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Force Measurements Supporting the Set-up Process in Roll 

Forming  
 

Tilman Traub 

Christoph Miks 

Peter Groche 

 

Abstract 

 

Shorter development cycles and smaller production batches due to a higher 

demand for individual designed products challenge conventional forming 

processes. Roll forming is a very competitive manufacturing method for large 

scale production of profiles. Due to high set-up times and reducing production 

batches, however, this advantage is increasingly challenged. Recent 

developments summarized under the slogan óIndustry 4.0ô aim at improving 

process quality and reducing non-productive time by a systematic use of 

sensors and a smart evaluation of sensor data. This study investigates how 

measurements of the forming forces in roll forming processes can serve as a 

basis for an accelerated set-up process and therefore, increase competitiveness, 

even for smaller production batches. The results show that numerical 

simulations can be used for the prediction of the forces in a roll forming process 

featuring a perfect set-up. In contrast, numerical simulations are usually not 

able to predict forces in a faulty set-up process since the maladjustments are 

usually not known. The evaluation of measurement data collected during a roll 

forming process, however, shows a correlation between the intendedly 

introduced maladjustment and the deviation of the forces evaluated in the 

numerical simulation and recorded during the process. Hence, the combination 

of numerical simulations and load measurements in the real roll forming 

process can serve as a basis for an assistance system for an accelerated set-up 

process, by means of intelligent sensor use. 

 

Keywords: Industry 4.0, Load measurement; Manufacturing, Numerical 

simulation, Roll Forming.  
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Introduction 

 

Roll forming is the most dominant method for producing cold sections 

[1] and is especially appropriate for large-scale production. In 2002, up to 

10% of the world steel production was processed by this manufacturing 

method [2]. Roll formed components are applied in a wide field of 

applications, for instance in the automotive, construction and furniture 

industry [3]. 

During the last decades, the manufacturing environment shaped by 

decreasing product lifecycles and increasing product variety changed 

dramatically. According to a study published by Roland Berger in 2012, the 

product variety doubled between 1997 and 2012 and a further increase is to 

be expected [4]. At the same time, product lifecycles and, therefore, 

manufacturing periods decreased by 25 % [4]. In consequence, production 

batches and the time available for the optimization of a manufacturing 

process are shrinking, too. However, due to the large number of set-up 

parameters provided by a roll forming line, up to 40 % of the total plant 

occupancy time is used for the set-up and troubleshooting process [5]. 

Decreasing production batches and shorter product lifecycles, therefore, 

challenge the productivity of roll forming processes. 

The reason for this time consuming set-up and troubleshooting process 

is that the source of a geometrical deviation of the finished product is 

usually identified in several trial and error loops, based on the operatorôs 

experience. In the age of the fourth industrial revolution, óIndustry 4.0ô, 

measurements of workpiece geometry or process forces pave the way for a 

more systematic approach for troubleshooting. In linear flow splitting 

processes [6], for instance, inline measurements of the geometry of the 

resulting bifurcation [7] is possible due to the small spring back of the 

workpiece. These inline geometry measurements can provide support to the 

machine operator while he is optimizing the set-up of the linear flow 

splitting tools. In roll forming, however, an inline measurement of the 

product geometry between roll forming stands in order to early identify 

malpositions of roll forming tools is usually difficult since the blank sheet is 

fixed in the previous and consecutive roll forming stand. In consequence, 

the profile cannot spring back and a measurement cannot reliably gauge the 

current profile geometry. Therefore, the inline geometry measurement is 

hardly appropriate to support the set-up process here. Other forming processes 

face similar problems since the workpiece is not accessible for geometry 

measurements during the process. Previous studies on bulk metal forming 

processes show that load measurements can provide a way out of this 

dilemma. Load measurements can, for example, support the identification of 

process inaccuracies as they are caused by set-up errors or wear [8]. In addition, 

force measurements in bulk metal forming can even be used to adjust running 

processes according to changing process conditions as they might occur due 

to geometric deviations of the input material [9]. Terzyk et al. demonstrate 

that the combination of numerical simulations and force measurements are a 

powerful tool to assist machine operators in the troubleshooting process of a 

cold extrusion process [10]. These findings raise the question how 

numerical simulations can reliably predict forming forces in a roll forming 
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process and how force measurements can support operators in the identification 

of malpositions of the forming tools. This study will investigate these 

questions by applying numerical simulations and online force measurements 

on a roll forming process manufacturing a symmetrical U-channel. 

 

 

Literature Review  

 

Roll Forming and Process Design 

 

Roll forming is characterized as a continuous bending method using 

rotating tool movements [1]. Figure 1 depicts a scheme of a roll forming 

process converting an initial flat metal strip (left) into a U-channel (right). 

