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Abstract
The presented paper provides a modelling strategy for roll forming of a high strength AA7075 aluminum tube. Roll forming 
allows the cost-effective production of large quantities of long profiles. Forming of high strength aluminum brings challenges 
like high springback and poor formability due to the low Young’s modulus, low ductility and high yield strength. Forming 
processes with high strength aluminum, such as the AA7075 alloy, therefore require a detailed process design. Three different 
forming strategies, one double radius strategy and two W-forming strategies are discussed in the paper. The paper addresses 
the question whether common roll forming strategies are appropriate for the challenge of roll forming of a high strength 
aluminum tube. For this purpose, different forming strategies are investigated numerically regarding buckling, longitudinal 
strain distribution and final geometry. While geometry is quite the same for all strategies, buckling and strain distribution 
differ with every strategy. The result of the numerical investigation is an open tube that can be welded into a closed tube in 
a subsequent step. Finally, roll forming experiments are conducted and compared with the numerical results.
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1 Introduction

Current research in production technology focuses primar-
ily on increasing resource efficiency and thus follows the 
approach of fundamental sustainability of processes and 
products. High strength aluminum alloys (e.g. AA7075) are 
commonly used in aerospace applications in spite of their 
high cost of about 5 €/kg and poor formability [1]. Due to 
ambitious legal requirements, such as the  CO2 target in auto-
motive engineering, new lightweight construction concepts 
are still needed [2]. An excellent basis is offered by the 
production of high strength AA7075 thin walled tubes as 
semi-finished products by roll forming. These can be further 
processed in subsequent customized processes such as weld-
ing, stamping, cutting or rotary swaging.

According to DIN 8586, roll forming is a bending tech-
nology with rotating tool motion to produce open and closed 
profiles [3]. Several pairs of forming rolls are aligned one 
behind the other for the forming process. The friction 
between the rotating forming rolls and the sheet metal 

causes a forward movement of the sheet. Simultaneously 
the sheet is formed in and between the stations. For the pro-
duction of large quantities, roll forming is a cost-effective 
manufacturing process, compared to tube extrusion or tube 
drawing. Roll forming can also be competitive for smaller 
quantities, if the number of forming passes is small enough 
[4]. The incremental nature of the roll forming process also 
allows forming of high strength materials, such as ultra high 
strength steel (UHSS) [5].

During roll forming there is a limit for the amount of 
deformation regarding buckling limit strain (BLS), which 
can be reached in one forming station [6]. Abeyrathna [5], 
Park [7] and Bui [8] showed that longitudinal strain has a 
major impact on product defects, such as bow or buckling. 
The maximum longitudinal strain occurs in the area of 
the band edge. Plastic elongation in the roll gap between 
the forming rolls followed by compression when the sheet 
leaves the forming rolls leads to buckling. Figure 1 illus-
trates the elongation, followed by compression when form-
ing a tube. To prevent buckling, the maximum longitudinal 
strain must be low. Once buckling takes place, welding of 
the formed tube becomes very difficult or even impossible 
[9]. Parameters with a large influence on buckling are the 
stiffness of the sheet and the yield strength of the material. 
According to Halmos [10], elongation of the band edge 
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depends on the flange height and inter-station distance ld . 
High bending angles of a single forming station Θp and a 
small inter-station distance ld lead to large elongation of 
the band edge and thus to buckling. For circular sections 
(e.g. tube), the BLS is 5–10 times higher than the BLS for 
a U-profile [6].

Groche et al. [11], Park et al. [7], Zou et al. [12] and 
Lee et al. [13] showed that roll forming of high strength 
materials and especially of high strength aluminum brings 
challenges compared to commonly roll formed steel 
grades. High strength leads to high springback and thus 
to less dimensional accuracy in the processed part. Param-
eters, which have an influence on springback are shown 
in Table 1. Difficulties regarding aluminum include early 
fracture due to low ductility, higher springback and redun-
dant deformation. This requires a well-designed forming 
strategy in order to get the lowest possible springback and 
buckling in the roll forming process and the best quality of 
the processed part. In contrast, aluminum shows a good-
natured behavior with regard to buckling due to a higher 
value of BLS compared to steel [14].

