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A new combi-head design for machines with integfate
beam guidance is presented in this article. Immtove
Abstract features for optimized 3-D processing are the tesul
Furthermore, a programmable laser modulation cbntro
Flexibility is an often proclaimed property of lase 4jjows a high variation of speeds in 3-D contourd a

tools and normally adverted to flexibility in geotrye leads to burr free cuts in the complete speed rafige
material or lot size during the application of atai: the application.

laser process (e.g. cuttimy welding). With the laser

combi-head, even the processes themselves cam typical application of the 3-D combi-head
flexibly be changed within the manufacturing technology is illustrated by means of trimming,
procedure— in this case between cuttang welding. aperture cutting and welding operations on autoraoti
The gain in flexibility is accompanied by a shogdn B-pillars and profile-flange connections.

process chain, a more integrated production fgcilit

and higher accuracy of the resulting products kigh Cutting and Welding with a Multi-Functional
cost-effectiveness. Further improvements of the Laser Combi-Head

equipment for combined cutting and welding with a

multifunctional laser combi-head are described by The possibility of carrying out laser cutting and
means of new examples from research projects andwelding operations on one machine without changing
latest industrial implementations with ¢dasers as  the process head offers a lot of benefits [1-3]e Th

well as with fiber coupled solid-state lasers. combi-head is the key to this flexible production,
allowing the quick change of the processes just by
Introduction automatically changing the gas type and flow rate,

focal and nozzle position, laser power and speéé. T
3-D-laser material processing has benfited in recen so-called “autonomous nozzle” provides the gasget
years from the developments in high brightness disk cutting and the shielding gas for welding. The ueiq
and fiber lasers. The advantages of these lasers arconcept of the coaxial nozzle design permits amope
fiber coupled beam guidance, high beam qualityhhig space between the optics and the nozzle (evengdurin
laser efficiency, good pulsability, small size and cutting) for the integration of a cross-jet. Tht js
decreased investment costs. Additionally, the iaher  essential in order to protect the optics from smake
advantages - shortened process chains, high fliéxibi  spatter during the welding process, when we require
and accuracy - of combination processing in which only a low volume, smooth gas flow from the coaxial
cutting and welding are accomplished with the same pozzle.
processing head make 3-D laser processing ever more
attractive [1,2]. In principle, there are no differences between the

capabilities and parameters of standard cutting and
What makes brightness relevant for combined cutting welding heads compared to cutting or welding wiitd t
and welding is the enlarged operating window alldwe combi-head. Nevertheless, some details are worte to
for changing head distance. A “slim” focal zoneaof  mentioned in order to avoid needless confusion or
bright enough laser allows for cutting narrow kerfs scepticism. It is sometimes believed that adaptive

with a small nozzle stand off and for excellentdileg optics or motorized nozzles for changing nozzle
conditions with a larger stand off with the samezie  distance and focal position independently are
— even without changing the focal distance rel#§it@  obligatory during switching between cutting and

the nozzle exit [3]. welding. Of course these are possible options for
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special applications, but with the autonomous rozzl blanks causes gaps to form between the edges being
for many applications it turned out to be appragria joined. This can lead to either increased costsngur
use an identical focal distance from the nozzlefaip the prefabrication phase, greater demands being mad
both, cutting and welding. That means, focal positi  on the accuracy of seam tracking and gap measutemen
and nozzle distance relative to the workpiece serfa during the welding process, or even the use oérfill
are changed simultaneously, simply by lifting the material. In this context, integrated cutting anelding
complete head, when switching from cutting to with the combi-head opens up new possibilities.
welding. Less optical and mechatronical elements

reduce the complexity of the combi-head to the BRI e ™ e e e o imin 1 S KN Mot bar
required minimum and ensure maximum robustness.
Of course the head distance as well as gas type anc
flow rate, laser beam power and processing speed ca
be adapted automatically by the machine contrahgoe
programmed accordingly. And of course the combi-
head allows precise manual adjustment of the laser
beam focus in lateral and axial direction during th
setting-up of the system.

