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Abstract: Production of complex components requires diffemotuction sequences. Especially in the
mold and die production, heat treatment, harderongleposition welding are required. Additional proc
essing systems can be combined in one machineler to reduce logistical effort in the productioh o
such components. Machine concepts offering thesensppose new challenges for the maintenance of
machining accuracy. The presented research exandiffesent aspects concerning operation accuracy
of a machining centre with two workspaces and &egrated industrial robot. Potential loss of accaya

is analyzed and experimental results of the mogbitant influences are discussed. Interactions betw
the workspaces, basically resulting from simultarseprocessing, are focused.

Key words: integrated machine tools, laser integration, maaing precision, thermal impact, mechanical
interactions, and qualification.

1. INTRODUCTION curve of total costs in a high wage country comgdme
those of low-wage countries are higher, basicallg tb
higher unit labour costs. Costs for technical resesi are
similar all over the world. Consequently the optimu
costs per piece are reached in a high-wage coattay
higher intensity of technology usage compared ® th
optimum of low-wage countries [3].

The Cluster of Excellence "Integrative Production
Technology for High-Wage Countries” of RWTH
Aachen University focuses on the polylemma of pmdu
tion. As illustrated in Fig. 1 the polylemma is spad
between the dimensions scale and scope in oneaaxis
well as between the dimensions plan and value én th
other axis. Descriptions of each dimension ancctiree- g
sponding dilemma are listed at the lower part @f. Hi.
Main target of the Cluster is the resolution of the
polylemma of production by merging the contradigtin
corners. In this way manufacturers necessity tagamn
a single strategy can be reduced.

"Productivity vs. flexibility" is one of the mainoo-
flicts that split production methods. Customizeddarc-
tion on the one hand requires flexibility and small
batches; on the other hand the increase of prodiycis
essential for low cost per piece in mass produdtior?].
Consequently modern production systems have to meet
both, the requirements of flexible production arab-e
nomical efficiency.

Plan

Figure 2 illustrates the need of high-wage cousttie Economies of scale Value orientation
use their ledge of innovation from the point ofwief = Sr{)”czhsfggésed = Eggf”‘rgi'ssesd
industry’s competitiveness. To ensure competitissrie p_ decisﬁm making
high wage countries it is necessary to ensure &iner " Hr'ggufg:igtr‘]ec”ge s Standardised
ledge in the utilization of technology and to remdiby P y methods
being more innovative compared to low wage cousitrie ‘D ‘D
From the point of view of cost per piece the actiate Economies of scope Planning orientation
is plotted in the lower part of Fig. 2. As illugied the = Flexibility and ® Centralised

versatility knowledge mgmt.
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Focusing future production systems in high wage2. TECHNOLOGY INTEGRATION INTO
countries it is essential to be more flexible op tne MASCHINE TOOLS

hand but remain cost efficient in terms of parttsam . . " -
Focusing on production technology the term "hybrid

the other hand. . :
For being more flexible one approach is to enablecan be related with products, manufacturing praess

