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Abstract. During the forming process in an electro resistanelding (ERW) forming line, a flat
skelp evolves from a flat surface to a round shapégrced by a series of roll stages. The formed
round shape determines, together with welding peatars, the obtained weld and tube quality. In
order to improve the process and achieve a bettgerstanding of the skelp evolution towards the
welding station, a finite element model has beeareliped. The process has been usually studied with
analytical techniques and “trial and error” plagsting, while the use of finite element in modeling
this type of process is quite recent. Process cexitglimposes great computing efforts and heavy pre
and post processing work.

A finite element model has been proposed to prateskelp behavior along the critical stages ef th
forming line. Large displacement, contact algorishamd J2 material models have been used in the
problem description. Agreement with plant measurgsjeomputational speed and robustness are the
main achieved goals.
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1 INTRODUCTION.

During the forming process in an electro resistanetding (ERW) tube forming line, a
flat skelp evolves from a flat surface to a rouhdpe, enforced by a series of roll stages. In
the first stages (breakdown, edge press and cdige) rioitial rounding and edge forming is
achieved. The next stages are those called finnp#isstands, in which the rounding process
is finished and the skelp edges are forced intdamdtnWhen the edges reach contact, at the
welding station, electric current is induced ina@rdo melt skelp edges, and pressure rolls
squeeze the melted edges together to form a fusdoh (see~igure J).

Edge Press

/ Cage Roller

Fin Passes

Break Down
Welding Station

Figure 1: Schematic diagram of an ERW line.

Weld quality is determined to a great extent byahgles at which skelp edges come into
contact, namely closure and “V” angles ($&gure 23, which in term depend on the forming
process carried out by the fin pass rolls. Thia lghly coupled process, because the contact
geometry imposes boundary conditions to the curilemt, the current flow determines the
thermo-mechanical properties of the melted matemal the boundary of the heated yet un-
melted skelp, and this boundary affects the cor@matlitions.
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Figure 2: Closure and "V" angles.

1.1 Background.

Several authors have dealt with the problem of ipted) the deformed geometry of the
skelp in this tube forming process, using analjtiempirical and numerical method&alker
and Pick (1990-199]1)proposed a geometric model based on mill setanprpeters to assess
the strain state in the deformed skelp, aiming atleh buckling of thin walled tubes. It was
shown that skelp geometry can be predicted consgl@mly the roll-stand geometries, but
this is not sufficient to capture the strain staad experimentally based corrections are
neededWen and Pick (1994developed a finite element model to study buckiimggabilities
caused by bending in breakdown and subsequenfamiiing stages, for roll stands were
skelp is confined between two opposing rolls to asg geometryBrunet et al. (1998)
proposed an elastic-plastic finite element basedahéor strain analysis and roll design
optimization, based on a 2D cross section FEA caostbivith a 3D analysis between rolls for
open sectiondNefussi et al (1993, 1998, 199M successive works, developed an analytical
method based on the use of Coons patch as geodesicyiptor, enhanced to attain isotropic
plasticity and spring back effects on skelp formikgn et al. (2003) presented the modeling
of the tube forming process via a rigid-plastic FEMiented to edge shape prediction and
optimization.

1.2 Objectives.

Plant main objective is to increase process repéifiyaand develop technically oriented
decision criteria for the welding process paransetéirough an agile and robust calculation
tool. For this purpose an elastic-plastic finiteneént model to predict the skelp behavior
reaching the welding station is developed. The tifiputhe proposed finite element model is
taken from production line set up and allows a wi@eiety of roll stand adjustments to
completely emulate it. For line and roll design pmses, the inclusion of new tooling is
available along with the output of product trenals$sess configuration effectiveness.

The model is focused on the fin pass stands andingettation, and pursues to model the
geometry close to the welding point. Several resoitpractical interest are obtained from the
model, such as the developments at critical sextibarder angles, distribution of equivalent
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strain and stress and the evolution of the skejje gasition.
The paper is ordered as follows: model is describesection 2, study cases and plant
validation are shown in section 3 and conclusiorsfature work are presented in section 4.

2 MODEL DESCRIPTION.

2.1 Initial geometry.

The press section to be modeled is taken betwega Raller exit and the welding station.
Tools included in the analysis are the three fissp@ll stands (fin pass 1, fin pass 2 and fin
pass 3) and the squeeze roll stand at the weldatigrs. The input skelp geometry is adopted
as the one resulting from the Break Down and thgeHtbrming press processes, immediately
after Cage Roller exit, determined using analyticalculations. This initial geometry is
generated by the imposition of two mayor radiilte skelp previous to any tooling acti@ee
Figure 3) This initial geometry is loaded with the plastiistory corresponding to a
cylindrical bending process.

Development

Figure 3: Initial skelp geometry.