Although industrial roll forming lines count up to 70 forming passes [3] 

only two passes are considered in this sketch to simplify the illustration. 

Multiple pairs of contoured rolls are pulling the sheet through the roll 

forming machine due to friction forces and forming it at the same time 

without intentionally changing the sheet thickness [1]. 

 

Figure 1. Schematic Illustration of a Roll Forming Process 

 
Source: Own Illustration. 

 

The state of deformation and stress in a roll forming process is not 

limited to two dimensions as ordinary bending processes [1]. The reason for 

this three dimensional deformation is that the forming process does not only 

occur in the roll forming pass but also in the so called deformation length in 

between the passes. As a result of this three dimensional deformation, the 

edge region of the profile might suffer longitudinal strains [1]. The 

occurrence of longitudinal edge strains exceeding the elastic formability of 

the material is one of the main causes for geometrical distortions of the 

finished profile such as bow (curvature in vertical direction), twist (shaped 

in a spiral form) and camber (curvature in horizontal direction) (Figure 2) 

[1]. Bhattacharyya et al. calculate the deformation length in a forming 

process of a U-channel with respect to the sheet thickness, the bending angle 

increment and the flange length [11]. Moreover, numerical studies by Hong 

et al. suggest that besides these quantities the material, deformation rate and 

the tool design affect the deformation length [12]. 



ATINER CONFERENCE PAPER SERIES No: MEC2017-2346 

 

6 

Figure 2. Illustration of the Product Defects Camber, Bow and Twist 

 
Source: Own illustration following Halmos: Roll forming Handbook, p. 4-3 [1]. 

 

In order to avoid product defects, the design of a roll forming process 

focuses on limiting the longitudinal edge strain [3]. Therefore, the bending 

angle increments are defined and thus the number of forming steps required 

is calculated. On the one hand, smaller bending angle increments 

(corresponding with more forming steps) reduce the deformation length and 

thus the longitudinal strain [3]. On the other hand, an increasing number of 

forming stands increases the financial investment required for the machine 

and tool [3]. Therefore, a tradeoff between safe process design and a limited 

number of process steps has to be found. During the design process the 

process designers are usually supported by specialized software packages 

combining numerical and analytical methods [13, 14]. The final bending 

angle sequence is frequently summarized in flower pattern diagrams. 

Besides the flower pattern, additional set-up parameters have to be 

defined during the design process, e. g. the horizontal position of the 

forming rolls, the vertical positions of the bearing blocks adjusting the tool 

gap between upper and lower rolls and the distance between forming passes 

(see red arrows in Figure 1). The design of the final roll forming pass also 

has to consider the springback of the material. Groche et al. demonstrated 

that an inline compensation of springback in a roll forming process is 

possible if geometry measurements are combined with a controller and a 

calibration pass [15]. In this particular study an inline measurement of the 

profile geometry after the last forming stand was enabled due to a large 

distance of the measurement from the last forming pass so that the profile 

could completely spring back. 

As a result of the design process, a set-up is defined which is expected 

to result in profiles meeting the specifications. However, in the real set-up 

of the forming process these process parameters have to be met in order to 

avoid the induction of additional forming effects. These additional 

deformations possibly increase the longitudinal edge strain and, therefore, 

cause product defects like bow, twist and camber [1]. If failures occur, the 

machine operators usually have to identify the cause of this error based on 

their experience resulting in a time-consuming trial and error process. 

 

Numerical Simulation of Roll Forming Loads 

 

In the past, numerous studies focused on the numerical representation 

of roll forming processes. With respect to this study, investigations aiming 
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at the evaluation of roll forming loads are highly relevant. Therefore, only 

those studies will be summarized in the following. 

Numerical simulations in roll forming are exposed to the dilemma of 

fine mesh structures being necessary to receive valid results and the large 

computational effort these mesh structures require. To solve this problem, 

Istrate and Schmoeckel apply different element sizes in the bending zones 

and straight sections of a profile [16]. Alsamhan et al. apply dual meshes 

and remeshing techniques aiming at an evaluation of membrane strain 

distribution [17, 18]. Lindgren presented a numerical model using rigid 

tools and evaluated - among others - forming forces [19]. He discovered 

differences of up to 35 % between experimental and numerical values. 

Larranaga employs a simulation model using rigid tools, too [20]. In 

addition to Lindgrenôs approach, Larranaga uses a fine meshed strip across 

the sheet width to evaluate forming loads in this zone. His results show 

differences between experiment and simulation of up to approximately 

40 %. Groche et al. adopted Larranagaôs approach by applying a fine 

meshed strip and additionally considered the stiffness and backlash of the 

roll forming mill [21, 22]. Their results show that a realistic reproduction of 

the forming loads occurring in a roll forming process by numerical 

simulations is possible by taking these process quantities into account. 