2  State of the art roll forming of tubes

Roll forming of tubes has been numerically investigated in 
the past. Wen and Pick [16] as well as Salmani et al. [17] 
investigated edge buckling when roll forming circular tube 
sections. Breitenbach [15] and [18] compared different form-
ing strategies regarding forming behavior. Different forming 
strategies for roll forming of tubes, which have been investi-
gated, are illustrated in Fig. 2.

The single radius-forming strategy has the advantage to 
form tubes with different sheet thickness on the same tool. 
A flower pattern with constant bending radius over the 
entire cross-section of the sheet is characteristic for the sin-
gle radius-forming. For high-strength materials, the single 
radius-forming strategy is not applicable due to high spring-
back caused by the high elastic bending content [10, 18].

The double radius- and W-forming strategies are appro-
priate for high strength steels. For both strategies, two radii 
are combined in each pass, whereby the radius in the edge 
area is equal to the end radius already in the first pass of the 
process [18]. In contrast to double radius forming, a negative 
bending is initially introduced in the middle section in the 
W-forming process. The main advantage of this strategy is 
that the final radius can be formed into the band edge area 
at the first pass of the process [18]. Another approach is 
described by Jiang et al. [19] with a cage roll forming mill 
for the production of electric resistance welded pipes.

The height displacement of the profile is called “up-hill” 
or “down-hill”. During the down-hill strategy, the profile is 
lowered step by step in each pass. The use of a down-hill 
forming strategy can reduce plastic elongation in the band 
edge and thus the number of forming stations [10]. Based 
on the fundamental differences in roll forming between alu-
minum and steel, this publication addresses the question if 
one of the strategies suits for forming a tube of the high-
strength aluminum alloy AA7075.

Fig. 1  Elongation of the band edge, followed by compression in the 
roll forming process

Table 1  Parameters with an influence on springback during roll form-
ing [15]

Parameter Yield 
strength ↑

Young’s 
modu-
lus ↑

Bending 
radius ↑

Sheet 
thick-
ness ↑

Forming 
strategy

Amount 
of 
spring-
back

↑ ↓ ↑ ↓ To be 
investi-
gated

Fig. 2  Flower patterns of different forming strategies for roll forming 
of a tube [According to 15]
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3  FE‑Simulation of the roll forming process

The roll forming tools are designed by numerical simulation 
of the process. The target geometry is a tube with an outer 
diameter of d = 54.98 mm ( ro = 27,49 mm∕ri = 25,99 mm ) 
and a wall thickness of s0 = 1.5 mm . An AA7075-T6 alu-
minum alloy is used for the roll forming process. Table 2 
shows the mechanical properties of the alloy.

3.1  FE‑Model for the roll forming process

In this investigation, the model serves to predict the final 
geometry of the tube in the process design phase, especially 
with regard to buckling. According to Volk et al. [20], accu-
racy and precision of a model are important for process 
design, while model execution time or flexibility are of much 
less importance. An accurate model must deliver an output 
close to the output of the real process [21]. In the numerical 
investigations, the roll forming process is designed with the 
Software UBECO Profil and the FE-Software MSC Marc 
Mentat 2012. The tools designed in UBECO Profil are man-
ually imported into Marc Mentat using a python script. The 
flow curve for the numerical simulation shown in Fig. 6 was 
obtained by tensile tests according to DIN EN ISO 6892:1 
[22] on a Zwick Roell 100 tensile testing machine and is 
based on the Ludwik–Holomon equation. Therefore, tensile 
specimen with a width of 12.5 mm were milled from the alu-
minum coil. An isotropic hardening model is implemented 
in the simulation (Fig. 3).

Damm [23], Bui [8], Groche [24] and Mueller [25, 26] 
showed that friction has not a huge influence on the results 
in roll forming simulations in terms of profile geometry. 
Thus, friction is neglected in the FE-model to reduce com-
puting time. The simulation uses a node-to-segment contact 
algorithm. In the FE-model, the roll forming stand and the 
roll forming tools are rigid due to insignificant influence on 
the geometrical outputs of the simulation, such as strains or 
geometry [26]. Only the evaluation of load conditions (force, 
torque) would require compliant tools [24].