production systems to execute further productiepsif ~ and production systems. Typical examples for hybrid
required for certain lots [4]. That for in the pasore and ~ Products are hybrid semi-finished sheet metalsgriib
more machine tools were equipped with additionehte réinforced cast components or plastics with integta
nologies. Those hybrid concepts can be dividedhiaet conductor tracks. They all f:on5|st of dlff_erent anels
categories: integrated applications or combinations that are usually not combined and mainly have com-
different physical mechanisms, integrated machineg?/etely different properties. _
performing different processes on the same workpiec ~ Concerning manufacturing processes the following
and integrated combinations of production Steps%}:, definition resulted from discussions within ClRP][6
by integrating additional technologies, the costgiece  “Hybrid manufacturing processes are based on thelsi
rise also being caused by higher machine hour eatds taneous and controlled interaction of process mecha
idle times of some components. nisms and/or energy sources/tools having a sigmific
Within the Cluster of Excellence the research ques-€ffect on the process performance” That means eeren
tion was consequently defined to be: How can multi-tional manufacturing method is supported by a seécon
technology platforms be designed taking into acttium  process in order to reduce the manufacturing cbst o
complex machine/ process interdependencies and howroduct, to achieve a higher quality or to overcartieer
can the complexity be handled in order to shorteodi  existing limits. A typical process is laser assisterning,
vation cycles, time to market or to reduce costsupé? being used for materials that cannot be machireoin-
In the next chapters different kinds of integraped- mon lathes.
duction systems are categorized, a demonstration ma Production systems are called hybrid whenever an
chine is introduced, possible interactions are sifiesl additional dissimilar process step can be appli@tinv
and those appearing at the demonstrator machine at&e same machine tool. At least two different tedtn
qualified metrological. gies must be applied [7]. In contrast to hybridgasses,
hybrid production systems are also called hybrithé
processes are applied sequentially at the samepieark
Another basic difference can be found in the eco-
nomical motivation. Most hybrid processes are drileg
the idea to machine materials that cannot be madhin
with convectional technologies or to enlarge the-ec
nomic benefit by increasing the productivity of thec-
esses [8 and 9]. Hybrid production systems bagicall
provide additional production steps that are nolynal
applied by machine tools next in line.
Know how Economic benefits can result shortening the ovéeirak
loss of production or from increasing the quality by mtac-
turing without re-clamping. As illustrated in seaker
Soe Technolo studies [10], the main disadvantage of most hypriat
ledge o duction systems is the investments in combinatidih w
> the losses of relative productivity. In most apgfions,
Price per Development state/time one proces unit is used, whereas the others ar¢lid].
piece Total costs low- Besides the reduction of overall production tima;, a
A age country vantages of integrated machine tools are typically
/ higher flexibility, especially regarding small bhatsizes.

Using innovative ledge
to achieve further stages

High-wage countries

Total costs high- Form the point of view of manufactures argumers:li
wage country

« High degree of automation.

« Complete machining in a single clamping.

« Continuous process data chain.

« Option of integrated workpiece qualification.

» High processing flexibility.

* Reduction of efforts for transport and setup need t

s

Resource
expenditures

f

_ . Unit labour costs be taken into account wh(_an discussing the integati
Unit labo ; high wage country of technologies into machine tools [2].
low-wage country — i > Figure 3 gives a short overview over different figbr
Optimum low-wage country Intensity of machlng tc_)ols being developed in industry and at re
Optimum high-wage country '€chnology useage search institutes the last years.

One of the first machine tools combining completely

Fig. 2. Technological and innovative edge for safeguardieg ~ different technologies is the TruMatic 6000 from
industry's competitiveness. TRUMPF Werkzeugmaschinen GmbH+Co. KG. In order
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machine tool concepts that offer the possibilityutse
different technologies simultaneously. That mears p
duction resources for different processes can bd &
value creation parallel to each other [11]. In thiay
their overall degree of utilization rises tremensigu
compared to integrated machine tools that do nfar of
this option [10].

One solution to have multiple tools or processing
units in operation is limited to comparative hugerkv
pieces and to certain limitations of axis confidimas.
That means there must be enough space for progéssin
terms of large workpieces in huge workspaces. Eurth
the workpiece should be static on the table. Else t
workpiece movement must be compensated by the sec-
Fig. 3. Development of Technology Integrated Machine Tools ONd manipulator.

Another machine tool design providing the option fo
to be able to fulfil the requirements of mass poiin  Simultaneous processing is illustrated in Fig. Ke Plat-
on the one hand and to provide the flexibility fodi- ~ form for hybrid metal processing was designed auit b
vidualized production on the other hand a convewtio Within the first phase of the Cluster of Excellerioete-
punching machine is equipped with an additionakias 9rative Production Technology for High-Wage Coun-
for laser cutting. Using this hybrid design it isssible to ~ tries” of RWTH Aachen University.

\a
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Quelle: Trumpf, Monforts, Alzmetall, Chiron, WZL

Integration of additional
technologies and parallel utilisation

-

produce standard parts in large lots very costiefit by In cooperation with the machine tool manufacturer
punching and to be flexible for smaller lots byeiasut- ~ CHIRON-WERKE GmbH & Co. KG a common milling
ting. machine was selected to be the base for the intexgraf

