of the number of stands parameter on the edge stresses 

and amount of rolls is examined. 

 

5.1.  Machine Design for Rolling a C-Profile in Six Passes 

 

First, the manufacture of the product in six stations was considered. Therefore, an open profile 

was selected and then the flower pattern diagram of the profile was obtained (Figure 10). 

Although it was anticipated that this production cannot be made in six stations with the preferred 

distance between the stands, this application was conducted to observe the extent of exceeding the 

yield stress limit of the used material by the edge stresses. Figure 11 shows the edge stress values 

that took place after the bending process in six stations. The yield stress (Re) limit value of the 

selected material is 380 N/mm2.  

 

 
 

Figure 10. Flower pattern diagram of profile with six passes 
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Figure 11. Edge stress ratios of profile with six passes (maximum value:219% of the yield 

strength) 

Figure 12. Stress analysis of the profile during passing from the third station to the fourth station 

L01 refers to the final pass and L06 refers to the first pass. The second, third and fourth passes 

were found to have the most stresses. Figure 12 shows the shape and stresses of the material when 

passing from the third pass to the fourth pass according to the PSA. When Figure 11 was 

examined, the edge stress value in the L04 pass was measured as 832.2 N/mm2 and a value was 

obtained which was 2.19 times the yield stress limit of the used material. The profile colours in 

Figure 12 show that the yield stress limit values are exceeded. The red coloured area refers to 

high edge stresses. 

As shown in Figure 11 and Figure 12, the yield stress limit is exceeded in edge stresses in six 

stations according to the machine values entered in the bending process of the C-profile. 

Therefore, the number of stations should be increased to ensure the defect free manufacture of the 

C-profile.  

5.2.  Machine Design for Rolling a C-profile in Ten Passes 

The previous application shows the problems emerge when it is intended to manufacture the 

profile in six stations. The station number was changed between six and twelve to eliminate these 

problems and new stress values was calculated according to these number of stations. The 

machine with ten passes gave the optimum objective values. Figure 13 shows the flower pattern 

diagram of the profile for ten stations. As it can be seen from the flower diagram, the passes 

between stations are soft and it is possible to estimate that the bending process will be free of 

problems. Although there may be a solution with fewer stations with changing some other 

parameters, but in this study other parameters are not examined. So it was obtained that the 

machine with ten stations is optimum which is far from the yield stress limit values of the 

material. Figure 14 shows the 3-D model of the passes of the profile between stations. Figure 15 

shows the split flower diagram of the material for ten stations. It is possible to examine what the 

static values are at any station. As an example, the static values of the sixth station are shown in 

Figure 16. 

 Re=380 N/mm
2

832.2 N/mm
2
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 Figure 13. Flower pattern diagram of  Figure 14. 3-D model of the passes 

     profile with ten passes      between stations 

The stresses in passes from one station to other station did not reach the yield stress limit 

values in this example. Also the amount of rolls with ten passes are at the optimum levels 

considering to higher number of stands. When the bending process was conducted in ten stations, 

the emerging edge stress values are shown in Figure 17. As mentioned above, L01 refers to the 

final station and L10 refers to the first station. If we examine Figure 17, the edge stress value of 

the third station was measured as the highest value with 277.4 N/mm2 which was 0.73 times of the 

yield stress limit of the material. Therefore, the design profile can be manufactured free of 

problems as the stress limit values are not forced when ten stations are used. The shape and 

stresses of the material when passing from the second station to the third station are shown in 

Figure 18 according to the profile stress analysis. 

After the optimum station number is obtained, the roll designs for the stands where the profile 

will pass need to be made. We have already mentioned about the importance of the rolls to be 

used in the roll forming machines in the process costs. Therefore, the start and finish points of the 

rolls to be used in the passes of the profile from the stations should be carefully determined and 

the top, bottom, right and left roll sets should be designed. In order to ensure that the extensions in 

the rolls are not more than necessary, these extensions should be kept at the optimum level during 

the roll design. Figure 19 shows the roll layout for L01 which is the final station, and Figure 20 

shows the solid models of the profile and the rolls. 

