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PROCEDURE TO IMPROVE THE UNDERSTANDING OF THE ROTATING
STRAIGHTENING PROCESS

In industry wire is used for great variety of apptions, such as cables, springs or nails. For ragplications
straight wires are necessary, e.g. shopping tmlléishwasher baskets or construction steel. Besilaightness
these products demand specific characteristicd) agcthe structure of the metal or the residuasstAfter
being produced, wire is normally coiled up for betiandling. For the following production process wire has
to be straightened and cut into pieces. Therefdierent technical processes such as roll straighy,
straightening by stretching or rotating straightgniare possible.Rotating straightening with its cide
characteristics is one of the least known straightg processes in science. At the time being, exkill
experienced workers are necessary to adjust antlotdhe process. For a scientific description ofating
straightening, parameters have to be identifie@rAftefining such parameters, they are then useddess the
different settings of a rotating straightening miaehin order to explain the physics of the procéssther
possibility to describe the physics of the procgsald be through a model. All of this should makpassible to
predict the quality of wire after straighteningduee waste wire and accelerate the ramp up.

1. INTRODUCTION

Steel is an important material for industry anddoution and it is important in our
everyday life. In the year 2009 32.7 million torfssteel where produced in Germany and
1.33 billion tons worldwide [1]. Wanzl, the worlédder in producing shopping carts, has
produced 2 million carts a year [2]. For those igtreened wire is used. Also for the
production of cable wire is needed. Modern architex using construction steel and
concrete needs straightened steel to get its aesist

One possibility to straighten wire for these apgiiens is “rotating straightening”.
Today, skilled experienced workers are needed deroto adjust the rotating straightening
process and to evaluate the quality of the prodbesans. In order to improve this process,
an FEM model of the process is being built. In fhaper the straightening is described and
the special characteristics of rotating straightgnfollowed by a short introduction of how
straightness can be described and how it is medstlire paper focuses especially on the
difference in the rotating straightening processgared to other straightening processes.
Finally the model and the evaluation of the modellzeing described.
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2. DIFFERENT STRAIGHTENING PROCESSES IN PRODUCTION

In literature straightening is seldom described. sM@ublications describe roll
straightening [3],[4]. For roll straightening /c®iith different displacements zz, are
arranged after one another (Fig. 1). The displacémseaeduced in the direction of the wire
(z.<z; )andthus the residual stress is minimized. Normdflg rolls are arranged in one or
two directions (z,y-plane) and only rarely in mémnan two directions.

Displacement z, Zy
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Z

Fig. 1. Model process of straightening

This limitation of directions makes it harder tomdnish the 3D residual stress
condition. On possibility to reduce the 3D stresda use rotating straightening. In this
process the straightening tool rotates witaround the wire, which has a speed in the axis
of rotation of the tool. This makes it possiblediminish the 3D residual stress in the wire.
It also causes a periodic geometry of the wire,ciiias to be taken into account, when
deciding upon the measuring strategy for the wire.

3. METHODS TO MEASURE STRAIGHTNESS

In order to be able to define the wire and the iualf wire, straightness is the key
characteristic. The current method is to rotatewire with a one bearing and the hand on
the other side and inspect the wire visually. Thigsed in order to inspect the large ripples.
Another test is to touch the wire along its lengiid feel the short ripples. The third
commonly used test is to roll the wire on a flatface and inspect the smoothness of the
motion.

In the GPS Standards there are different typeseaimgtry definitions. The GPS
Standards contain several standards on differeoingt&ies and how those are defined.
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There is the raw and the fine geometry and undsrttiere is gauge, shape, position, ripple
and roughness (refer to Fig. 2). For straightnésgre, all the characteristics can be used.

Another possibility to characterize wire is giveg [b].The standarddescribes the
shape and position tolerances that can be speaifisthnical drawings. Some of these are
straightness, circularity, cylindricity, profile @f line and concentricity. Some researchers in
the area of straightening have also defined straggs. Behrens defined straightness in [3]
as run-out in the boundary and middle of the shesthl. Renz measured straightness in [4]
by positioning the wire on two bearings and therasueing the maximum deviation from
the ideal run-out by rotating the wire and meaguimthe middle position of the wire with
a dial gauge. He measured with different distamé¢le bearings. A similar method is used
by Fangmeier [6].Menz [7] puts parts of sheet metala measurement table with a flat
surface and measures the maximum height.