In order to overcome limitations of turning pross additional Iaser.processgs. With a bed length 602@Gm
and corresponding process chains the RNC 400 Lasefhe® base machine provides enough space for twol equa
Turn was developed in cooperation between the machi Workspaces and an additional manipulator in thedfeid
tool manufacturer A. Monforts GmbH & Co. KG and the A processing unit for laser deposition welding daser
Fraunhofer IPT. Such machine concepts allow laser a hardening (d) as well as another processing unilafeer
sisted turning operation, but in some versions e t texturing and If_;lser deburring (b left one) We_regnated.
machine also laser deposition welding. Depositi@dw  They can be picked up by the robot (f housing) ytHe
ing and laser hardening can be used for the praguof ~ SPindle (a) from their magazine (b) in the middie- b
shafts with integrated bearing seat or for exanfpte  fween both swivel tables (c) in the workspaces.hBot
highly wear resistant valve seats. Laser assistedriy ~ 1@ser processing units are equipped with media l@sp
basically offers economical advantages in termtsigiier ~ (€) being able to enter both workspaces. _
removal rates and reduced tool wear [2, 12, 131did Su_ch a design allows simultaneous processing of two

The third example for hybrid machine tools are the Workpieces —one in each workspace. It is possthiget
model series GS and GX of Alzmetall Werkzeugmaschi-the flexibility for small batch sizes and technabzg
nenfabrik und GieRerei Friedrich GmbH & Co. KG as advantages without losing economic efficiency ceuse
presented in Fig. 3. By integrating the machiningcpss d|sprop_ort|onal ratio of idle times I|k§ hybrid nidoce
drilling, turning, milling and grinding as well aseas- tools with non simultaneous processing normallymsho
urement devices, the machining centres GS offer thdroduced use cases and demonstrator scenariosgshowe
option of complete machining in one clamping. Ma-
chines of the GX series are equipped with laseddrar
ing, laser re-melting, laser alloying, laser disey and
laser deposition welding enabling complete therfival
axis machine of highly wear resistant componer$. [1

More or less the reasons for combining processes in
the way the examples illustrate are similar in esabe.
Additional technologies are integrated in ordepttovide
additional process steps for more flexibility iretekame
clamping. From the technical point of view all cepts
succeeded in providing the expected advantagesisFoc
ing the economical view the utilization of integrat
technologies must be taken into account as welat Th
means it must be taken into account how expensich e
production resource is and in which extend it isdus i-lr
Whenever production resources are used sequentiall

4

some of them have idle times that increase the mach
hour rate and therefore the production cost perepie A

A consequent further evolution of this approach to
solve the dilemma between technical requirements an Fig. 4. Configuration of the Hybrid Machine Tool for Metal
economical boundaries is the development of intedra Processing.
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that the utilization of processing units highly dags on  mounted on an additional platform and can be pased

boundary conditions like the combination and length  different positions.

processes but can easily be driven above commetslev Effects being listed in the category dynamic-
In how far technical limitations can border these mechanical displacement are basically inertia f®rce

achievements and how machine tools like that onebea  resulting from any movement or utilization of intatgd

qualified is derived in general and exemplarilystrated  components. That might be the acceleration andnthe

in the next chapters. In particular this includesndn-  tion masses among defined path in combination with

strating possible mutual influences of integrateathine  dynamic transmission behaviours.

tools in form of cause-and-effect diagrams and tifien Regarding thermally caused displacements the proc-

ing possibilities of the metrological examinatiomda ess power, the initial system temperature and thehar

qualification of the main impact factors on thedeoff ~ nisms of energy transportation must be mentionesd. fi

between processing quality and efficiency. The exact position of processing units and mantptda

in relation to the heat source, point of machiramgl the

3. IDENTIFICATION AND CLASSIFICATION time of exposition to heat might also be importaators
OF INTERACTION PRINCIPLES affecting the exact thermally caused displacement.

o _ The fragmentation in Fig. 6 is consistent for akdr

Machining processes have to meet requested specifintegrated machine tools. Breaking down the thiate-c
cations in terms of quality and productivity. Nottya  gories in elementary causation, leads up to a rapee
these objectives are opposed. A higher qualityezmier  cific differentiation whose impact is heavily depent
be achieved when running the process at lowerdesel on the particular configuration of the integratedcmine
productivity — the other way around high outputesat tool.
decrease the quality being achievable. The integration of a laser processing unit in a ma-