Based on numerical analyses, Abeyrathna et al. present an approach 

allowing the inline compensation of shape defects by monitoring forming 

loads and the subsequent readjustment of the tooling without validating the 

approach experimentally [23].  

 

Force Measurement in Roll Forming 

 

Starting in the 1960s, several authors investigated the forming forces 

occurring in roll forming processes. In the beginning, the focus of research 

has been improving the knowledge of roll forming processes. The objective 

of different authors is the description of the dependency of forming forces 

from process properties. Oswald conducted investigations analyzing the 

influence of sheet thickness, sheet width, material properties, profile 

geometry and tool geometry on the forming loads [24]. Hübner and 

Neubauer developed analytical methods to predict the minimal forming load 

and validated them with Oswaldôs results [25]. For their particular 

application, the results of the analytical calculation and the experiments are 

in good accordance. However, they state that the analytically determined 

minimal forming load is not sufficient for the dimensioning of the roll 

forming mill but serves as a reference value for the process set-up. Based on 

load measurements Kokado and Onoda show that forming loads in a roll 

forming process can be estimated by a simple die bending experiment [26].  

Eichler published detailed investigations on roll forming experiments 

aiming at a comprehensive understanding and prediction of the roll forming 

process [27]. For this purpose, he varied the profile geometry (different 

profile types, dimensions and sheet thicknesses) and the bending angle 

sequence. Although he found dependencies between forming loads and 

process properties, he came to the conclusion that an analytical description 

and prediction of forming loads in roll forming is not possible. 
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In 2007 and 2011, Lindgren [28] and Larranaga [20] conducted load 

measurements in roll forming processes, aiming at an improved understanding 

of the process and providing data to validate numerical simulation models. 

Furthermore, Larranaga observed oscillations superimposing the force signal 

which he ascribed to eccentricities of the forming tools [20]. Saenz de 

Argandona et al. examined the influence of changing tool gaps on the roll 

forming forces in a one-step roll forming process [29]. According to their 

results, decreasing tool gaps increase the forming force and decrease 

springback. However, since in this experiment only a one-step forming process 

has been analyzed, the transfer on a multistep roll forming process has to be 

done. 

Based on these findings, it can be expected that the measurement of roll 

forming forces contributes to a quicker identification of malpositions of 

forming tools. This study will investigate the effect of intendedly caused 

malpositions on forming forces and discuss whether and how force 

measurements can support an accelerated process set-up. 

 

 

Methodology  

 

General Approach 

 

The objective of this study is to investigate how force measurements in 

roll forming can support the identification of malpositions in the process set-

up and how numerical simulations can provide reliable reference data for 

the set-up. In this study, a roll forming process of a U-channel having a 

bending radius of 3.0 mm is analyzed. A roll forming line type P450/4 built 

by voestalpine is used for the experiments (Figure 3 top left). The forming 

process includes six forming passes having the bending angle sequence and 

flower pattern depicted in Figure 3, bottom right. Forming passes one to 

three employ bottom and top rolls only featuring a diameter of 250 mm. The 

other forming passes use side rolls, too. They have a diameter of 150 mm at 

most. In case of side rolls used in a forming pass, the diameter of the top 

rolls is raised to 300 mm in order to provide additional assembly space for 

the support of the side rolls. The positions of bottom and side rolls are fixed 

at each shaft while the top rolls are supported floatingly on the upper shaft. 

The distance between the forming stands covers 525 mm. The feed speed is 

6 m/min. A typical mild steel grade S235JR with a sheet thickness of 

2.0 mm is used for this study. The blank sheets feature a length of 1.5 m. 

Figure 3 bottom left is showing the resulting profile. 

Load sensors type C9B by HBM are installed at the upper shaft for the 

load measurements. The sensors are placed between the bearing block and 

the adjustment spindle (Figure 3 top right). Thus the sensors record the 

vertical forming force (z-direction) acting as reaction force on the roll 

forming mill. Two sensors are placed in each roll forming stand measuring 

the loads occurring at the left and right bearing block, respectively. Each 

sensor is fixed by two bolts and prestressed with a load of 1.0 kN. The 

connection of the sensors is realized by a type MX840A universal amplifier 
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by HBM, which has been inserted into a module carrier type BP001. The 

measurement data are recorded using a sample rate of 50 Hz. 

 

Figure 3. Used Roll Forming Line (Top Left), Installation of Load Sensors 

(Top Right), Resulting Profile (Bottom Left) and Flower Pattern of the 

Investigated Profile (Bottom Right) 

 
Source: Own Illustration. 

