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INTEGRATION OF DISCONTINUOUSMILLING OPERATIONS
INTO THE FLOW PRODUCTION OF SHEET METAL PROFILES

This paper is about the integration of discontirsimilling operations into the continuous flow pretian line
of branched sheet metal profiles in an integraligtesA major challenge is the non-existing posgipito
clamp the work piece due to its constant feed. maehining “on the fly” itself is only possible thrgh
synchronizing the movement of the machine tools aviéh the continuous feed of the sheet metal laofi

1. INTRODUCTION

Bifurcated structures such as plants or boneseameeassential for a lot of applications
in design of automobiles, machines, buildings €lgpical examples for bifurcated
structures are multi-chambered profiles, which ased as elements of lightweight
construction in various fields of engineering. Tdemand for increase in productivity and
the use of potential lightweight construction i tmotivation for the research of the
Collaborative Research Center (CRC) 666 at the dische Universitat Darmstadt (TUD).
The superior goal of the CRC 666 is to generatertdfted structures in integral design from
steel sheet bands by means of novel productionadstand techniques. Amongst others
the novel manufacturing process linear flow spigtis used [1]. The research work covers
the complete product development process, stawtitigthe definition of the requirements,
over product design and manufacturing to produstirtg.

The manufacturing process consists of forming, nmaat), joining and cutting
processes. The production line is based on a modystem to arrange the machine
modules in different sequences. By the means ofClRE 666 production line sheet metal
constructions in the usual differential, multiplengponent design can be replaced by an
integral, consisting of a single piece design. Foncand stress-optimized geometries can
be manufactured specifically. Figure 1 shows twanegles of components produced by the
CRC 666 production line.
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Fig. 1. Multifunctional sheet metal profiles pragd by the CRC 666 production line

The High Speed Cutting (HSC) sheet milling processan essential part of the
production line. Compared with other productiongasses like stamping the HSC milling
has the advantage to manufacture various continaodsdiscontinuous form elements.
Furthermore the machined milling features can bangkd quickly and cost effective
without additional material requirements.

Discontinuous in-line milling operations in contous flow production of metal
profiles are not state of the art. In case of agiksed milling operation, it is done after the
cutting process by separate machine tools. Thegratien of discontinuous milling
operations into the continuous flow production deabthe retrenchment of those
downstream operations to save the necessary nidtardling, production time and costs.
As a consequence the costs of the metal profiledeaeduced.

2. SYNCHRONIZATION OF THE MACHINING PROCESS WITH THCONTINUOUS
WORK PIECE FEED

The milling process is performed by a speciallyitbgantry milling machine tool (see
Fig. 2). This machine tool offers a traversing marmmj 7 m in directory of the work piece
feed which is up to 50 m/min. To perform millingesptions on a moved work piece, the
machine tool needs to provide high dynamic machaxes. The gantry reaches an
acceleration of 17 m/s2 and a velocity of 120 m/mmirwork piece feed directory, which
enables the gantry to run ahead the work piece [2].

Fig. 2. Wissner WIiTEC 7013 SFB gantry milling mawhtool
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During stationary milling operations the work pieaselamped. This ensures its proper
fixation under the influence of machining processcés. In contrary to stationary milling
operations the continuous work piece feed muste't stopped during the machining
operation, which would cause an interruption of tomtinuous flow production. So the
possibility of a conventionally work piece clampidgring the milling operations is not

given. For this reason a specially built materiaidghg system was developed [3]. It guides
the work piece in the machining area (see Fig. 3).
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Fig. 3. Work piece guiding system

The guiding system is connected to the machines tpahtry and blocks all degrees-of-
freedom of the work piece except the one in itsl fdieectory. As a result an own feed drive
iIs not needed. To avoid the gravity caused deflacbf the profile in the area of the
machine base various additional work piece reste wdeveloped (see Fig. 4). They are
mounted on the machine bed located below the mowogk piece. Because of the
restricted amount of space on the machine bedytiik piece rests have to turn down and
up again every time they are ran over by the gueaystem.