Regarding integrated machine tools additionalchine tool always influences the machine setup.iAdd
boundaries and mechanisms of interactions mightirocc tional media has to be transferred to the procgssiit
For example optical systems, being highly sensitve as well as the guidance of the actual laser uritthabe
mechanical impacts or to contaminations cannotigdeov realized. Therefore the magnitude of static medani
best quality in a common machine tool environment. influences depends among other characteristicshen t

Besides process specific impacts resulting frorh-tec rigidity of the manipulator, the weight of the lag®oc-
nological parameters like cutting rate, cutting ena,  essing unit and the passive forces being appliedupy
feed rate, and tool types influences may resulinftbe ply systems.
machine tool or from configuration of process chain The structure of the machine tool and its companent

This paper focuses on the impacts resulting froen th apart from the way the process is performed, seglen
machine setup and in somehow resulting from differe Or parallel, are responsible for the degree of thpéthe
setups of process chains. static-mechanical caused displacement.

In order to reduce or eliminate a potential deeezfs ~_L@aser integrated machine tools that perform the ma-
machining precision it is essential to understand t Chining processes sequential are rather insensftve
mechanisms that are responsible. Depending ondhe ¢ specific mechanical effects than for thermal effedthe

figuration of a specific integrated machine todfetent ~ duration of dynamic mechanical effects compared to
effects, shown in Fig. 6 might occur. While listitige thermal effects is not sustainable and thus doeaffect

cause-and-effect diagram the focus is on lasegiated

machine tools and their specialties in terms otilizsy dynamic-
interactions due to the integration. In addition ttee mechanical
impacts that affect machining precision in commaoa m displacement
chine tools like milling, drilling or turning theffects static- . motion
caused by the contactless machining of the lasiés as mechanical traif;gg‘i:onma(?hining R
well as potential synergetic effects inducted by thif- displacment behavior _ o
ferent technologies have to be taken into account. inertia mass motion path \
Focusing on laser integrated machine tools causebhéd force -
displacement can be subdivided into three maingoate __ external acceleration
ries as shown in Fig. 6. force manipulatorweight

) _ ) position manupulator/
+ static-mechanical displacement; - platform

distortion

» dynamic-mechanical displacement; \ position table  toolweight
» thermal displacement.

machining precision vs. productivity

The category static-mechanical displacement lits a
causes that influence the position of a certaieresfce initial temperaturer

even statically. That means any impact is mentibas manipulator position engrgytranspgrtatlon
appears without movement and is caused by additiona  process power radiation duration
integration specific weights. Considering an addil thermal

process unit it’s weight must be taken into accobuat displacement

also further components that became necessaryntticha
that unit. That might be an additional manipuldtwat is Fig. 6. Priciples of interaction.
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the sequential machining process. Heat energyp-intr
duced by the laser is inert and it's decay needshmu
more time than the decay of dynamic vibrations. $een

quently sequentially following processes might de a
fected by thermally caused displacement.

Inspecting laser integrated machine tools thatagan
ply multiple processes simultaneously dynamic meiha
cal effects are becoming more interesting. E.gerlas
processing units might be affected by vibratiorsulting
from mechanical processes being carried out simetta
ously. The abstract identification and classificatiof
interaction principles is generally valid for laserte-
grated machine tools, independent from the spelaifier
technology.

As derived in previous chapters machine tools @n b
equipped with multiple workspaces. By realizing Isac

design the combinations of potential mechanisms of

interactions rises disproportional. Figure 7 iliagts
possible principles of interactions of machiningtwmo
working spaces. In the process level input valulethe

machining process cause undesired thermal and méj

chanical effects beside the desired process reJuiesy-

mal and mechanical transmission behaviour transfer

these effects to thermal and mechanical distortiemd
deviations of the machine structure and componants

the machine level. Regarding the process levelethes

distortions influence the machining process andg timng
process result. Special feature of the exemplatg-in
grated machine tool is the existence of a secontting
space, which allows time parallel processing. gy
this machine structure, the thermal and mecharg€al
fects in the process level are not only affectimg work-
space they ordinate from, but also the second \pades
Especially thermal impacts are becoming a histased
dimension that depends on their duration in eactkwo

space and must be considered according to the gwoce

chains in both workspaces.