A suitable beam quality and the correct layouth# t
collimation and focussing optics according to the
demands of the combined processes are the crucia

boundary conditions to be successful with the above
described concept. Fig. 1. Specimen of 2-D tailored welded blanks from

coated steel (Imm/1.2mm), combi-processed with the
Combi-processing has several economic advantageddentical path concept on a 6-axes articulated trobo
compared to individual cutting and welding systems. without teaching or seam-tracking in a moderategrow
These include: short, integrated process chairgh hi range of 1.5-2.2 kW and at a processing speed of
machine utilisation, flexible and cost efficient 8m/min.
production of variants and savings in handling,

I

positioning and clamping of parts. Fig. 1 shows a specimen machined with a 6-axes robot.
From left to right: the edges are first prepareddser
Constand TCP and Identical Path Concept cutting, pushed together, and welded along theraig

cut path. Finally cuts in the welded blank are wely
The constant tool center point (TCP) and unchangedpositioned to each other. Even the limited accufcy
clamping situation for both cutting and welding and a robot at a cutting and welding speed of 8m/min
the free choice of an optimized sequence of cutimd provides constant good weld seams, because only the
welding operations enable higher accuracy and ehort reproducibility of the same path is required.
tolerance chains. For example, no tracking system i
needed for welding, if the edges are previously cut g
with the combi-head. Thus the coordinates of thiEelwe §
track along these edges are perfectly known by they
system. Since the TCP remains the same when‘

welding, the path for the weld seam is precisely
defined within the machine coordinates.

Whenever cutting and welding operations in combi-
processing can use an identical path with the same
clamping, the precision in repeating the cut/weld
contour is perfect to achieve good and reliableltes
Thus even machines with moderate accuracy such as
articulated robots can operate at higher speeds tha

usually. Fig. 2: Laser cutting and welding machine for coil

2-D tailored blanks, processed with the combi-head, processing (source: TKLT).

demonstrate the benefits of the identical path eptic
Particularly in the production of nonlinear taildre
blanks, lack of precision in the prefabricationthé
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Cutting with Ny: Combi-Head Welding of
R *=75um Laserfact F2-Y: laser cut edges
dross-free f=300mm with Ar:

2,4Am/min nozzle 3mm 3,6 m/min
* Roughness measuring track position and length according to ISO standards

Fig. 3: Combined cutting and welding 8mm thick
structural steel sheets with an 8 kW disk laser.

Another industrial application of the identical Ipat
concept is the processing of coils to produce ‘essll
coil material in coating lines by laser trimmingeth
ends of coils, laser welding them together and
subsequent laser cutting of a smooth coil transitio
the start and the end of the welded joint trdeig.(2).
ThyssenKrupp Steel is using a £@ser combi-head
for this application in coil production lines in fBeany
and in USA since 2009 [4]. With enough laser power
the combined cutting and welding can also be mahage
with thicker plate or profile material, as demoastd
with an example irfrig. 3.
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Fig. 4 shows cutting and welding speeds on
automotive sheets with 4.0 kW laser power from a
fiber laser with a 150 um diameter fiber. With sieal
fiber diameters, i.e. higher beam quality, everharg
speeds are possible. On the other hand, if an
application does not require or cannot handle $igin
speeds, a laser with lower power can then be used —
with corresponding cost reductions.

Essentials for 3-D Capability

The above examples show that there are reasonable 2
D applications for combi-processing. Nevertheless,
combi-processing is predestined to manufacture 3-D
assemblies from 3-D raw parts: deep-drawn sheets,
blanks, hydroformed parts, profiles or tubes etc.
Hence, the following 3-D capabilities from the
machine, the processing head and the process are
required;

- appropriate machine kinematics, providing the
application-oriented requirements in accessibility,
speed, acceleration, accuracy

- a slim head with a small interfering contour ¢mod
accessibility of the workpiece

- process parameters that provide good quality aver
wide speed range, because in 3-D processing the
potential variance in the TCP processing speedigg h
due to unavoidable low-speed phases during
reorientation of the head e.g. at bending edges

- distance tolerant process parameters especialhé
cutting process, because bended surfaces or lateral
material and clamping tools influence the signathaf
capacitive distance control and cause higher vanat

of the nozzle distance than is usual in flat stg&t
cutting.

These requirements are met by a laser gantry robot
with axes-integrated beam guidance and a therefore
optimised combi-head as well as an appropriatecehoi
of the beam parameters.

