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Abstract

Abstract

High- and ultra high- strength steels offer special material properties, in particular a poor
formability and the large spring back. Present forming technologies need to be adapted to
meet those challenges. With the knowledge of the process limits of state of the art forming
technologies, the basis for producing profiles with roll forming technology is created.

This thesis includes a section covering the purchase of a roll forming line for the Institute for
Tools & Forming. The main scope of the line is research and development in the field of high-
and ultra high strength steels. In the course of developing know-how for the project partner it
is the goal to gather information about process limits of roll forming these materials. The first
step is to produce and analyze simple, open profile geometries such as V- C- L- and O-
profiles to gather first impressions and experiences of the material behavior. With this
information it is possible to give an outlook on necessary process improvements and the
expansion of the profile spectrum.

A further objective is to gather information about the roll forming industry within Europe. The
goal is to identify the future market potential and the entry opportunities in the roll forming
market with high- and ultra high strength steels. The particular focus of the market survey lies
on the automobile industry.




Kurzfassung

Kurzfassung

Durch die speziellen Materialeigenschaften von hoch- und hdchstfesten Stahlen, im
Besonderen die schlechte Umformbarkeit und die grof3e Ruckfederungsneigung, ergeben
sich bei der Verarbeitung dieser Materialien neue Herausforderungen. Mit dem Wissen Uber
die Verfahrensgrenzen vorherrschender Umformtechniken ist die Basis fur die
Profilherstellung durch das Verfahren des Walzprofilierens geschaffen.

Im Rahmen dieser Arbeit soll am Institut fir Werkzeugtechnik & Spanlose Produktion eine
Versuchsanlage zum Walzprofilieren angeschafft und in Betrieb genommen werden. Im Zuge
des Kompetenzaufbaus fir den Projektpartner auf dem Gebiet des Walzprofilierens geht es
um die Festlegung von Verfahrensgrenzen und den Erfahrungsgewinn bei der Verarbeitung
hochstfester Stahle zu einfachen offenen Profilquerschnitten durch Walzprofilieren. Dazu
sollen V-, C- L- und O-Profile untersucht werden.

Aus der Bestimmung des Einflusses unterschiedlicher technologischer Parameter, wie z.B.
Profilblume, Rollendurchmesser, Gerlstabstand oder Umformgeschwindigkeit, soll deren
Sensitivitat auf den Prozess ermittelt werden.

Weiteres Ziel dieser Arbeit ist es mittels einer europaweiten Branchenanalyse
herauszufinden, welche zukinftigen Marktpotentiale das Walzprofilieren von hoch- und
hochstfesten Stahlen mit sich bringt. Der besondere Fokus liegt hierbei auf der
Automobilindustrie.

Mit Hilfe der Erkenntnisse aus dieser Arbeit soll es mdglich sein, einfache Profile aus hoch-
und hdchstfesten Stahlen durch das Walzprofilieren auf einer eigenen Anlage herstellen zu
kénnen. Des Weiteren soll ein Ausblick auf notwendige Prozessoptimierungen und auf die
Erweiterung des Bauteilspektrums gegeben werden.
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Symbols and Abbreviations

Symbols and Abbreviations

Rp0,2

[N/mm?]

[mm]

Needed forming steps for profile

Flange height

Distance between two forming stages

Final forming angle

Material thickness

Forming angle between two forming stages
0.2% material yield strength

Forming length




Introduction

1 Introduction

The automobile industry is setting a clear trend towards lightweight design. The origin of this
trend is coming from regulations like CO, emissions standards, the worldwide need of fuel
consumption decrease and the increasing requirements in the field of passenger safety. With
the use of high- and ultra high- strength materials, an increase in passenger safety is given.
Moreover its reduced weight also decreases the CO, emissions and the fuel consumption.
One of the main challenges of forming high- and ultra high- strength steels is their moderate
formability and their large springback effect. Press hardening is the predominant forming
technology for manufacturing products up to strengths of 1800 MPa. The unwished material
properties are partly negated with this technology. However, industrial press hardening need
large process lines and it is a time consuming process. Due to this reasons, the main focus
of the research is to come up with innovative ideas in order to overcome or compensate
these unfavorable material properties or process parameters.