The aim in the selection of the meshing strategy is to 
compromise between result accuracy of the simulation and 
computation efficiency. Moneke [27] and Goertan [28] use 
an element size of 5 mm in sheet length direction in their 
models for the simulation of a roll forming process. At least 
two element layers in direction of the sheet thickness are 

necessary to represent the different stress states across the 
sheet thickness [29]. A convergence analysis was performed 
with a finer mesh (2.5 mm × 2 mm × 0.375 mm) successfully 
to verify the mesh size (5 mm × 2 mm × 0.75 mm) by evalu-
ation of the final geometry. Computing time (1 Core—Intel 
i7-6700 CPU) increases from 90 h for the standard mesh 
to 230 h for the fine mesh. To emulate the calibration pro-
cess with the occurring tangential and radial compressive 
stresses with sufficient accuracy, the model is based on solid 
8-node elements. Figure 4 shows the simulation setup of the 
half-symmetric roll forming process and the key boundary 
conditions.

3.1.1  Initial situation

In the initial design stage for finding an appropriate forming 
strategy, the focus is on achieving the target geometry and 
avoid plastic buckling by keeping longitudinal strain low in 
the band edge. The most economical way to design a roll 
forming process is to keep longitudinal strain just below 
the BLS. For design of the roll forming strategies, the cross 
section is divided into two parts (Fig. 5).

Figure 6 shows the procedure for designing the roll 
forming process. The first step is the definition of the tar-
get geometry, followed by the design of the flower pattern 
with UBECO Profil. The profile stress analysis (PSA) 
in UBECO Profil is based on a geometric model of the 
forming section and gives a fast overview of the longitu-
dinal stress (strain) distribution during the forming pro-
cess. When the strain is below the critical limit, the tools 

Table 2  Mechanical properties of the AA7075 alloy

Yield strength  Rp0,2 
(MPa)

Tensile strength  Rm 
(MPa)

Young’s Modulus E 
(GPa)

Elongation at frac-
ture A (%)

Density ρ (g/cm3) Sheet thickness  s0 
(mm)

Sheet width  b0 
(mm)

505 567 72 11 2.81 1.5 168

Fig. 3  Flowcurve of the AA7075 aluminum alloy
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are transferred to the FE-model. The results of the FE-
analysis are more accurate than the PSA and provide the 
stresses and springback during the entire forming process. 
When buckling or bow occurs, another forming strategy 
is required. In the last step, the focus is on increasing 
process efficiency by reducing the amount of passes.

The first forming strategy suggested automatically 
by UBECO Profil after defining the target geometry is 
a double radius-forming strategy and has 27 passes in 
total. Based on tube forming sequences in literature [15, 
16], the number of passes is reduced to 14 passes by skip-
ping every second pass, in order to increase process effi-
ciency. After the reduction to 14 passes, the edge strain is 
still below the critical limit in every stage of the process 
according to the PSA. The approach for the first forming 
strategy is to form the tube in uniform increments and to 
keep the longitudinal strain low in the band edge. The 
further approach is to calculate the stresses of the formed 
tube to arrive at the number of passes required. Forming 
strategy 2R is the first strategy numerically investigated 
by the FE-software Marc Mentat.

3.1.2  Double radius forming

The aim of the investigation of forming strategy 2R is to 
provide a basis for improvement by designing further form-
ing strategies. Forming strategy 2R has 14 passes in total 
including two fin passes, to keep the strategy comparable to 
the first double radius-forming strategy. In order to achieve 
a smooth forming behavior of the band edge, the radius in 
the band edge area is r1 = 30mm in pass 1 and reduced to 
the final radius r1 = 26mm until pass 5. From pass 5 the 
target radius is formed ( r1 = ri ) in the band edge. Radius r2 
in the middle section of the sheet is reduced in every path 
to achieve uniform forming increments. For the first strat-
egy 2R investigated, this is the approach of the design for 
the flower pattern. The unrolled length in the band edge 
area is a1 = 22.3mm in the first two passes, as suggested by 
UBECO Profil, and increases in every pass. The top rolls of 
the fin passes induce a circumferential compression on the 
tube to create the target geometry and to reduce springback. 
In the last pass, the final geometry is formed within each 
forming strategy.