Figure 15. Split flower diagram with ten passes   Figure 16. Static values of the sixth pass 
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Figure 17. Edge stress ratios of the profile with ten passes (maximum value:73% of the yield 

strength) 

Figure 19. The drawings of all rolls with the profile of the L01 station 

The rolls of all stations can be designed in the way explained above, and NC codes can be 

generated for each roll. After that, rolls are manufactured with the help of a CNC machine. The 

 Re=380 N/mm
2
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solid models of the rolls and the profile shapes at the stations can be transferred to CAD software. 

Figure 21 shows the profile shapes in the stations, and the roll layouts positioned according to 

these shapes. It is more advantageous to start from the right and left roll designs during the roll 

design stage. If there is a problem in the roll layout in any station, the technical drawing of the 

profile is sent to the CAD software, and more detailed rolls can be designed with this software. 

Figure 22 shows the split flower models of the profiles at all stations respectively without rolls. 

The stress values for the first machine design with six stands (worst possibility) and the second 

machine design with ten stands with optimum objective values are shown in Table 2. It can be 

easily understood from the Table 2 that there are big differences between best and worst possible 

machine designs. If these differences are not considered and only the amount of rolls is thought, 

the process will have terrible defects on the manufactured profile. So it must be given more 

attention for producing of rolls with optimum objective values like edge stresses and amount of 

rolls. 

 

 
 

Figure 20. The profile and solid models of rolls at the L01 station 

 

M. Soyaslan     / Sigma J Eng & Nat Sci 36 (3), 677-691, 2018 



 

689 

 

 
 

Figure 21. Solid models of the rolls and profiles at all stations 

 

 
 

Figure 22. Solid models of the profiles at all stations 

 

Table 2. Stress values for different machines 
 

Station 

order 

First 

Machine  

(with six 

passes),  

N/mm2 

Yield 

Stress 

Limit  

(%) 

 

Second 

Machine  

(with ten 

passes), 

 N/mm2 

Yield 

Stress 

Limit  

(%) 

 

1 15.2 %    4 15.2 % 4 

2 801.8 % 211 228 % 60 

3  832.2 % 219 277.4 % 73 

4 653.6 % 172 266  % 70 

5 

6 

7 

8 

9 

10 

364.8 

57 

- 

- 

- 

- 

%  96 

%  15 

- 

- 

- 

- 

239.4 

205.2 

159.6 

102.6 

45.6 

7.6 

% 63 

% 54 

% 42 

% 27 

% 12 

% 2 

The yield stress limit value of the used material is 380 N/mm2. 
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6. CONCLUSIONS 

 

This study explains the design calculations of the rolls used in the roll forming lines. The 

optimum rolls' arrangements for a C-type profile are obtained with Ubeco PROFIL® software. 

The fact that the roll components in the machines are important instruments for the roll forming 

process was discussed and also the essential matters to consider in designing these instruments 

were mentioned. If one wishes to obtain sufficient processes in the roll forming operation, the 

machine design software should be used and how the edge stresses take place during the passes 

between stations should be observed before the manufacturing of the rolls. The distance between 

the stands or the number of stands should be determined according to edge stresses. As the defects 

occurring during the roll design stage will cause high costs, much attention should be paid to this 

stage. While it is known that the use of the high number of stations is beneficial for the edge 

stresses, but the amount of the rolls must also be taken into consideration as an objective function 

in terms of costs. 

The machine design with six stations caused the emergence of a process much above the 

safety limits for the C-profile and an edge stress as high as 219% of the yield stress limit was 

obtained when passing from the third pass to the fourth pass. Therefore, the number of stations 

was increased, and the process steps were repeated. The machine design with ten passes gave the 

optimum edge stresses and optimum amount of rolls. The maximum edge stress in this machine 

design was at 73% of the yield stress limit. In this case, the number of stations selected for the 

production of C-type profile shape stayed within the safety stress limits and thus roll designs were 

obtained. As there is no detailed optimization study on determining the number of stations and 

rolls according to multiple parameter changing, the future work will be about multiple parameter 

optimization at roll forming lines. 
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