2.2 Tooling action.

In a Lagrangian geometrical description, the obsimodel is to move the skelp along the
roll stands from an input section to the exit, daling the plastic and deformation history.
This would imply dealing with sliding contact cotidns between the skelp surface and the
forming rolls through out the forming process. Tapproach would also imply having to deal
with initial conditions and passing enough skelpgkl so as to reach a constant deformation
response. The extremely high computational costlaridof robustness are major drawbacks
for this approach.
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To avoid these drawbacks, successive applicatioto@t reproducing the deformation
history and preserving plasticity is devised. Tioglaction is simulated through a series of
radial closures and openings seeking to presemstoglastic history. Though radial tool
approach is not the physical one, it is preferredalse it increases numerical scheme
robustness and computing speed. With this hypahaisihand, contact conditions can be
enforced only beneath the tools thus allowing the af a coarse mesh elsewhere.

The boundary conditions include longitudinal symmpeissumed along the model, and the
imposition to input and output sections to remaim iplane normal to the longitudinal axis in
order to model skelp continuity.

2.3 Welding process.

Welding is modeled by enforcing the skelp to remaosed after squeeze. The material
loss by melting is attained introducing a volumslalp edge of a constant width that behaves
elastoplastically during tool actions from fin pakdo fin pass 3 but does not participate
during squeeze, allowing the not melted materiduibd up stresses induced by compression.
SeeFigure 4

Figure 4: Forming and welding contact surfaces.

2.4 Finite element model.

The model is developed using finite elements in MBIsoftware (vww.adina.com The
skelp is modeled via 3D 27 node mixed elemeBtl{e, 199p and the tooling is modeled
with rigid parabolic frictionless contact elemensgeBathe and Chaudhary (1999)arge
displacements and small deformations are adoptdulifear elastoplastic model is adopted
for the skelp material.

3 STUDY CASES.
Several configurations were studied to assess nuagalbilities:

» Validation Configuration.

e Fin pass 3 vertical displacement.
» Sensibility to material strain hardening.
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3.1 Validation Configuration.

To validate model results, measurements were daoué over a 16” diameter and 8.7mm
thickness tube. Simulation results on skelp devalmt between tools compared to plant
measurements are presented’able 1 Simulation results show good agreement with plant
measurements.

Parameter Discrepancy
2 Between cage roller and FP1  0.14%
é Between FP1 and FP2 0.05%
& Between FP2 and FP3 0.07%
% Between FP3 and SQZ -0.11%
° After welding 0.15%

Table 1: Model validation.

The longitudinal stresses are showrigure 5andFigure § and equivalent plastic strains
are shown irFigure 7andFigure 8
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Figure 5: Axial stress, external view.
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Figure 6: Axial stress, internal view.
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Figure 7: Accumulated effective plastic strain,ezral view.
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Figure 8: Accumulated effective plastic strainemial view.

3.2 Fin pass 3 vertical displacement.

Using the same geometry as in the previous cas@afis 3 stand rolls were moved rigidly
3 mm vertically upwards to verify model behavioedRlIts are compared to the previous case,
named “reference”. Comparative lateral and top siewe shown ifrigure 9 closure and "V"
angles are shown ifigure 10 No significant difference is observed due to ttosling
change, though the model response is physicallgcor
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Figure 9: Skelp edge position. Lateral and top giew
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Figure 10: Closure and "V" angles.
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3.3 Sensibility to material strain hardening.

To analyze model dependency on material strainemimg two reference cases were
simulated: no hardening and hardening ratio equdl% of elastic modulus. Comparative
lateral and top views are shownFkigure 11 closure and "V" angles are shownFigure 12
It can be seen that hardening has no effect onimgelthgles but does modify the spring back
geometry, as expected.
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Figure 11: Skelp edge position. Lateral and topvvie
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Figure 12: Closure and "V" angles.

4 COMPUTATIONAL ASPECTS

To facilitate interaction between the numerical eloghd process engineers, a graphical
user interface has been implemented where sensraviables are made accessible for
numerical testing. The preprocess task involvesdiition of roll stands geometry and
setup of the initial geometry. All mesh parametarsl tooling displacements are fully
automated. The post processing main task is tagirdee skelp approaching angles near the
welding stand. In addition the contact stress ithigtion and resulting roll loads are made
available, to be used as guiding variables for ggecsetup and rolls design. Results from
different forming line setups can be compared oreoprovide more accurate decision criteria
and benchmarking trends.

The computational effort required to run the pragsbmodel is estimated to be around 90
times faster in CPU time than a full sliding contawodel, while it preserves satisfactory
results.

5 CONCLUSIONS.

A robust finite element model capable of predictinge geometry, strains and stresses at
an acceptable computational cost for steady statditons has been developed. Pre and post
processing automated tasks have been developddwopdant users without training in finite
elements to interact with the model.

The modeling strategy adopted, even though stroggothesis were chosen, is
satisfactorily validated against plant results #maresponse to line setup changes agrees with
plant experience. The model allows to evaluatdartfieence of plant set up parameters on the
forming process.
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The future work is to include more tube dimensians line set up configurations in the
testing and to enhance the model to take into axtdbe previous forming stages.
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