131

4. MECHANICAL EVALUATION OF A
DEMONSTRATOR MASCHINE

After identifying and classifying interaction princ
ples, possible interactions will be exemplary irigeged
focusing on the demonstrator machine. The demdostra
machine is the integrated machine tool for hybrietah
processing described in the prior chapters. Chariaoig
the integrated machine tool is, besides the feataf¢he
base machine, the existence of two equal workspaces
centre-installed robot to handle a laser processinigfor
being able to access both workspaces and a seased |
processing unit which can be picked up by the nmmechi
spindle. Following the categorization of displaceine
causes shown in Fig. 6 the static-mechanical and dy
namic-mechanical distortion will be analyzed.

First static based influences on the spindle amat+o
ing swivel table are taken into account. While stigat-
ing this machine tool pervious tests and numesaau-
lations in the design phase showed that the platfor
Jistortion due to the position of the spindle, wrEght of
the laser processing unit and the pose of theimgtat

§wive| table can be neglected considering the aogur

demands. Appearing forces during a milling procass
more crucial than the listed effects. Concernirgritbot
external forces, in this particular case they asulting
from the media supply. Considering the fact thatmma
ing precision depends on the characteristics oflsin
components makes clear why all these influence have
effect on static-mechanical displacement of thendipi
and the table. Both have to meet more restrictere r
quirements as components of the base machine tool.
Differing from the spindle and table combination is
the requirement for the robot and rotating swiablé
combination. As already mentioned the table sholws a
most no distortion so that the deviation of thecpss
point of the robot and rotation swivel table is ngi

Workspace1
FewCil

Workspace 2

&
2\

Input Parameter |

Machining Result |

| Input Parameter |

| Machining Result
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Fig. 5. Cross linked transfer of deviations between theksmaces.
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affected by the robot’s deviations. No distortimturs Excitation of Spindle
but the possibility always has to be taken intocaot
when designing an integrated machine tool.

The requirements on the robot in general are rather
low regarding the maximum load and the evolvingssen
tivity to external forces. Chances of displacendus to
influences arising from the integration are high.plar-
ticular external forces that affect the positioniaigjlity
of the robot derive from the weight of the laseit,uthe
weight compensation and the installed media supply.
Experiments showed different derivation of the nobo
directed laser processing unit depending on theahct
and pervious movement of the laser processing unit.
Especially the media supply affects the positiogcigion
of the robot.

In the second instance the dynamic-mechanical dis-
placement of both manipulators and the correspgndin
rotating swivel table combinations are examined.

Consistent to the structure of Fig. 6 the effedtthe ! AN
passive forces consisting of accelerations, maases Frequency
different motion paths are investigated. Thereftre
special influences of the media supply and the keig
compensation as well as the acceleration and spfabe

manipulatorslare in the centre of interest. Siryilter t_he spindle by a hydraulic exciter. In this case theots
reasons of disregarding, some effects on the spimdl  compliance is lower than the one of the spindleepkc
the first instance would not be considered heraidthe  {5; the resonance frequency. Meanwhile the diagaam
sensitivity of the robot to external forces pusitssbe-  he pottom illustrates the response of the spiraid

haviour into the focus. The results of experimahﬁsvy a  robot due to the excitation of the robot with arpaot
clear dependency of the robot’s precision on thdiane pammer.

supply again. As expected the compliance of the robot responding

In the next step the transmission behaviour of they the direct excitation of the robot is much higktean
components regarding their machining precision&®™®  the indirect response of the spindle.

ined. Figure 7 shows the experiment set-up beieg os Comparing the response of the spindle to the excita
investigate the characteristic of transmitting n&gbal  ion of the spindle and robot shows a lower conmuéa
impacts between the workspaces. In this case thBTY  fo the indirect execution. Examining the respooithe
tions during simultaneous machining in both works®  opot in the same way indicates a much higher cempl
are of major interest. The excitation takes plag&wvben  4nce of the robot on direct excitation than inditeg the
the machine spindle and the rotating swivel taliehe spindle as well as the same resonance area as firgh
illustrated set-up a hydraulic exciter is clampedtbe g yp,

table in the left workspacg and excites the spindle After analyzing of the dynamic mechanical effecis b
_ To measure the reaction of the components accelergpeir transfer behaviour the path accuracy ther lpsec-
tion sensors are installed at desired spots amgehine essing unit being guided by the robot need to kmuev
structure and the robot being located in the owerk-  ated in practical applications. Therefore a defineetal