Fig. 4  Setup of FE-model

Fig. 5  Divided cross section of 
the tube—schematic illustration 
of the double radius forming 
strategy
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3.1.3  W‑forming strategies

Forming strategy W1 is quite similar to forming strategy 2R, 
except for the W-forming pass at the begin of the process. 
Furthermore, a breakdown pass replaces the side rolls in 
pass two. The goal of the investigation of forming strategy 
W1 is to see the influence of the W-forming stage in the first 
stage on the forming behavior and buckling.

The next step in the optimization process is to reduce the 
number of passes and to increase efficiency of the process. 
In general, the approach is to keep the longitudinal strain in 

the band edge as equal as possible in every pass and simul-
taneously avoiding high peaks of longitudinal strain. Within 
the second W-forming strategy W2 the end radius r1 = ri 
is bended in the first pass already. In addition, the unrolled 
length near the band edge is a1 = 34.4mm from the first 
pass, which is longer compared to strategy 2R and W1. The 
idea is to create a larger zone of extensive bending from 
the begin of the forming process to reduce springback and 
increase efficiency. Another improvement is the implementa-
tion of the downhill-strategy.

3.1.4  Summary of the strategies

Figure 7 and Table 3 show a summary of the forming strate-
gies, investigated in this paper. The forming strategies are 
defined by means of the software UBECO Profil. The last 
five passes have the same geometry within each forming 
strategy, to keep the focus on the tube forming process and 
minimize the impact of the fin passes on the results.

3.2  Discussion of the FE‑results

For comparison of the forming strategies the longitudinal 
strain in the band edge is evaluated for each forming strat-
egy. Figure 8 shows the node for evaluating the longitudinal 
strain and the strain distribution in the band edge. The node 
is located in a distance of 600 mm from the front of the 
sheet.

Figure 9 illustrates the geometry of the tube and the paths 
of the band edge in y- and z-direction for all forming strate-
gies. It shows that edge waves and bow occur for the form-
ing strategy 2R. Both W-forming strategies show a good-
natured behavior regarding buckling, whereby strategy W1 
also shows longitudinal bow, similar to the 2R strategy. In 
the evaluation area, the maximum deviation of the band edge 
of W2 in y-direction is Δy = 0.26mm and Δy = 0.69mm for 
W1.

2R:

Fig. 6  Iterative design process for the development of roll forming 
tools

Fig. 7  Summary of roll forming strategies—*F: Fin-pass, *W: W-pass



578 Production Engineering (2021) 15:573–586

1 3

Figure 10 shows the longitudinal strain during the whole 
forming process. During 2R strategy, the side rolls in the 
second and fourth pass cause high longitudinal strain in the 
band edge. Maximum longitudinal strain during the process 
is � = 0.0198 for the 2R forming strategy. The fact that buck-
ling (edge waves) and longitudinal bow occur for the dou-
ble radius forming strategy requires another process design 
for the double radius strategy (e.g. more passes) or another 
forming strategy.

W1:
Characteristic in the first pass (W-forming pass) is the 

change from tension to compression in the band edge, which 
results from the W-shape of the rolls. Plastic longitudinal 
strain is negative after the first pass (Fig. 11). Through the 
longitudinal compression of the band edge after pass one and 

the replacement of the side rolls in pass two through a break-
down pass, the longitudinal strain is reduced in pass two. 
The change from positive to negative strain allows higher 
bending angles in the next passes without exceeding the 
BLS. This results in a small reduction of the maximum total 
longitudinal strain from � = 0.0198 to � = 0.0194 . For plas-
tic strain, the maximum value is reduced from � = 0.0128 to 
� = 0.0118 . Regarding final geometry, there is no significant 
difference between R2 and W1 forming strategy, except for 
the appearance of buckling.

W2:
The goal is to keep longitudinal strain as equal as possi-

ble in every stage of the process. Through the implementa-
tion of the down-hill forming, the efficiency of the process 
increases. The profile is lowered in each pass to reduce the 
elongation of the band edge and reduce the plastic elonga-
tion in the band edge. The down-hill forming enables to 
maximize the bending angle in the first pass without exceed-
ing its critical value [16, 17]. Nevertheless, the elongation 
of the band edge increases in the first pass compared to the 
other forming strategies.

