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Laser Powder Technology for Cladding and Welding
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Laser powder technology offers several advantages compared to conventional cladding and welding
techniques and is attracting increasing industrial interest. The laser materials processing group of the
German Aerospace Center at Stuttgart, Germany, is currently developing these new methods for appli-
cation in industrial process engineering. Key areas of the work include the design and implementation of

a modular working head that can be universally used for laser welding and surface treatment, the devel-
opment of powder nozzles for cladding and welding, and the construction of new systems for special ap-
plications (e.g., for inner cladding). Some of these developments are described, as well as some
important examples that highlight the potential of welding and surface treatment using laser pow-
der techniques.
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Laser powder technology basically comprises five element
(Fig. 1): a high-power laser, a beam-guiding system including
the focussing optics, a powder supply system, a cladding/welc
ing module, and a manipulator to handle the workpiece. Toda

Cylinder heads, gear units, crank cases, and chassis are alhe only laser systems that are capable of supplying a continug
parts of automobiles, predominantly made of light alloys like wave (cw), with constant emission of radiation of power of sev
aluminum and magnesium. Although the density of these mate-eral kilowatts, are solid-state and glasers. The results dis-
rials allows considerable savings in weight and, hence fuel, incussed in the following sections were obtained using either
most cases it is necessary to modify the basic form of the metalNd:YAG laser (3 kW), a C@slab laser (2.5 kW), or one of two
This can be done either by surface treatment or by welding (Reffast axial-flow CQ lasers (4 kW, 20 kW). Different kinds of
1-7). commercially available powder supply systems were used (e.g

Cladding is used to increase the hardness of a component oMetco MFP1, Metco MFP2 (Sulzer-Metco, Westbury, NY),
to improve the corrosion and/or the wear resistance of the sur-Plasmatechnik Twin 10-C). The workpieces were manipulateg
face. There are many technologies available to do this (e.g., therby either a fixed working station (either a four- or a six-axis sys
mal spraying, electroplating, physical vapor deposition, etc.). t&m) or a seven-axis robot system.

Most of these conventional techniques are limited by a maxi-
mum coating thickness of less than 0.5 mm. In contrast the maxi-,
mum thickness achievable by laser surface treatment is on thé?" Laser Powder TeChnOlogy
order of several millimeters. Moreover, the bonding betweenthe  The correct combination of focussing optics and powder sup
coating and the substrate is excellent, and the tendency to fornyy is essential for a successful cladding or welding process
pores and cracks is also reduced. Furthermore, cladding is nokjormally a high focal length is chosen to increase the depth ¢
only limited to light alloys, but can also be used for materials focus (or “Rayleigh length”) of the focussing optics, as this is
such as copper and steel. advantageous for processing uneven surfaces. Additionally, t

The same laser processing system can easily be used fogptical elements are better protected against powder pollution
welding and surface treatment by modifying the working dis- |onger working distances. However, the choice of the foca
tance (Fig. 1). This is especially useful for aluminum parts. |ength often depends on the component to be processed. F
The process always needs additional material, which is nor-welding and outer cladding at= 10.600 nm a copper mirror
mally supplied in wire form. A new process called laser pow- with a focal length of = 300 mm was used, while the standard
der welding replaces the traditional wire with a wirelike optics atA = 1.060 nm was a quartz lens with 140 mm. In
focused powder beam and extends the use of lasers in weldeontrast a focal length &£ 43 mm was necessary for the inner
ing applications. cladding of tubes a = 1.060 nm to allow a compact “lance”

With the help of some examples that have already been transeonstruction (see Fig. 2). A carrier gas was required to transpd
ferred to the automobile industry, this article aims to demon- the powder homogeneously over longer distances. Genera
strate the application of welding and surface treatment usingspeaking, the greater the distance is between feeder and lance,
laser powder technology. greater the gas requirements. Furthermore, to obtain good claddi

orwelding results, itis usually necessary to separate the powder a
J. Arnold andR. Volz, Institut fir Technische Physik, DLR-Stuttgart, the carrier gas after transportation to the lance. For this reaso

Pfaffenwaldring 43, D-70569 Stuttgart. Contact J. Arnold at e-mail: Powder-gas separator, a so-called cyclone, was developed
itp@dlr.de. DLR and optimized as part of the cladding/welding module.

1. Introduction
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Fig. 1 Laser beam technologies with powder addition

one-step laser cladding

Fig. 2 Laser powder processing of inner surfaces. (a) Rotating lance fixed to a moving robot. (b) Moving component. (c) Statienary la
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Fig. 3 Influence of the shielding gas on powder focussing. (a) Scheme. (b) Round-stream powder nozzle, gas switched off. {@aRopodder
nozzle, gas switched on

Additionally most welding or cladding processes employ a
shielding gas. Apart from its main task of protecting the working
area from oxidation, the shielding gas also helps to focus the
powder stream (Fig. 3). All of the round-stream powder nozzles
that were used for longer working distances include an inte-
grated shielding gas system. This results in a compact, modular
design and increases the flexibility, particularly at difficult to
reach working positions.