 

Description of the Numerical Model 

 

In order to investigate how numerical simulations can provide reliable 

force estimates in roll forming processes, a numerical model is designed 

using the software Simulia Abaqus, version 6.13-3. The numerical 

simulation adapts an approach described in [21] on the profile used in this 

study. Hama et al. demonstrate that in roll forming implicit solvers result in 

more reliable results than explicit solvers [30]. Therefore, the static/general 

implicit solver is employed. Due to symmetry, only one half of the process 

is to be modelled (plane of symmetry: x-z-plane, see Figure 4). The tools are 

modelled as rigid bodies and the blank sheet is designed as isotropic 

material featuring elastic (Youngôs Modulus 210,000 MPa, lateral-

contraction coefficient 0.3) and plastic (defined by flow curves) properties. 

The plastic material properties are determined from tensile tests. The 

orientation of the specimen for the tensile test is transverse to the roll 

forming direction since the maximum strain occurs in this direction. The 

contact between tool and blank sheet is modeled frictionless due to the 

usually negligible influence of friction on the results of numerical 

simulations of roll forming processes, if only process forces and the profile 

geometry are evaluated [22]. In order to account for the flattening of the 

tools the contact enforcement method relies on a penalty method using a 

contact stiffness of 1,500 N/mm³ [22]. The length of the blank sheet in the 

numerical simulation is reduced to 1,230 mm in order to accelerate the 

numerical simulation. The blank sheet is moved through the roll forming 

mill by a boundary condition providing a displacement in x-direction with 



ATINER CONFERENCE PAPER SERIES No: MEC2017-2346 

 

10 

constant velocity. This boundary condition is applied on the web section of 

the lead edge of the blank sheet. 

 

Figure 4. Illustration of the Numerical Model (Top) and Mesh Structure 

(Bottom) 

 
Source: Own Illustration. 

 

The mesh of the blank sheet is structured in several zones of finer and 

coarser meshes for efficiency reasons. Transition zones between all zones of 

fine and coarse meshes guarantee a gradual transition of the mesh structure. 

The mesh of the model considers three elements in thickness direction [21]. 

The element length in y-direction in the bending zone is 0.75 mm and 

increases up to approximately 5.0 mm in the web and the flange area. The 

element size in x-direction is 5.0 mm, apart from a fine meshed section of 

10 mm in length at the front edge of the blank sheet guaranteeing a smooth 

inlet of the blank sheet into the forming stands. Furthermore, a fine meshed 

strip (30 mm in length) is defined featuring an element size of 0.75 mm in 

x-direction. The center of this strip is 615 mm apart from the lead edge of 

the blank sheet. While this fine meshed strip is in a particular roll forming 

stand, the lead and tail edge of the blank sheet is still clamped in the 

consecutive or previous forming pass, respectively. The forming forces are 

evaluated when this fine meshed strip is in a particular forming stand [21]. 

Linear elements featuring the incompatible mode integration method are 

used for the mesh of the blank sheet (Abaqus element library type C3D8I). 

The simulation is improved in several steps. In the beginning, the tools 

are fixed and the tool gap matches the sheet thickness, i. e. backlash is not 

considered. In the next step the top rolls are supported by springs accounting 

for the stiffness of the roll forming mill. The stiffness of the mill has been 

calculated in [21] based on mechanical considerations. The stiffness of the 

mill is 63,000 N/mm. Due to symmetry the top rolls are, therefore, 

supported by springs featuring a stiffness of 31,500 N/mm. Last but not 

least, the backlash of the mill is considered. Measurements in [22] resulted 
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in backlash values in a range of 0.35 mm to 0.6 mm for individual roll 

forming stands. 

The forces evaluated from the numerical model are compared to the 

experimental values received in a roll forming process with correct set-up. 

 

Experimental Procedure 

 

The force measurements provide continuous force signals of twelve 

load cells (passes 1 to 6 left and right, respectively). Each measurement is 

repeated three times and evaluated as described below. For further 

discussion of the results the arithmetic mean of these three measurements is 

calculated. The error bars included in the figures illustrate the maximum 

scatter of the force signals recorded in the three measurements.  

 

Figure 5. Processing of the Experimental Data from Pass 1 Left 

 
Source: Own Data. 

 

In order to enable a comparison of the measurements gained at different 

process set-ups, the continuous load signals are converted into mean values. 

The calculation method is illustrated in Figure 5 at the example of the 

forming force recorded in pass one left. For the determination of the inlet 

and outlet of the blank sheet in a roll forming stand a threshold of 250 N is 

used (see horizontal red dashed line in Figure 5). If this value is exceeded, 

the start of the process is defined in this pass. The end of the process is 

identified accordingly when the threshold is undercut again. In order to 

avoid an influence of the inlet and outlet, furthermore a time threshold of 1 s 

is employed (see vertical red dashed lines in Figure 5). For the calculation 

of the mean force in a particular pass all values between these limits are 

considered.  