Roll forming technology effortlessly negates a large number of manufacturing issues
compared to conventional forming processes. This leads to a cheaper manufacturing
process and thereby to cheaper products for the industry while maintaining the same
material properties. In order to get knowledge about roll forming, the Institute for Tools &
Forming will purchase a roll forming line for research and development purposes. The main
focus lies in the experimental testing of the forming technology and the used materials. As a
result, synergies should be identified in order to be able to optimize the forming process and
the material used. However, it remains to be seen whether this technology in combination
with forming high-strength materials is capable of establishing itself in the automotive
industry.

Therefore the overall market potential of high- and ultra high strength steel materials in this
industry needs to be evaluated in order to estimate a base potential of the material demand.
Roll forming has both, advantages, as mentioned above, and disadvantages, such as the
number of possible profile geometries. It is generally only possible to form profiles with a
constant cross-section over the length. Still it remains possible that current innovations in this
field may lead to the possibility to even be able to form profiles with non constant cross-
sections that pay of their additional production costs. It has to be shown if the combination of
the base potential of this technology and the variety of possible profiles it can produce,
results in high sales potentials for high-strength materials manufactured with roll forming
technology.

Furthermore, also market entry opportunities need to be estimated. It is crucial to have
knowledge about the forces and barriers within a market in order to be competitive. The
objectives of this thesis are to estimate the chances to enter the market and sustain within it
and to identify the products needed to do so.
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2 State of the Art

This chapter is divided into two separate parts. First, the roll forming technology is discussed
in terms of technical understanding, different facility possibilities, profile constructions,
economical aspects of this young technology as well as innovative and future possibilities of
roll forming. The second part includes the economical aspects of how to enter the roll forming
market, what has to be considered to successfully launch a business and how to keep up
with existing competitors.

2.1 Roll Forming Technique

This chapter gives a general overview of roll forming itself. After a brief introduction into the
topic, the different facility types and the possibilities of further integration of processing
stations will be explained. A short overview of possible materials and hence producible
profiles is given as well. Furthermore, a discussion of possible production failures leads to
the introduction of important construction rules and principles. Moreover, the economical
aspects of the technology are discussed. Finally, actual developments and innovations in the
field of roll forming are explained.

2.1.1 Introduction

Roll forming is a cold forming process for manufacturing profiles out sheet metal blanks or
from sheet metal coil. The sheet metal or coil is passed through an incremental set of
forming rolls mounted on consecutive stands. Each set of rolls is performing only a part of
the final bend until the desired cross-section profile is obtained. Hence it represents a
competitive method to conventional forming techniques like bending or deep drawing. The
roll forming technique is primarily used for manufacturing thin-walled profiles made of steel.
The first use of this method dates back to the 19" century and is nowadays broadly used in
mass production. Many industries, in which lightweight construction and design are playing
an important role, are using this relatively new technology of forming. These are for example
automotive-, transport-, or building- industries. [Ist02]

Roll forming facilities can produce open or closed profiles. For closed profiles an additional
joining process is necessary which can be integrated into the roll forming plant. Figure 1 is
giving an overview of products manufactured by roll forming.

According to Dr. Peter Groche: [Ble07]
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ARol | Forming i s a teehnotogymgivireg khe riglat angwers to tuttingi n g
edge questionso

Figure 1: Roll formed profiles for different industries [Wag11]

The most important advantages of the roll forming technology compared to conventional
forming technologies are listed below:

High volume production
Consistent product quality
Minimum material handling
Reduced number of labor
High tensile material forming

=A =4 =4 =4 -4

Low cost tooling with high tool life

2.1.2 Classification and Process Description

Classification

Roll forming is a continual bend forming process. The classical profile geometry comes with
a constant profile cross-section over the length. (Researches in the field of 3D roll forming
are going on and are explained in more detail in Chapter 2.2.5.)