Fig. 4. Work piece rest

The machining of a continuously moving work piece anly possible by the
synchronization of the machine tools movements wite work piece feed. The NC
program operations have to be superposed by thie piece feed.
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The machine tool runs on 80sch Rexroth IndraMotion MTXCNC control unit,
which provides the special featusystem axes couplingThis function uses a master-slave
concept to synchronize the movement of two indepenhdnachine tool axes. The work
piece motion is captured by a rotary encoder tyg®D 480’ supplied by the DR.
JOHANNES HEIDENHAIN GmbHand processed as the actual position of an additio
axis in the CNC control unit. The generated womrkcpi axis is selected as the master axis,
the machine tools x-axis as the slave axis. Théesysaxis coupling can be executed in
velocity compensation coupling mode or positionrection coupling mode. The machine
tool/work piece coupling in velocity compensationode has been successfully
implemented in earlier research work [4]. Betwdea individual machining operations the
coupling has to be deactivated in order to not eddbe machine tools axes ranges. Hence
it is not possible to ensure the exact positiomhthe milling features by using the velocity
compensation coupling mode. For this reason theé step was the implementation of the
position correction coupling mode. Because of tigital data storage, the actual position
value of the work piece axis is restricted. Herimedxis is selected as a “modulo axis”. The
modulo value represents the maximum positioninga aoé this axis. Exceeding that
maximum axis position causes an automatically ngrof the axis actual position.

Figure 5 shows the side-view of the gantry machow and the metal profile work
piece on it. The work piece feed direction is eglent to the machine tools x-axis. The
rotary encoder is located on the left. Due to thlection as a modulo axis the work piece
axis is divided into equidistant segments. The nmeclgantry (slave) and the work piece
axis (master) are coupled in position correctionptimg mode. Therefore the command
value of the machine tools x-axis is superposedhieyactual position of the work piece
axis. The system axis coupling feature owns arrpotator, which increases the slave axis
velocity till reaching position synchronicity.

gantry machine tool
rotary [ reference point

encoder

moving work piece

Fig. 5. Side of the machine tool

The activation of the system axis coupling replatesNC program reference point
Pabs Which is equal to machine tools reference pdigitthe synchronization reference point
Prel, Which is located on the moving work piece (seg. [6). Within the modulo area the
distance between,p and R represents the actual position of the work piexis. &ll
positioning commands of the NC program are refezdnto [, during active coupling.
After the successful machining of the desired myjlfeature the coupling is terminated and
Papsbecomes reference again. The gantry is set baitk itatial position and the machining
process starts over again. Thus the modulo valte tee distance between the milling
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features and represents the reference for the@osibupling mode.
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Fig. 6. Relevant reference points for coupled mode

To illustrate the machining process in coupled mddg. 7 and Fig. 8 show a square
milling operation with an edge length of 30mm ie tnachine tools x-y layer (Fig. 8 on top
right). Figure 7 shows the actual position anddtwetouring error of the x-axis without axis
coupling.
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Fig. 7. Actual position and contouring error of thaxis in uncoupled mode
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Fig. 8. Actual position of the additionally machiaeis (top left); machined geometry (top right)tusd position and
contouring error of the x-axis in uncoupled modetidm)
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Figure 8 on top left shows the actual position loé work piece axis in position
coupling mode. After reaching the modulo value 60i2m its actual position is zeroed,
which initializes the coupling of the machine ggrédnd work piece axes. Figure 8 on the
bottom shows the actual position and contouringreof the x-axis in position correction
coupling mode. With the successful synchronizatite NC program starts a movement in
the machine tools y-axis. Simultaneously the maehaols x-axis is moved synchronously
to the work piece axis.

Fig. 9. Work piece machined in coupled mode

After reaching the destination in the y-axis the Nfogram starts a movement of
30mm in machine tools positive x-axis. This movetremd the work piece movement are
superposed. The machine gantry runs at a highexdsfen the work piece. During the
following movement in the machine tools y-axis, antry and the work piece are moving
synchronously again. After further movements in thachine tools negative x-axis and
positive y-axis the milling process ends by reagtiime initial point p,. The axes coupling
is terminated and the machine gantry is set bads tiaitial point pps A comparison of the
contouring error during coupled and uncoupled ngllioperation shows no negative
influence of the axes coupling on the contouringpreand with that on the machining
accuracy. The strong rising after canceling thesabaupling results out of the rapid feed’s
acceleration. The high contouring error has naugrice on machining quality because at
this time there is no contact between milling taotl work piece anymore.