The sum of the force values received at the left and right hand side of 

the roll forming stand equals the total forming load of this pass. 

Furthermore, due to the design of the sensor assembly the prestress of the 

bolts has to be added to the force values since the prestress is totally 

compensated by the process force. Figure 6 is summarizing the continuous 

load signals (not considering the prestress of the bolts, Figure 6 left) and the 
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calculated mean values (including the prestress of the bolts, Figure 6 right) 

at the example of a reference measurement without intendedly applied 

malpositions. 

 

Figure 6. Comparison of Continuous Load Signals and Calculated Mean 

Values 

 
Source: Own Data. 

 

Four general process set-ups are considered in the investigation. First of 

all, the process is set-up ideally, i. e. all tools are placed at the correct 

position. This reference measurement is repeated each test day in order to 

exclude incidental environmental influences on the measurements. 

Secondly, the influence of a changing gap size between top and bottom roll 

is analyzed, changing the tool gap from 2.0 mm to 1.8 mm and 2.2 mm in 

pass two. In the third experiment, the influence of the horizontal and vertical 

position of the tools is analyzed. Therefore, the roll forming tools installed 

in roll forming pass three are moved 5 mm to the left side, right side, 

upwards or downwards, respectively. The shift of 5 mm corresponds to 

approximately 1 % of the stand distance. Last but not least, the influence of 

tilted shafts on the force values is examined. For this purpose, the shafts in 

pass three are tilted for 0.2° to the left and right side, respectively. 

Besides the vertical forming force, the geometry of the produced 

profiles is measured, too. A goniometer is used for the evaluation of the 

bending angles. The occurrence of the shape defects bow and camber is 

gauged using a steel ruler as straight reference and depth calipers. Bow and 

camber are evaluated according to EN 10162 [31]. 

 

 

Results 

 

Comparison of Experimental and Numerical Results 

 

The force components in z-direction acting on the top rolls are 

compared to the experimental results gained in the forming process with the 
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ideal process set-up. Figure 7 is showing the numerical and experimental 

results for forming pass two. 

 

Figure 7. Comparison of Roll Forming Forces Evaluated in Experiments 

and Numerical Simulations 

 
Source: Own Data. 

 

The first column is providing the force value resulting from a numerical 

simulation which does not consider the behavior of the roll forming mill, 

i. e. does not consider backlash or compliance of the roll forming mill. In 

accordance with previous studies [19, 20, 21], this simulation model is 

overestimating the force recorded in experimental tests (column four) by 

approximately 50 %. In order to improve the simulation, the second model 

considers the compliance of the roll forming stand which has been calculated 

analytically [21, 22]. Although the evaluated force signals decline, the 

predicted force value is still higher than the result of the experiment. In the 

third simulation, backlash located in the bearings and the adjustment spindle 

is considered in the numerical model by increasing the gap between top and 

bottom rolls. The results of this simulation match the experimental results. 

Similar results as described in Figure 7 for pass two, are found for 

passes three, four and five. In the first and last forming stand, however, the 

simulation is underestimating (pass one) or overestimating (pass six) the 

experimental results. The reason for this finding is that in the experiments 

the blank sheet is inserted into the first pass and removed from the sixth pass 

manually. This human influence on the process has not been considered in the 

numerical model, yet. 

In conclusion, the numerical model considering the mechanical 

behavior of the roll forming mill by modelling the backlash and stiffness 

behavior of each stand is able to reliably predict forming forces occurring in 

a roll forming process. 

 

Influence of Tool Gap Size 

 

In the first experimental set-up the influence of a changing tool gap is 

investigated. For this purpose, the tool gap between bottom and top roll is 

reduced from 2.0 mm to 1.8 mm or increased to 2.2 mm, respectively. The 
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change of 0.2 mm is equivalent to 10 % of the sheet thickness. Figure 8 

summarizes the results of these experiments. Since the manipulation of the 

tool gap in step two does not only affect the force signals in this pass but 

also the signals of the consecutive pass, the force signals of pass two and 

three are depicted. 

 

Figure 8. Influence of Changing Tool Gaps on the Vertical Reaction Force 

in this and the Consecutive Roll Forming Stand 

 
Source: Own Data. 