The applied gantry robot RLP16 from Reis provides
three linear axes with linear direct drives ande¢hr
rotational axes The highly dynamical drives achiame
acceleration of 0.7 g. When following 3-D contours
with small radii the hand axes of a robot can
experience rapid changes in speed and orientafion o
the processing head. Accordingly, stresses inities f

Fig. 4: Maximum cutting speeds (top), and adapted by bending, torsion and lashing movements would

welding speeds for a sound root formation (bottom).
(Laser power: 4 kW, fiber diameter: 150 um, materia
galvanized steel)

occur. This is avoided by employing an axis-intérna
beam guidance system with mirror optics. The fiber
connection and the collimation optics are located
above the last two rotational axes of the robot.
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guidance

- Ne— Laser Power Modulation

Depending on the contour involved, the speed of the
Tool Center Point (TCP) can vary significantly irD3
applications. Reduced quality occurs in low speed
sections in the form of burrs when cutting andguier
joints during welding. In combi-processing, as in
standard cutting or welding, a simple laser power
control with respect to speed is an effective amdae
some of the problems due to speed variation. Howeve
to achieve a burr-free cut quality over the whgeexl
range, an adaptive laser power modulation is nacgss
] ) . ~ (Fig. 6). A programmable laser modulation control has
Fig. 5. Combi-head on a gantry-robot with axis- peen developed, that allows us to adapt modulation
integrated beam guidance frequency, duty-cycle and amplitude of the lasevgo

. . to the effective speed. By the control of pulse
The newly develqped version of the (_:omb|-head _F2-X frequency and duty-cycle it is possible to adjusthb
from Laserfact kig. 5) is equipped with @ mounting  the ayerage power and spatial overlapping of pulses
flange for an optically and mechanically coaxial individually for each velocity. In addition, by asting
mounting to the last rotational axis of the gamtiyot. the amplitude the depth and level of the modulagion

The upper part O_f the .head, containing the z-etk]ie, tuned according to the required process charatitstis
focusing optics with adjustment elements and alfiiane

connections, has been redesigned for a short, aimpa
length and to fit to the coaxial mounting flange.

F2-Y F2-X
standard with coaxial mounting
for integrated
beam guidance

Gantry kinematics profits from short tool lengthbem
paths around bended workpiece corners with small ;
radii are required. This is because a short todlices
compensation movements and improves the dynamics
around the small radii. The combi-head meets this
demand by a short overall length of 305 mm from th
flange to the nozzle tip, including the additiomedxis
for the distance control.

Taking advantage of a modular design, the lowet par
of the head, containing the protection window, the
crossjet, the distance sensor and the autonomous
nozzle, is unchanged in comparison to the othebtom
head versions. For optimal workpiece accessibdity
additional nozzle version with a cone angle of K88
been developed. The small angle also reduces
interference of the distance control signal caulsgd

lateral material proximity. Due to the modular head _. ) . -~ .
design, the modified nozzles are applicable for all Fi9- 6: Low speed cutting affects quality: backsida
existing combi-head versions. sheet with three cuts and photos of corresponding c

edges, all cut at a speed of 1m/min:

The functional scope of the combi-head control unit
was extended, too. For example, not only can hibth,
distance and the absolute z-axis coordinate, b&yset
the operator as well as be measured, closed-loop
controlled and conveyed to the superordinated machi bottom: laser power 0.5 kW (average), peak power 2
control, but the distance control system also et |y pulsed with =250 Hz, duty cycle 0 o5

an auto-calibration mode and can monitor whether a =’ ' ’

pre-defined tolerance band is being complied with.

top: laser power 2 kW, cw

middle: laser power 0.5 kW, cw
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3-D Applications m/min, depending on their diameter and the material
thickness. For the smallest radii the pulsed mods w

An increasingly important laser application is the ysed. The welding speed was 3 m/min for the laglwel
processing of ultra-high-strength steels becauseeeth  through the reinforcement plate (1.3 mm) and tiiarpi
materials are difficult to cut mechanically andoals (1.4 mm). The maximum laser power used was 2.5
conventional joining techniques are not suitablee T kw. The lap-weld only takes about five seconds. The
trend is driven particularly by the use of modeot h  combi-head avoids the need to switch to another
formed high-strength MnB-steels for crash-relevant  processing station and hence saves all operatioml
body components. Main objective is the reduction of jnvestment costs that this entails. Depending an th
vehicle weight as well as improvement of strengtt @  details of the cut contour, the overall procesginge
stiffness of its structure. A well established awbdive for cutting and welding a B-pillar as Fig. 7 is in the
application example is laser trimming of the outer range of 1 min.
contour and cutting of apertures of B-pillars made
from 22MnB5 steel. With the availability of 3-D
combi-processing it becomes even possible to iategr
welding operations into the process chain with the
same setup leading to the benefits discussed glread

At first, several holes are cut into the B-pillar. B
Secondly, the final dimensions are cut. Next, a

reinforcing sheet is welded on the pillar and fipal
holes are cut through the reinforcing sheet andBthe

pillar (Fig. 7).