Geometry of the part
I I
Raw geometry Fine geometry

I I I I I
gauge shape position ripple roughness

4 I |

T ik
Coordinate | | Shapeand position | | Surface measuring I
measuring measuring technigques technique and optical
technique inspection

Fig. 2. GPS types of geometrydefinition

All these techniques only measure the maximum dewvigrom the ideal geometry
of the wire or sheet metal. In order to be ablengasure also the short ripples, a different
approach will be used. There will be a characierisimber similar to the arithmetic
average roughness Ra. Ra is defined as:

Ir
1
Ra = :I 12 ()l )
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Ir is the length of the measured surface and Zhe height of the surface features.
For defining the wire, several measurement poitltegathe length of the wire are set and
the position difference to the ideal wire is measuThese measurement points are 1, 2, 3
...10, 20, 30...100,150,200,250, 300, 350. By the sgadf the measurement points and the
increasing distance between points it is possiblddtectperiodic events along the beam.
With this characteristic number the wires will becacterized in short range ripple and long
range ripple.

Fig. 3. Measurement device

This will be measured in a first step with a conede measuring machine and the
device shown in Fig. 3. On the left hand side a& ttevice the beams start in a given
position and on the right hand side they end lgosehe coordinate measuring machine
then starts with the first beam on the left sidd amrks its way along the beam and then
starts with the next one. The usage of an optiedsuring technique makes it possible to
measure the z, and y coordinate at the same tirfter Ahe measurements with the
coordinate measuring machine, the possibilitiea &dster measuring with optical methods
and induction will be evaluated.

4. PROCESS DATA OF THE STRAIGHTENING PROCESS

In order to be able to predict the process thesatdide an accurate model of the rotat-
ing straightening process. To describe a processnut parameters of the material going
into the process and the parameters defining theegshave to be known.The results of the
process are also given by various parameters; sfrtteese concerning straightness have
been mentioned previously.

The parameters on the input side of the rotatirgggttening process are the condition
of the wire before straightening. The parametessueing the process could be the velocity
of the wire or the rotational speedof the tool. And after the straightening, there tire
output parameters e.g. straightness, stress autii@ce of the wire.

In order to model the process correctly, it is ¥seey to validate the results from the
following simulation with the results of experimenfor that reason, there are experiments



Procedure to Improve the Understanding of the Raadtraightening Process 9

taken out with a R23 rotating straightening mactimen WAFIOS AG in Reutlingen. In a
first step, there is a very rough experimental glgsivhich will then be refined in the areas
needed. For the rough experiments, many paramaiacerning the settings of the machine
will be used, with only a few settings. In ordernunimize the experimental cost, design
of experiments (DoE) is being used [8].

After the evaluation of these experiments it shdaddoossible to decide upon the im-
portant parameters concerning the settings of 2@ &hd discard others. Also the rough
experiments are carried out with a large sample sizorder to be able to decide upon the
needed sample size. For that the standard deviatc@n be calculated from the first tests.
There after the confidence interval can be decigaeh [9],[8]. Once these characteristics
of the process are known, the needed sample sizedwen confidence can be calculated.

After the parameters concerning the settings ofntlaehine are defined, therelevant
parameters defining the input and output of thec@ss have to be identified. The input
parameters cannot be taken into account. In dadkyaf the machines, it is not possible to
monitor those parameters. The residual stresseirwire will change within a decoiler, as
well as the ripple of the wire. The only parametdrich can be taken into account for the
input is the stress-strain curve, because it vatlahange with the decoiling of the wire. For
the output the straightness and the changes istthss-strain curve will be considered in
a first step. The surface of the wire and the resdidtress will not be monitored. The micro-
structure of the wire will be monitored for sigeiint parameters, which lead to good
straightening results.

5. RESULTS

The geometric model for the FEM modelling and sieioh was built (Fig. 4). The
tools have been implemented as rigid bodies andaviteewith 3D continuum elements and
reduced integration. The mesh was coarse compardtet measurement points of the
coordinate measuring machine. A mesh evaluatiobeitaken out after more experimental
results are available for comparison.

Fig. 4. First results from modelling



10 Graziella KREISELER, Jorg SIEGERT, Engelbert WESTHRER

6. CONCLUSION

After the evaluation of the experiments, the mafehe rotating straightening process
can be compared to those results and adjustedmBtas which will need adjustment are
the stress-strain-curve and its change becauseolof work hardening, the contact
definitions and the mesh. For the mesh a mesh awaituwill take place in order to decide
on the needed size of elements. An accurate mbdal makes it possible to simulate the
different settings of the machine and predict thguot parameters of the wire. In further
developments this can be used to improve the ad@rgs in the rotating straightening
machines and enable automation.

Also the data from simulation can be used for trec@sses adjacent to the rotating
straightening.
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