 

If the tool gap is reduced by 0.2 mm, the vertical reaction force 

measured in pass two increases by 17 %. The reason for this increase is that 

the angle increment processed in pass two is increasing due to the reduced 

tool gap. Figure 8 bottom illustrates this behavior. The left half of this 

sketch describes the behavior of the roll forming mill if the tool gap is 

adjusted correctly or even wider. Due to the backlash and the compliance of 

the roll forming stand, the tool gap increases even more. In consequence, the 

bending angle in this pass is smaller than expected. If the size of the tool 

gap is reduced, the size of this additional space decreases or even vanishes, 

if the reduction is greater than the backlash and deflection. In consequence, 

the bending angle increases until the designed bending angle is reached. If 

the tool gap size is further reduced so that the backlash and deflection is 

overcompensated, additional rolling processes are induced in the web 

section, causing an excessive increase of the forming forces. In the 

experiments carried out for this study, this process state has not been 

provoked in order to prevent damage from the load cells and machine 

components. Therefore, additional thinning of the blank sheet in the web 
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section does not occur as it is confirmed in measurements using an outside 

micrometer. Due to the increased bending angle resulting from forming pass 

two with reduced tool gap, the bending angle increment formed in pass three 

decreases. Hence, the force measured in the third pass decreases in this set-

up. 

If the tool gap in pass two is increased, however, the bending angle and 

the measured forming force are decreasing in accordance with the explanation 

given above. Due to the reduced bending angle produced in pass two and 

serving as input for pass three, the bending angle increment in pass three 

increases. Thus the forming force recorded there increases, too (Figure 8 right). 

Due to the fact that the final bending angle of the process is defined in the 

sixth forming pass which is not changed in this experiment, the effect of this 

kind of malposition on the final bending angle is negligible. Furthermore, 

neither bow nor camber change significantly because of the changing gap size 

in pass two. These findings suggest that the additional deformation induced by 

the reduced gap size does not critically raise the longitudinal edge strain. 

 

Influence of Horizontal and Vertical Tool Position 

 

The next experiment analyzes whether and how measurements of the 

vertical reaction force can identify malpositions of the forming tools. The 

malposition is characterized by either a horizontal (Figure 9 left) or vertical 

(Figure 9 right) offset of the tool from the designed position. Figure 9 

summarizes the change of the measured force signals. In order to ease the 

comparison, the measured force signals are weighted by the forces measured 

in a process with the designed tool set-up. 

Figure 9 left analyses the influence of a horizontal displacement of the 

tools on the measured forming force in vertical direction. For this purpose 

the tools in forming pass three are shifted to the left or right hand side, 

respectively, by approximately 5.0 mm, which is about 1 % of the distance 

between two roll forming stands. Figure 9 bottom left illustrates this 

displacement. As the results presented in Figure 9 top left indicate, the force 

signals in pass three slightly increase due to these malpositions. In contrast, 

the signals in the neighboring forming stands two and four do not change 

significantly, although a small increase is observed. Furthermore, compared 

to the experiments analyzing the influence of the tool gap width, the scatter 

of the force signals increases. The reason for the increase of the force 

signals in step three is the additional bending of the profile in longitudinal 

direction around a vertical bending axis (parallel to z-direction). However, 

due to the application of the load sensors recording only the vertical 

component of the roll forming force the increase of the load signal is small 

in pass three and not significant in pass two and four. The additional 

bending around a vertical axis causes a bending moment resulting in 

increased forming forces in horizontal direction. Although the current 

sensor set-up is able to detect the horizontal malposition, load sensors 

recording the horizontal component acting in a roll forming pass might, 

therefore, provide even more detailed information on this failure.  
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Figure 9. Influence of Changing Tool Positions on the Force Signals in this 

and Neighboring Roll Forming Stands 

 
Source: Own Data. 

 

The horizontal displacement of the tools in pass three slightly 

influences the resulting profile geometry. While the mean bending angle 

calculated from the angles of the left and right leg of the U-channel remains 

nearly constant, the left bending angle slightly increases and the right 

bending angle slightly decreases, if the tools are displaced to the left hand 

side. Furthermore, the camber to the left hand side rises from 0.5 mm/m to 

1.1 mm/m and the bow in downward direction increases from 1.0 mm/m to 

1.2 mm/m (Figure 10). A shift of the tools to the right hand side does not 

affect the bending angles. The change of the camber and bow shows the 

opposite behavior, i. e. an additional curvature to the right hand side 

(decreasing camber value) and in upward direction (decreasing bow value) 

is induced, compared to the reference configuration (Figure 10). However, 

due to the increased scatter these changes are not significant. In conclusion, 

the influence of the horizontal displacement is evident from both, load 

measurements and the evaluation of the profile geometry. 
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Figure 10. Influence of the Horizontal Tool Position on the Product Defects 

Camber and Bow and Definition of Positive Camber and Bow 

 
Source: Own Data. 