The needed energy for handling and forming of the sheet/coil is generated from a frictional
connection between the material and the rolls. The needed plastic deformation occurs mainly

10
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in the bending edge. With roll forming the material thickness stays almost the same over the
whole cross section. Hence, the roll forming technique is not a rolling technique -despite of
the similarity of names i because here it results in a change of material thickness. However,
the position and form of the tools is the same. The forming process evoke from rotating rolls.
The classification according DIN 8586 is shown in Figure 2. It is possible to heat the work
piece before forming, but usually the process is done without a heat treatment. That is why
roll forming is classified as a cold forming process. [Sch98] , [Bro93]

Bend Forming

Bending with rotary tool

motion
Roll
bending
(o]
£
£
o
5
14

Figure 2: Classifications of bend forming techniques according to DIN 8586 [DINO3]

Roll forming process

During the roll forming process, the blanket is shoved (caused by friction) through the gap in
between the upper and lower rolls and is formed thereby. The forming process is stepwise
until the final geometry is reached. The geometry for each step is given by the geometry of
the respective gap. Figure 3 shows a roll forming model consisting of five steps with a
change of profile geometry in each roller set. Additional side rolls can also be seen in roller
set three and four. The lower part of Figure 3 shows the different cross-sections of each
roller step. Laying the single geometries on top of each other results in the so called flower
pattern. An example for such a flower pattern is shown in Figure 30. The segmentation of the
forming process is necessary due to the tensions and change of shape in the profile. The
forming process causes two different kinds of strains seen in Figure 4. The first is directly in

11
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the bending edge. Compressive stresses are occurring on the inner side as on the outer side
tensions are introduced. The second state of stress is located in the band edge. Here it is
divided into a zone with spherical 7 and one with saddle natured strains. Hence, in the
forming area, band edge and bending edge take different lengths during the forming process.
The bigger the bending angle of a roller set is, the higher the possibility that unwanted plastic
deformations occur. Such plastic deformations are the reason for many possible failures in
the roll forming process and therefore have to be kept as small as possible.[Bog79]

'

Sheet metal

. 4 Roll station #1

Roll station #2 =
Roll station #3 -
Roll station #4

Roll station #5 i i i

Roller die

Copyright @ 2009 CustomPartMet

Figure 3: Roll forming principle [Cus13]

Bending edge

Roller axis plane

Band edge

Forming zone with
saddle nature

Forming zone with
sphere nature

Figure 4: Three dimensional forming process between two forming stages [Wirl3]
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2.1.3 Classical Roll Forming Line Structures

The setup of a conventional roll forming production line always depends on the purpose and
the wanted outcome and is mostly individually formed. Nevertheless a typical roll forming
plant is shown in Figure 5. It consists of material preparation (1-3), a blanking unit (4), the roll
forming unit itself (5), a welding station (6), a geometry detection unit (7), the profile
straightening unit (8), and a disconnecting station (9). Often an additional packaging unit is
installed at the end of the production line (Figure 7 left).

Stock reel Strip Straight- Blanking Roll forming Welding Geometry Profile Flying

with Cail storage  ening (4) unit (6) detection  straight- disconnect
(1) (2) station (5) (7) ening station
(3) (8) 9)

Figure 5: Model of a typical roll forming plant [Wirl3]

The material preparation (Figure 6) can consist of a stock reel (1), a material storage (2),
which often comes with an included welding unit to connect a new coil with the previous caoill,
without the need to stop the whole process and a straightening station (3), which is needed
to reduce residual stresses and waviness of the basic material. This happens through
multiple bending of the material in opposed directions.

Coil Stock reel Coil straigthener

Figure 6: Stock reel followed by a coil straightening unit [Bral3]

13
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A flying disconnect station (9) (Figure 7) is normally located at the end of a roll forming line. It
is to compensate the forward speed of the plant. At a continual operating mode the
disconnect station has the same speed as the material itself. Hence, the profile is cut into the
right size without the need to stop the production line for the cutting process.