Figure 3(a) shows the mode of operation. Without shielding
gas the powder diverges rapidly (Fig. 3b), butis formed into a jet
or beam with gas assistance (Fig. 3c). Up to now it has been pos
sible to produce a powder jet with a maximum length of 30 mm.
If there is a perfect alignment between powder and laser beam,
powder deposition efficiencies of up to 90% can be achieved.
Figure 4 shows a possible alignment tool. Here a cladding and
welding module has been mechanically fixed to the focussing
optics of a Nd: YAG laser, thus allowing a correlation of the focal
point of the laser and the point of powder impact.

This flexible module can easily handle many accessible con-
tours, but a different configuration is required for the laser coat- Fig. 4 Cladding and welding module
ing of the inner surfaces of tubes and cylinders, etc. Such a
system was developed at DLR and is known as a rotating lance ) ) ) ) )
for inner cladding. Two different arrangements can be distin- ples.sunableformass production are describedinthe followin
guished (Fig. 2): (a) a rotating and/or linearly moving compo- Sections.
nent with a stationary lance and (b) a rotating lance attached to a
moving robot with a static component.

Although the minimum internal diameter that can be used in 4. Surface Treatment
both cases is approximately 80 mm, the scope of the two ar- The choice of substrate materials that can be coated by las
rangements differs quite significantly. In the first case there arepowder technology includes steel, cast iron, copper, aluminu
no major demands placed on the cladding process itself, asand magnesium. The coating powders that are used are clas
there is no change in the cladding direction; that is, no over-fied into aluminum, iron, nickel, and cobalt-base alloys. Tita-
head cladding. The second case, however, offers more flexi-nium carbide, tungsten carbide, or silicon carbide can be addé¢
bility, especially if heavy components need to be processed.to these alloys to increase the hardness.
Additionally the combination robot/rotating lance can be inte- During laser cladding the bulk of the powder interacts with
grated more easily into a production line. Some typical exam- the laser beam before reaching the surface of the workpiece. T
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energy of the laser beam is partially absorbed by the powder, de2% for copper (Ref 8). The residual laser energy that is neither
pending on the powder composition, particle size, and powderabsorbed nor scattered by the particles hits the substrate surface,
density. AtA = 1.064 nm, typical absorption coefficients for a where it is dissipated by reflection or absorbed, resulting in the
spherical particle are up to 38% for iron, 7% for aluminum, and melting of a thin surface layer.

AlSi layer

aluminium
pipe (base
material)

Fig. 5 (a) Inside cladding of an aluminum pipe with hypereutectic
AISi (Nd:YAG laser power 3 kW, processing speed 1.5 m/min). (b) En-
largement of the front part of the pipe

The laser coating process is especially suitable for aluminum
because any precleaning such as etching of the aluminum sur-
face layer is not necessary. The inner cladding of a hypereutecti-
cal AlSi layer (thickness: ~2 mm) on an aluminum pipe (AlSi10
cast) is depicted in Fig. 5(a). The enlargement (Fig. 5b) shows
explicitly the axial overlapping of the adjacent coating tradks (
~45%) and the homogeneous structure of the layer. After final
processing of such pipes by milling or honing they can be typi-
cally used as liners.

Figure 6 shows other industrial applications. Wear resistant
layers have been applied to aluminum substrates as valve seats
(Fig. 6a-c) and to piston-ring grooves (Fig. 6d). In the latter case,
the individual steps are described in detail. After machining an
oversized groove (1), it was filled by laser cladding (2). The final
piston ring groove was machined (3) to produce the final geome-
try required.

The same approach can also be applied to pistons made of
magnesium, but this requires the use of slightly modified work-
ing parameters. Besides aluminum and magnesium, there are
also other base materials that can be finished by laser power
technology. Figure 7 shows a nozzle made of continuous cast
copper, which has been partially clad with a nickel-base alloy.
Using a laser power of 11 kW €& 10.600 nm) the extent of mix-
ing between the alloy and the copper is less than 5%.