 

Besides a malposition in horizontal direction a failure in the vertical 

direction can occur, too. Therefore, another experiment investigates the 

influence of a vertical shift or drop of the tools (see sketch in Figure 9 

bottom right). For this purpose, the vertical position of the tools in pass 

three is raised or lowered by 5.0 mm. The bar chart in Figure 9 top right 

summarizes the changes of the load signals in passes two, three and four for 

a rise or drop of the vertical tool position, compared to a process set-up 

without malposition in vertical direction. Unlike the case of a horizontal 

displacement, a vertical malposition does not change the load signals 

significantly in each of the forming passes. While the load signals in passes 

two and four tend to decrease and increase slightly, respectively, for both a 

shift in upward and downward direction, the change of the signal in pass 

three is changing its behavior. If the vertical position is moved downward, 

the forming force in pass three slightly increases while it drops if the 

vertical tool position is increased. 

The bending angles and camber evaluated from the roll formed profiles 

do not show any changes in comparison to the reference measurement. The 

bow, however, increases from 1.0 mm/m in the reference measurement to 

1.2 mm/m and 1.4 mm/m, if the tools in pass three are moved in upward or 

downward direction, respectively (Figure 11). Still, due to an increased 

scatter in the measurements with malposition, only the change for the shift 

in downward direction is significant.  
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Figure 11. Influence of the Vertical Tool Position on the Product Defects 

Camber and Bow and Definition of Positive Camber and Bow 

 
Source: Own Data. 

 

The reason for the small, insignificant change of the vertical load signal 

and the small changes in the profile geometry in the case of a vertical 

malposition is the geometrical moment of inertia of the profile. An additional 

bending operation in longitudinal direction is induced for both failure modes 

investigated in this section. The bending axis for the horizontal displacement is 

parallel to the z-axis, while in case of a vertical displacement, it is parallel to 

the y-axis. The profile cross section in pass three counteracts a bending 

around the z-axis with a geometrical moment of inertia of approximately 

750,000 mm
4
, while it is only 53,000 mm

4
 in the case of an additional 

bending around the y-axis. In consequence, the bending moment and thus 

the additional loads required for the bending in case of a horizontal 

malposition is greater than in the second failure mode caused by a vertical 

displacement. Moreover, due to the smaller geometrical moment of inertia 

and, therefore, the smaller resistance to bending, the additional longitudinal 

edge strain induced by the additional bending is smaller for the vertical 

displacement. In consequence, the effect of the vertical displacement on the 

profile geometry is smaller than the influence of the horizontal malposition. 

Therefore, the geometrical properties of the profile are an additional reason 

for the small influence of the vertical displacement in this experiment. 

 

Influence of Tilted Shafts 

 

In the last experiment, the influence of tilted shafts on the load 

measurements is analyzed. In the experiment, the upper and lower shafts of 

pass three is tilted by 0.2° to the left and right hand side, respectively (see 

Figure 12 top). During the process, the force measurements do not change 

significantly due to this malposition. However, the load signals are 

superimposed by an oscillation which is very small, compared to the load 

signals and, therefore, hardly detectable during the forming process. In 

contrast, the oscillation of the load signals is clearly visible, if the shafts 

rotate without a blank sheet being formed in this forming stand (Figure 12 

bottom). 
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Figure 12. Influence of Tilted Shafts on the Force Signals in a Roll Forming 

Process 

 
Source: Own Data. 

 

Accordingly, the diagrams depicted in Figure 12 bottom illustrate the 

force signals recorded in pass three when the shafts are tilted and no blank 

sheet is formed in this pass (idle running). The load signals recorded at the 

left and right bearing block are evaluated individually in this case. The 

signals recorded in a set-up with horizontal shafts exhibit superimposed 

oscillations (blue curves). In contrast, if the shafts are tilted to the left (red 

curve) and right (green curve) hand side, respectively, the recorded load 

signals show a superimposed oscillation. The oscillations are more evident 

at the left hand side. This is due to the design of the roll forming mill which 

possesses a fixed bearing at the right bearing block and a floating bearing at 

the left hand side. The frequency of the oscillation (0.13 Hz) is in 

accordance with the frequency of the rotation of the shafts which can be 

calculated using the feed speed (6 m/min) and the tool diameter (250 mm) 

as input quantities. Due to the small tilting angles investigated in this study, 

a systematic effect of this malposition on the profile geometry is not 

observed. However, the investigation of larger tilt angles is not possible 

with the roll forming line used in these experiments since the bearings 

would possibly suffer damage if larger tilt angles were applied. 