space. ) o ring is clamped on the swivel table and the lasecgss-
The experimental results of the excitation of thieat ing unit is positioned above it, in order to maekative

and spindle are shown in Fig. 8. The graphs inuger  movement on the surface of the workpiece with gsei
diagram represent the response of the spindle gdash peam, To generate a reference for the evaluatide-in
line) and the robot (solid line) to the excitatioithe pendent from any dynamic-mechanical effects thekwor
piece is clamped coaxial to the rotational axitheftable
and the laser processing unit is positioned 25 rffrthe
centre. By rotating the table the activated laseant
marks an almost perfect ring with a diameter ofrs
ring. In further tests the workpieces are clampecke-
tric in order to force the robot to carry out comgpation
movement as shown in Fig. 9.

The adjustment is a circle with a shifted centranpo
Besides the test setup the laser marks as welhas t
tracked path of the processing unit are shown ¢ &i
Acceleration The deviation in principle is consistent with prays

sensor results gathered during tests with the isolatedtqiior

to its installation into the machine tool. Slighevience
Fig. 7. Experiment set-up for the investigation of mechahi in the amplitude of the deviations can be explaibgd
interactions. the impacts of the media supply and weight cemsp-

—— Robot
L | NN e - ---Spindle

NPT e e

Phase Compliance

,,,,,,

Phase Compliance

LAY

Fig. 8. Mechanical experiment results.
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Hydraulic exciter [f%
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Fig. 10.Experiment set-up for the investigation of thermal
interactions.

Fig. 9. Test setup and results for robot assisted laskelinvge ]
Laser process in left workspace

] o ] . _.20 Laserpower 2
tion. Other deviations of prior results potentialye € A\ -, X =
caused by the changes of the robot’s control cahged :1 0 'y v N 3 o ¢ ! "‘u,\,,\,_ \‘ ;i
integration into the machine tool control. This hasbe g-20 I+ Y i PV o
verified by further experiments. & 40 = fa \ 12
The mechanically caused displacements of the ma- & \| N 1S7\r s~ 1 %
chining point are affected to a certain degree fiigces 8"60 N ~=~77 N 8
that are based on the integration of technologg ma- 0 -80 0 -
chine tool. The requirements regarding machinirecipr 0 .50 100
sion that have to be met by the demonstrator meciuie L Spindel in right workspace
reached [16]. The machining precision mainly degend = —f aserpower — 2
on the accuracy reached by each single component. E 4 —_ T N\ E
c e —
5. THERMAL EVALUATION OF A g 2 1 g
DEMONSTRATOR MASCHINE § 0 > g
a ! Y @
Completing the analysis of interactions the thelynal & /1 -.Z\‘ RN <
caused losses of accuracy are examined. Thernaiteff © -2 4 = e — = 0~

can affect both workspaces during simultaneous and 0 50 100
sequential machining because of comparatively long Time [min]
decay time. Taking the tool centre point into fothe
following scenario makes clear how the utilizatioh
laser processing unit might affect the machiningcpr
sion in long term. The deviations detected in this experiment ares-llu
The laser machining unit performs in one workspacetrated in Fig. 11. The upper diagram shows the \ieba
inserting heat into the workpiece and into the nireeh of the robot in the three axis directions. Espégial the
structure causing distortions of all componentsngpei Y andZ direction the correlation of deviation and heat
influenced directly. The heat energy reaches tloersk  injection can be investigated.
workspace with less impact but still causes diginrt The displacement of the laser machining unit grows
there. Using the full potential of the machine sgi-the  in negative axis direction depending on the utilza of
manipulators permanently switch between both work-the laser processing unit. The reaction of the dipiin
spaces. Warm and more or less deformed manipulatorthe right workspace is more indirect than the ohéhe
might enter relatively cold workspace or the otheay robot in the direct heated workspace. Displacenmeit
around. Machining precision cannot be ensured espeandY direction grows up during the interval of heat-gen
cially regarding the spindle a few degrees easiidito  eration and starts to lessen some time after tbagrof
high losses of accuracy. injection. The repeating negative local peaks auad0
Figure 10 illustrates the experimental set-up teg  minutes and 70 minutes are generated by the coofant
tigate the thermal interaction between workspadé®  the spindle.
laser processing unit is placed by the robot ihi left Carrying on the explanation of interactions in tase
working space performing an interval laser maclgnin integrated machine tools displacements due to fpeci
process with 1.8 kW laser power. The displacemént oproblems arising from the integration are deteciiue
the laser machining unit is detected by a lasezkma  influence of laser integration of in terms of thatrelas-
with an accuracy of 10 um. The spindle is placeavab tic deformation affects the machining precision.eTh
the centre of the right rotating swivel table. Wgipath  actual loss of machining precision due to all afeia
sensors and dummy tool deviations of the positiothe@  both workspaces and the alternation of manipulpbsi-
spindle can be monitored. tions have to be analyzed in further experiments/els