Figure 10 shows that the total longitudinal strain in the 
band edge has peaks of approximately the same size over 
the entire process length. This results from the optimized 
flower pattern with enlargement of the unrolled length in 
the band edge area a1 and the down-hill forming. For the 
W2-forming strategy, the maximum value of longitudinal 
strain of � = 0.0155 is low, compared to � = 0.0198 (2R) 
and � = 0.0194 (W1). After the first pass, longitudinal 
strain is nearly zero. From pass two to four, peak longitu-
dinal strain increases from pass to pass, but it is still below 
the critical value for buckling. The highest longitudinal 
strain of � = 0.0155 occurs in the fin passes. The use of 

Table 3  Geometry of each forming pass in each forming strategy

Pass 2R W1 W2

a1 (mm) r1 (mm) a2 (mm) r2 (mm) a1 (mm) r1 (mm) a2 (mm) r2 (mm) a1 (mm) r1 (mm) a2 (mm) r2 (mm)

1 22.3 30 61.7 250 22.3 30 61.7 − 250 34.4 26 49.6 − 200
2 22.3 30 61.7 150 22.3 30 61.7 150 34.4 26 49.6 200
3 23.6 28 60.4 119 23.6 28 60.4 119 34.4 26 49.6 100
4 23.6 28 60.4 91 23.6 28 60.4 91 34.4 26 49.6 65
5 25.7 26 58.3 75 25.7 26 58.3 75 34.4 26 49.6 45
6 25.7 26 58.3 60 25.7 26 58.3 60 34.4 26 49.6 35
7 28.1 26 55.9 50 28.1 26 55.9 50 34.4 26 49.6 30.8
8 30.7 26 53.3 41 30.7 26 53.3 41 36.6 26 47.4 29.4
9 30.7 26 53.3 35 30.7 26 53.3 35 38.4 26 45.6 28.3
10 34.4 26 49.6 30.8 34.4 26 49.6 30.8 40.2 26 43.8 27.1
11 36.6 26 47.4 29.4 36.6 26 47.4 29.4 42 26 42 26
12 38.4 26 45.6 28.3 38.4 26 45.6 28.3
13 40.2 26 43.8 27.1 40.2 26 43.8 27.1
14 42 26 42 26 42 26 42 26

Fig. 8  Total longitudinal strain distribution in the band edge—cross 
section in the evaluation area
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breakdown passes as well as the optimized flower pattern 
and the downhill-strategy for forming strategy W2 lead to 
a reduction and homogenization of the longitudinal strain 
peaks in the band edge. The result of forming strategy W2 
is good enough to weld a pipe in the subsequent process.

3.2.1  Buckling limit strain

There is a correlation between the maximum plastic longi-
tudinal strain in the band edge and the appearance of buck-
ling. Longitudinal plastic strain in the band edge during 

Fig. 9  Geometry of the tube with different forming strategies

Fig. 10  Total longitudinal strain in length-direction at a sheet length of 600 mm
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the whole forming process for all forming strategies is 
illustrated in Fig. 11. The BLS is in the range of the maxi-
mum plastic longitudinal strains of the forming strategy 
2R ( � = 0.0128 ) and W1 ( � = 0.0118 ). Maximum longitu-
dinal strain of � = 0,0079 of forming strategy W2 is clearly 
below BLS. Park [14] showed that BLS for roll forming 
an U-channel made of aluminum is 1.25% ( � = 0.0125 ), 
which supports the result in this investigation.

The longitudinal strain distribution in the band edge is 
shown in Fig. 12. The peaks of the longitudinal strain fit to 
the areas of buckling in Fig. 9. All profiles show positive 
remaining longitudinal strain. The strain distribution of the 
W-forming process routes is almost constant, which leads 
to the straight line of the band edge of the tube. With an 
average of � = 0.0017 , the remaining strain for forming 
strategy W2 is the lowest of all forming strategies.