 

 

Discussion  

 

The results of this study demonstrate that a reliable prediction of 

forming forces occurring in a roll forming process is possible using 

numerical simulations. However, in order to receive realistic data, the 

mechanical behavior of the roll forming mill has to be analyzed and 

understood in detail. The comparison of experimentally and numerically 

determined forming forces suggests that it is inevitable to include the 

compliance behavior and backlash of the roll forming mill in the numerical 
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model if realistic force values are to be evaluated. In turn, numerical models 

considering these factors of influence can provide target values for the set-

up of a real forming process. 

The measurement of the vertical reaction force in roll forming processes 

showed that maladjustments of the roll forming tools result in changing load 

signals and affect the geometry of the final profile. Furthermore, the 

evaluation of the effect of different malpositions on the load signals implies 

that the change of the load signals can be used to identify the kind of the 

malposition. In these experiments, the following dependencies have been 

identified: 

 

¶ An increase (decrease) of the vertical forming force in one forming 

pass and a force decrease (increase) in the consecutive pass suggests 

that the tool gap in this pass is too small (large). 

¶ An increase of the vertical forming force in just one forming stand 

implies a horizontal displacement of the tools. Furthermore, this 

failure causes an increased scatter of the load signals. 

¶ A vertical displacement of forming tools, however, could not be 

identified by changing load signals. In turn, this failure did only 

slightly affect the profile quality. 

¶ Tilting of the shafts of a roll forming machine results in the 

superposition of oscillations on the load signal. Since the amplitude 

of these oscillations is small, compared to the forming force, this 

failure can be identified better in an idle running process. 

 

Especially the numerical results show that detailed knowledge of the 

mechanical behavior of the roll forming mill is inevitable for the interpretation 

of the measurement results. For instance, Larranaga [20] observed the 

superposition of oscillations in his load measurements of a roll forming 

process, too. However, according to Larranaga the cause for this phenomenon 

in his study is an eccentricity in his set-up. In this study, however, oscillations 

are ascribed to tilted shafts. Thus, the individual machine behavior has to be 

included in the definition of countermeasures, if load measurements are to be 

used for an improved set-up of a roll forming machine. The application of 

additional load sensors supervising load components in additional directions 

might, furthermore, provide the opportunity to reduce the influence of the 

mechanical behavior of the roll forming machine. In addition, these added 

sensors might enable the identification of additional failure modes such as 

vertical displacements. Furthermore, the change of, for instance, force signals 

describing the horizontal component of the forming force might even provide 

information about the direction of a horizontal malposition of the tools which 

cannot be identified by the measurement of the vertical load component. Still, 

additional studies are required to investigate these hypotheses since the current 

design of the roll forming mill used in this study does not provide the 

application of horizontal load sensors. 

Last but not least, the influence of the malpositions in the process on 

the profile geometry is discussed. A change of the gap size between top and 

bottom rolls does not change the profile geometry in this study. This finding 

is true as long as the malposition is not induced in the last forming stand and 
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as long as the backlash and compliance of the roll forming mill are still 

greater than the reduction of the roll forming mill. Therefore, a thickness 

reduction of the profile is not expected. Horizontal and vertical malpositions 

of forming tools affect the resulting bow or camber. Due to the fact that the 

profile geometry and forming sequence applied in this study is based on a 

very conservative design of the process, the effects of the malpositions on 

the profile geometry are quite small. However, the results of this study 

prove a connection between malpositions and product defects. Additionally, 

load measurements can identify malpositions even for this robust process 

design. These findings suggest that for more sensitive forming sequences 

similar results might be found and the effect on the profile geometry is even 

more evident. 

The results of this study indicate that the comparison of measured load 

values to target values, which are, for instance, predicted by numerical 

simulations, are a feasible approach to support machine operators in the 

identification of sources of error. Even though the current set-up is not yet 

able to distinguish between all possible errors, at least it can indicate the 

forming pass where a malposition exists. With this additional information, 

machine operators can launch their trial and error loops more target 

orientated and, therefore, accelerate the set-up process. Load measurements 

in roll forming can, therefore, be a powerful tool supporting machine 

operators to find malpositions, inaccurate process set-ups and the cause of 

product defects. Future studies will investigate, which additional sensor 

equipment is necessary to enrich the sensor information regarding the actual 

cause of the error. 

 

 

Conclusions  

 

The results of this study show that numerical simulations are able to 

predict forming loads in roll forming reliably. The predicted load values 

can, for instance, serve as target values in a set-up of a real forming process. 

Load measurements of the vertical forming force are sensitive to malpositions 

in the roll forming process. Therefore, the load signals can be used to 

identify maladjustments and thus support and accelerate the set-up process. 

The application of load measurements and the real time evaluation of the 

collected data can be a major element of assistance systems supporting 

machine operators in a networked plant environment. Further studies at PtU 

will provide cornerstones for these assistance systems. 
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