3. DISCUSSION OF RESULTS

Figure 9 shows a work piece machined in coupledendtie work pieces velocity has
been 5m/min. With that demonstrator the “milling the fly” was proofed successfully.
Nevertheless the milling features exhibits deviadiobetween actual and reference
geometry. The research work (see chapter 2) showsflnence of the axes coupling on the
machine tools contouring error. The influence oé tmilling process forces on the
contouring error in coupled and uncoupled machinpgration has to be examined. In
addition to the machining process forces therdwatber perturbations affecting the milling
process (see Fig. 10). During the test machiningraipns at times vibrations of the
machine tools gantry in its feed direction occurrgd/estigations showed vibrations at
a frequency of 50Hz superposed to the velocityhef work piece, which arise out of the
upstream and downstream forming rack drives. Théwations are captured by the rotary
encoder. In coupled machining mode not only thekvpaece motion but also the vibrations
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are superposed to the gantry motion and with thété¢ material guiding system. As a result
the guiding system induces the vibrations backé&work piece again. The whole system
gets unstable. The vibration magnitude is only tihiby the gantry drives performance.
After all, the vibrations arising out of the forrgimack drives, which are superposed to the
work pieces motion, are enhanced by the axes cdupiachining mode. During the
machining process the milling tool additionally exfts the work piece as a vibration
excitation.

4. SUMMARY

The paper describes the successful implementafitmed’'milling on the fly” process
into a continuous flow production line. For thisrpase the actual work piece feed is
captured by a rotary encoder. Its feed is proceasdtie actual position of an additionally
machine tool axis by the numeric control. By usthg NCs axes coupling feature the
motion of the machine tools gantry is coupled vifitt work pieces motion. The work piece
is guided by a specially developed guiding systerhandle the milling process forces in
the machining area.

During the test machining operations instabilitaesd malfunctions occurred. They
result out of vibration excitation caused by therfmg rack drives. Due to the low stiffness
of the elongated work piece the excitation caudasge vibration magnitude.

In the next step it is necessary to investigatedbminant interferences. With that
specific knowledge it is possible to take meastwestabilize the machining process and to
increase the machining quality. Currently the wpré&ce is guided in the machining area
when machined. Nevertheless a proper fixation efwork piece is not possible due to its
constant feed.
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mlllmg process
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Fig. 10. Perturbations affecting the milling proges

The elongated work piece with low stiffness causeallnerability to huge vibration
magnitudes, which results in a bad machining qualliherefore a moveable clamping
system will be developed, which has several adg@st@ompared to the gantry connected
guiding system. The reduced mass of the machinés tgantry enables an increased
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dynamic of its x-axis. Because of the avoidancehef relative movement between the
guiding systems rolls and the work piece theredsadditional vibration excitation. The
work piece clamping instead of guiding provides ieeded fixation in the machining area.
The influence of the poor stiffness of the workgaien the machining area is eased. Alike
the machine tool gantry’s drives the additionakaxill be set up with linear direct drives to
provide the required acceleration and velocity.déarease the influence of the superposed
work piece velocity vibrations the input of theant encoder will be filtered. Thereby the
transfer of the superposed vibrations to the mactaols gantry will be minimized.

ACKNOWLEDGMENTS

The authors would like to thank the German Resed&chndation (deutsche Forschungsgemeinschaft DFEG) f
funding the Collaborative Research Center 666 “gntd Sheet Metal Design with Higher Order Bifureats” at the
Technische Universitat Darmstadt (TUD).

REFERENCES

[1] GORTAN O., VUCIC D., GROCHE P., LIVATYALI H.,2009, Roll forming of branched profileslournal
of Materials Processing Technology, 209, 5837-5844.

[2] ABELE E., JALIZI B., BAKLOUTI F., SCHIFFLER A.2011,Herstellung multifunktionaler Strukturen — Mittels
Integration des Zerspanprozesses in Walzprofiliergen Zeitschrift fur wirtschaftlichen Fabrikbetrieb \(ZF),
Carl Hanser Verlag, Miinchen, 106, 522-526.

[3] ABELE E., JALIZI B., BAYERER A., 2012HSC Fréasen in einer kontinuierlichen Fliel3fertigungufbau eines
Werkstlickspannsystems zur Positionierung kontilichiebewegter Blechprofilewt Werkstattstechnik online,
Springer-VDI-Verlag GmbH & Co. KG, Disseldorf, Jgang 102, H. 9.

[4] ABELE E., BOHN A., JALIZI B., HAYDN M., LOMMATZSCH N., COUTANDIN P., 2012Steigerung der
Prozessqualitat einer fliegenden HSC-FrasmaschidaRBnahmen zur Qualitatssicherurgn Blechprofilen in
einer FlielfertigungsstraRevt Werkstattstechnik online, Springer-VDI-Verl&mbH & Co. KG, Diisseldorf,
Jahrgang 102, H. 1/2, 27-33.