Fig. 11.Experiment set-up for mechanical interactions.
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as simulations of the thermal elastic behavioutaser
integrated machine tools.

(3]

(4]
6. SUMMERY AND CONCLUSION

The motivation for the development of integrated
machine tools is the combination of economic bésefi
from mass production with the flexibility of indohial
production. By building up and using laser integdat
machine tools advantages of both dimensions ofrulila
between scale and scope can be reached. In partidul [6]
was shown that multiple workspaces can increase pro
ductivity and the resource-specific degree of zdiiion 7]
significantly. Besides these advantages additiovak-
spaces also result in a variety of other undesiretac-
tions and thus potential loss of productivity ocam@acy.
Within this paper different factors were dividedoiriwo
major fields - mechanical and thermal influencekisT
grouping can be applied to all laser integrated himec
tools but especially to the demonstrator machiag was
build up in the first phase of the Cluster of Eleete.

The demonstrator machine is unique and offers th?g]
possibility to investigate and to qualify influeiscand
principles of interaction independently from eatheo.

In particular it was shown that the mechanical g¢ran

(5]

(8]

C. Brecher, T. Breitbach, and F. du Bois-ReymoRtbteedings in Manufacturing Systems, Vol. 8,3s8013 / 127134

C. Brecher,Integrative Production Technology for High-
Wage CountrigsSpringer, Berlin, 2011.

G. Schuh, J. Kreysa; S. OrilsKiHybride Produktion” —
Wie 1+1=3 - Effekte in der Produktion maximiert werden
kdnnen(Hybrid production— how 1+1 = 3- effects in
production can be maximized), ZWF, Vol. 104, 200p,
385-391.

F. Klocke et al.,Scannerbased Laser CladdingANE
2012, Proceedings of the Laser Assisted Net Shage E
neering, pp. 346353, 2012.

B. Lauwers,Surface Integrity in Hybrid Machining Proc-
esses 1st CIRP Conference on Surface Integrity (CSI),
2011, pp. 241251.

C. Brecher, T. Breitbach, D. Do-Khac, S. Baumler, W
Lohse, Efficient utilization of production resources ineth
use phase of multi-technology platforrRsoduction Engi-
neering Research and Development, (Published online)
2013, pp. t10.

B. Lauwers, F. Klocke, A. KlinkAdvanced manufacturing
through the implementation of hybrid and media stssi
processesInt. Chemnitz Manufacturing Colloquium, R.
Neugebauer, pp. 26320, Chemnitz, September 2010,
Wissenschaftliche Scripten, Chemnitz.

A. Zaboklicki, Laserunterstiitztes Drehen von dichtgesin-
terter Siliziumnitrid-Keramik(Laser supported turning of
dense-sintered silicon nitride ceramic), Disseotati
RWTH Aachen University, Aachen, 1998.

mission behaviour affects the achievable machining10] F. Klocke, S. Ténissen, H. Wegner, A. Roderbigdel-

accuracy of various processing resources. Furthermo
the laser-induced warm-up behaviour and the adsacia
thermally induced loss of precision were determined

ling economic efficiency of multi-technology platfip
Production Engineering Research and Development, Vol
5, No. 3, 2011, pp. 29300.

The resulting data base can be used in furthesstep[11] C. Brecher, T. Breitbach, D. Do-KhaGtrategies and

especially to develop and align thermal simulatiord
prediction models. Using such matched models the be
haviour of the machine structure becomes predietabl
and can be compensated by appropriate compensati
cycles in future. Furthermore, the experience noutate
the effects of laser processes to machine toottstres
can in particular support to the development ofirfeit
production systems.
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