3.2.2  Geometry and bending radius

Apart from the profile quality with regard to buckling, there 
are no major differences in the profile geometry. All profiles 
have a deviation of approximately ydev = 28mm in y-direc-
tion from the target geometry of the tube after springback as 
illustrated in Fig. 13. Another result shown is the radius of 
the profile along the circumference of the profile. The radius 
is determined from three adjacent nodes, what leads to high 
local amplitudes. Forming strategy 2R and W1 mainly differ 
in the edge area of the tube. This indicates that the W-form-
ing does not have a major influence on the final geometry. 
The W2-forming strategy leads to a more uniform distribu-
tion of the bending radius with smaller peaks. Especially 
in the band edge area, the bending radius is smaller for the 
W2 strategy. This results from the smaller bending radius 
of the edge area in the first stages of the process. Although 

Fig. 11  Plastic longitudinal strain in length-direction at a sheet length of 600 mm

Fig. 12  Total longitudinal strain 
distribution in the band edge 
after last pass and springback
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bending radii vary locally, the effect of the forming strat-
egy on the global geometry of the tube is small. A locally 
reduced bending radius leads to an increased bending radius 
in another area in the tube, since the final pass of the form-
ing process is always the same due to the fixed geometry of 
the final passes. With regard to springback, it is irrelevant 
which forming strategy is used to approach the final geom-
etry. However, the forming strategy has a great influence on 
the band edge elongation.

3.2.3  Welding of the tube

The welding process follows the roll forming of the tube. 
Two different welding processes are in focus of the inves-
tigation: Laser beam welding and inductive high-frequency 

(HF)-welding. Figure 14 shows the setup of the simula-
tion for prediction of the welding forces. For the laser 
beam welding, only configurations with a gap on the top 
side are possible (H and A1). The stiffness of the springs is 
k = 75.000

N

mm
 and the force is evaluated from the displace-

ment of the rolls. The distance between the last forming pass 
and the welding pass is ld = 400mm . The thermal impact 
of the welding process is not considered in the simulation.

The different arrangements of the rolls in the welding pass 
suggest that different force levels are required to compress 
the material into a closed tube during welding. Figure 15 
shows, the forces, required in each roll. The total force for 
compressing the tube Ftotal is the lowest for the horizontal 
rolls. For the HF-welding process, another arrangement of 
the rolls can be required since the high radius to thickness 

Fig. 13  Numerical results of the final cross section, compared with target shape and forming strategies

Fig. 14  Setup of the FE-model for prediction of the welding forces
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ratio r/t. According to Wright [30], the three roll arrange-
ment A2 is appropriate for tubes r

t
> 10 , which is in accord-

ance with the results from the simulation. The forces of the 
side and vertical (top and bottom) rolls are more uniform 
for A2 than for A1. The more uniform distribution of force 
ensures a smoother contact pressure. In summary, the best 
result for laser welding could be expected with strategy H 
and for HF welding with strategy A2.

The dependence of the forming strategy is investigated 
for the welding roll arrangement H. For the W2-strategy the 
required force Ftotal is 7% higher than for the 2R and the W1 
strategy. This results from the different distribution of the 
bending radii of the forming strategies. In the transition area 
from a1 to a2 , the springback of strategy W2 is larger than for 
2R and W1, which can create the difference. Nevertheless, 
the difference is too small to consider the force as a decisive 
additional design criterion for the roll forming process.

3.2.4  Recommendations for the choice of the forming 
strategy

– W-forming is recommended. The compression of the 
band edge after pass 1 leads to a lower plastic elongation 
of the band edge and thus to a reduced buckling tendency 
of the band edge.

– The use of a downhill strategy reduces the elongation of 
the band edge, especially in the first passes.

– Appropriate roll design regarding the use of the type of 
rolls. The use of side rolls is not recommended in the first 
passes as they cause a high elongation of the band edge.

– The combination of forming the target radius in the band 
edge area (high elongation of the band edge) in combina-
tion with the downhill strategy (reduced elongation of the 
band edge) leads to high efficiency thanks to the large 
forming operation at the beginning of the process.

– For a high process efficiency, it is recommended to keep 
the maximum longitudinal strain as equal as possible in 
each pass.

4  Experimental results of roll forming 
strategy W2

Roll forming experiments were conducted on a roll form-
ing line type P3.200 by Dreistern, as seen in Fig. 16. For 
the experiments, the tools of roll forming strategy W2 
are installed at the roll forming line. Feeding speed in the 
experiments is v = 1

m

min
 and the lubrication is a medium 

viscous oil directly on the aluminum sheet. The cross sec-
tions of the profiles after pass 1, 2, 3 and 11 were measured 
with the Bytewise 360 laser line measurement system after 
springback.

The measurement of the profiles as well as the simulation 
results are shown after springback in Fig. 17. Due to the poor 
process parameters regarding springback, high springback 
occurs in the process.