Fig. 8: Combi-head at work. Cutting and welding
process on the B-pillar with a gantry-robot (photo:
multiple exposures).

Another unique capability of combi-processing ie th
lap welding of a circular seam just before cuttthg
holes precisely at the inner edge of the weld eircl
This process sequence produces a gap-free, sealed
hole, preventing subsequent crevice corrosion batwe
the overlapped sheets via the hdleig. 9). The
coordinates of the weld are known in the machirg an
with an identical path plus an offset a preciseitjprs
of the cut relative to the weld is possible, thatik¢he
Fig. 7: Combi-processed B-pillar with cross-sectidn common TCP for cutting and welding. As both
the welded reinforcing sheet and details of the cut processes can be done right one after the other e
contours, max. laser beam power 2.5 kW. no additional positioning. Another option is the
welding on of additional functional parts such assn
All operations are performed in one clamping, thus studs or mounting plates.
high positional tolerances between the outer cantou

and the holes, including those in the weld-on pane, 1. Welding 2. Cutting
guaranteed. > T 7
The gantry robot RLP16 from Reis is equipped with a ‘ - '

Laserfact combi-head F2-XFig. 8). An IPG fiber
laser YLR4000 SS is connected to the integratedhbea
guidance with a 100pm diameter process fiber. The Fig. 9: Cutting a sealed aperture along a previjousl
large contours were cut at 15 m/min, the holes-@t 3 Wwelded circular overlap seam through two sheets.
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Distance Sensor Recorded Coordinates

In 3-D processing the above described identicah pat
concept has to be extended to the third dimension.
While in 2-D processing the cut path is well-de€irzy

the cut edge coordinates laterally to the shedasey
3-D processing additionally involves a height camto

of a shaped surface. Frequently, this shape isvaiit
defined but varies from part to part due to tolesmnof

the pre-manufacturing deep-drawing or bending

processes or of the clamping device. This can cause

non-fitting joints with unacceptable edge misaligamn
particularly in the case of I-butt or stake-weldedutt
joints.

Due to the constant TCP and the unchanged clamping

situation in combined cutting and welding, theralso

an effective solution in this case. For the compgaos

of part tolerances, the required information abibwet
height contour deviations of the part is recordedrd)
cutting via the distance sensor of the combi-hddd
coordinates are conveyed to the machine control in
order to specify the corrected program for the
subsequent welding procedure. fig. 10 the concept

of distance sensor recorded coordinates is

Conclusion

A 3-D gantry robot with high dynamic response
and accuracy due to linear direct drives, and an
integrated mirror beam guidance in the rotational
axes provides a solid machine basis for
multifunctional laser processing with fiber
coupled lasers.

« A new combi-head, featuring optimised 3-D
capabilities as a result of its slender designytsho
length, coaxial mounting flange and fast distance
control with a dynamic z-axis allows for flexible
and efficient cutting and welding.

» A speed-adapted laser power modulation control
ensures continuous quality also in critical 2-D and
3-D contours.

The extended combi-head control unit manages
signal inputs/outputs e.g. for/from distance sensor
setting and signal, additional z-axis drive setting
and position, the machine control program and
parameters, and the user interface.

demonstrated by means of a complete process chainfhe identical path concept (2-D applications) anel t

for a profile-flange connection. It comprises tlasdr
trimming of the U-shaped profile with simultaneous
recording of the height coordinates via the distanc
sensor, the subsequent stake-welding of the T-fomt
the profile-flange connection and finally the codtiof

a circular aperture into the flange with a wellidefl
position relative to the profile cross section lihea
the recorded profile coordinates.

1. Trimming the profile

and recording height 2. Vieldinghe

flange plate

3. Cutting the
flange aperture

coordinates

Fig. 10: Manufacturing of profiles with flange pat
by combined cutting and welding with distance senso
recorded coordinates

As a matter of fact, there are many possibilities f
intelligent process chains opened up by the integra

of laser cutting and welding processes in a flexibl
manufacturing  environment. And beside the
improvement of existing processes also completely
new product designs become possible and can b
manufactured cost efficiently.

e

use of distance sensor recorded coordinates (3-D
applications) are processing strategies for high
precision and accuracy in an integrated procesi cha
of cutting and welding procedures.
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