At the end of the line either a transport unit (Figure 7 right) can be located to carry the
material over to further processing units, or a final packaging unit is installed if the product is
already finished.

Flying disconnect
station

Control panel Saw Carriage Guide rail Transport unit

Figure 7: Typical flying disconnect station and transport unit [Wirl3]

Due to a good accessibility to the line there is also the possibility to integrate additional
processing steps. Blanking or joining are typical processes that can be included into the roll
forming section. A good example is also welding. It is often used in combination with roll
forming as for instance longitudinal welding of roll formed pipes. Figure 8 (left) shows a
welding process where two different parts are welded together and Figure 8 (right) shows a
profile which is welded into a closed rectangular profile, i.e. for increased stability or sealing
(tightness).

Profile| Profile I Welding station Profile Welding station

Figure 8: Welding stations integrated into the roll forming process [Drel3]

Blanking units are usually placed before (Figure 9 left) or after the roll forming process, but
can as well be positioned in-between the roll forming line. Holes and notches are often used

14
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for mounting (Figure 9 right), locking or storing functions as well as for linking parts together
or close a profile with itself. The most appropriate place of a press unit within a roll forming
line depends on different criteria like line accessibility and needed tolerances. The
deformation induced by the blanking process can lead to a deviation in form- and position
tolerances because axial and transversal stresses can evoke changes of the geometry.

Figure 9: Left: Semi-finished part with blanked areas [Ebel1] ; right: Load securing rail
[Had13]

Figure 10 shows roll formed profiles combined with welding and blanking processes for
different fields of application.

Figure 10: Roll formed profiles with additional blanking and welding processes
[Joh12]

Roll forming lines can either be built continuously or discontinuously. Cutting or blanking
units for example can be decoupled from the continuous process with the use of an upstream
material storage or they can be built in line.

Discontinuous roll forming lines do not need moveable processing stations, which normally
makes the acquisition cheaper. Nevertheless plenty accelerate and decelerate processes are

15
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needed which results in higher strain and stresses for the whole roll forming line as well as a
smaller production output. [Sch98]

2.1.4 Roll Forming Unit Types

The heart of the roll forming unit is the mill. It provides the needed power to form the
material. There are unlimited possible variations of mill design but in general it can be divided
into:

a) Cantilevered mills

b) Bilaterally mounted mills

¢) Standard (conventional) mills
d) Duplex mills

Roll forming mills that cannot be categorized in one of those four variations are normally
consi der ed as.The$oprerndipies arershoilvi irs Figure 11 and are explained in
more detail below. [Geo06]

Figure 11: Roll forming mill construction types [Wirl3]

Cantilevered mills

The shaft in the first mill type is built with a unilateral shaft bearing shown in Figure 12.
Sometimes they are also cal | ed i o v er h aypegmills.gThis \anant has utd
advantages in building light profiles or profiles with small cross sections. Through the easy
accessibility from one side of the line, the rolls can be changed easily and fast. Thus, set-up

16
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times can be kept small. Furthermore, the frame is relatively low-cost compared to other mill
variants. [Geo06]

It is also possible to utilize the mill for a second section to be able to form two different
profiles. The dead end of the cantilevered shaft can be tooled in a way to create another
section. Figure 13 shows a principle drawing of a two section cantilevered mill. [Geo06]

Figure 12: Cantilevered mill type [Sch13]

Figure 13: Cantilevered mill with two sections [Geo06]

However there are several disadvantages for this mill type:

1 Only one-sided adjusting abilities make it difficult to set the required roll gap between
upper- and lower roll by maintaining the parallelism between both roller shafts
(depends on the number of adjusting screws used).

1 Figure 14 shows the deflection of a cantilevered shaft compared to a bilaterally
supported shaft. The deflection at same load is approximately four times higher. This

17








































































































































































































































































































































