As in the numerical simulation buckling does not occur 
in the experiments (Fig. 17—Pass 11), and springback is 
slightly bigger in experiments. Deviations of the band edge 
position from numerical simulation to the experimental 

Fig. 15  Influence of the roll 
configuration on the welding 
force

Fig. 16  Experimental setup for the roll forming experiments—W2
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results are small. According to the described modelling 
strategy in chapter 3.1, the level of detail of the FE-model 
is good enough to meet the requirements for investigating 
the buckling and springback phenomena in the simulation. 
Taking into account the compliant rolls in the simulation 
with a stiffness of k = 75.000

N

mm
 for the upper- and the side 

rolls, the result is improved by Δe = 0.31mm for the final 
geometry in pass 11.

The negative bending in the first pass of the W-forming 
strategies is changed into positive bending in the further 
passes, as illustrated in Fig. 18. Isotropic hardening mecha-
nisms in FE-models are not appropriate for these bending 

changes, if the extent of alternating bending is too high. 
According to [13, 31] 32 combined hardening models, which 
also consider the kinematic hardening part, are more accu-
rate for springback modelling.

Plastic strain distribution on top of the sheet in pass 1 is 
illustrated in Fig. 19. It shows the greatest plastic deforma-
tion due to negative bending in the highlighted area. With 
regard to the von Mises’ Criterion, the yield strength of 
Rp0,2 = 505MPa is exceeded in the passes 1 and 3. Isotropic 
hardening law leads to a uniform increase of the yield sur-
face. In pass 1, there is tensile stress ( σy = 431 MPa ) on the 
upper side of the sheet with the largest plastic deformation 

Fig. 17  Numerical and experimental results of the roll forming process—pass 1, 2, 3 and 11—W2

Fig. 18  Bending stress σy in 
pass 1, 2 and 3—W2
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(Fig. 19), while in pass 3 the tensile stress changes to com-
pressive stress ( σy = −450 MPa ). The change of tensile 
stress to compressive stress is shown in Fig. 20.

Furthermore, there is an effect of plastic strain on Young’s 
modulus. Yamaguchi and Yu showed that Young’s modu-
lus decreases with increasing plastic strain [33, 34]. As the 
Young’s modulus decreases, the springback becomes larger 
in the numerical simulation. Taking the effects of compli-
ant rolls, combined hardening and dependency of Young’s 
modulus from plastic strain into account, a more accurate 
prediction of springback could be expected. Nevertheless, 
referring to the modeling strategy, the simplifications are 
reasonable for the evaluation of buckling and final geometry 
in the design phase.

5  Conclusion and summary

In this paper, roll forming of a high strength aluminum 
tube is investigated. Due to the difficult determination of 
the design parameters, roll forming of high strength alu-
minum is a challenge. Conventional roll forming strate-
gies quickly reach their limits when forming aluminum or 

high strength steels. To form a tube out of high-strength 
aluminum alloys such as AA7075, a W-forming strategy 
is recommended. Another positive influence is the appli-
cation of a down-hill strategy. The investigations have 
shown that an efficient roll forming production line for 
high strength aluminum tubes can be set up even with a 
small number of forming passes. The W-forming strategies 
showed a good behavior with regard to buckling, compared 
to the double radius forming strategy. Forming strategy 
W2 combines the advantages of few passes with a good 
final part geometry thanks to detailed process design. The 
numerical investigation and the following experiments 
demonstrated the feasibility of roll forming a high-strength 
aluminum tube. It is shown that conventional design meth-
ods are also valid for high-strength materials.

A further result of the numerical investigation is that 
the design of the tools should not be based on longitudinal 
strain in the band edge alone. For a first estimation, the 
elongation of the band edge is a valid factor, but for an 
exact process design a numerical simulation should always 
be performed. In addition, BLS is material dependent, 
which makes an analytical calculation even more difficult.

Regarding the springback angle, the experimental 
investigations show little deviations from the FE-model. 
The reasons for this are the simplified material model, 
which does not consider combined hardening effects, the 
influence of the smaller modulus of elasticity after plastic 
deformation and compliance of the forming stand. Nev-
ertheless, the simplified FE-model provides sufficiently 
accurate results regarding buckling and geometry of the 
tube.
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