Figure 8 shows another example of the use of laser powder
technology. The nozzle of a die-casting machine that is exposed
to large alternating mechanical and thermal loads has been clad
with Stellite 157, a cobalt-base alloy, using a Nd:YAG laser

Fig. 6 (a)to(c) Valve seat cladding with Al-Si-Cu-Ni powder (&l&ser power 6.8 kW, processing speed 0.6 m/min). (d) Piston-ring groove processing
with Al-Si-Ni-Cu powder (Nd:YAG laser power 2.7 kW, processing speed 0.65 m/min). 1, oversized groove; 2, filled by laisey;, 84ftthl machining
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power at 2.5 kW. Although this mainly serves to increase the roof. Step welding can be performed easily with laser powde
abrasion resistance of the nozzle and, hence, to reduce the dowt@chnology, while it is difficult to obtain such good results using
time of the die-casting machine, the same process can also biser welding with wire. One of the main problems of stepweld
used to repair damaged nozzles. This is an additional benefit ofing using a wire is the moment the laser stops. In most cases t
laser cladding because in contrast to other coating techniqueswire is welded immediately to the workpiece, leading to a failure

material can be applied exactly to those areas where it is ref the process. Although new pull-and-push systems increas
quired. the reliability of welding with wire, this effect is totally un-

known to laser powder welding.
Finally, Fig. 10 presents an application outside the motor in
5. Welding dustry. Here the overlap welding of a saw blade made of hig

speed steel can be seen. The saw blade itself (100 mm diame
In general, the advantages of laser welding in industrial proc-

ess engineering are manifold. Particularly important are a high

PAM3INSY 1884

welding speed, a high degree of flexibility, and automation, as ,-

well as a reduced distortion of the components because of a low .l"t.. —

heat absorption. Conversely, the investment costs of a laser sys- 'ﬁq" — y
e

tem and the requirements regarding process accuracy are both
high. However, the laser powder technology offers some prom-
ising starting points, particularly with regard to precision.

Figure 9 shows the process of step welding and some typical
aluminum welding applications on car bodywork and on a car

< -

Fig. 7 Two wear resistant layers made of a nickel-base alloy depos-  Fig. 8 Nozzle of a spray die-casting machine made of hot work tool
ited on a copper substrate (glaser power 11 kW) steel (1.2343) coated with a cobalt-base alloy (Stellite 157)

Fig. 9 Typical welding applications in the motor industry using a Nd:YAG laser power at 3 kW. (a) Step welding (working speeihy. BanFillet
welding of the car body structure (3.3 m/min). (c) Overlap welding of car roof parts (4.5 m/min)
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mally difficult to weld or clad evenly. Several significant appli-
cations in the automobile industry highlight the potential of the
powder technique in the areas of welding and surface treatment.
In the future, this technology will also find application in other
branches of engineering, for example, in the aircraft and ma-
chine-tool industries.

g
=
2
N
)
@
L.
o)
o)
Qa

References

1. R. Volz, U. Reichelt, S. Wolf, Y.T. Pei, and T.C. Zuo, Laser Processing
of Aluminium Automobile Parts with Powder Technologig6th Int.
Symposium on Automotive Technology and Autom#&@osydon,
England), Automotive Automation Limited, 1997, p 393-400

2. M. Brandt, D. Scott, S. Emms, J. Baumer, and R. Clarke, Laser Clad-
ding Using a High Average-Power Nd:YAG Laser and Optical Fibers,
50 mm in Laser Materials Processing Conference ICALEO{@6lando,
= FL), LIA, 1995, p 632-639

3. J.A. Folkes, Developments in Laser Surface Modification and Coating,
Fig. 10 Overlap welding of a saw blade made of high-speed steel Surf. Coat. Technolol 63, 1994, p 65-71

4. R. Volz, Producing Hardfacing Layers on Aluminum Alloys by High-
depressed center) is attached subsequently to an oscillating cut- Power CQ Laser,Laser Surface Treatment-Proceedings of the 4th
ter. This tool can be used to cut sheet metals up to 1 mm thick, Europoean Conference on Laser Treatment of Materials (ECLAT)
glazier putty, wood up to 30 mm, and other materials. Typical (Gottingen, Germany,) B.L. Mordike, Ed., Oberursel: DGM Informa-
applications include car body repairs, removing wood door  tionsgeselischaft, 1992, p 399-404
frames, cutting out glass panes, separating metal trims from win- 5. M. Kawasaki, S. Kato, K. Takase, M. Nakagawe, K. Mori, M. Nemoto,
dows, etc. To prevent the blade from thermal deformation, only et al., The Laser Cladding Application for Automotive Parts in Toyota,
a very small amount of an iron-base alloy (stainless steel powder in 25th ISATA Silver Jubilee International Symposium on Automo-
Metco 41C, Sulzer-Metco, Westbury, NY) can be used. The tive Technology and Automati¢iFlorence, Italy), Automotive Auto-
same is true for the power of the Nd:YAG laser, which is be- ~ mation Limited, 1992, p 293-300

tween 0.5 and 1 kW. 6. M. Pierantoni, J.D. Wagniere, and E. Blank, Improvement in the Sur-
face Properties of Al-Si Cast Alloys by Laser Surface AlloyMgter.

. Sci. Eng.Vol A110, 1990, p L17-L21
6. Conclusions
7. A.G. Crooks and E. Hornbogen, An Exploratory Study of the Effect of

Specially designed nozzles offer the possibility of forming Laser Treatments on Coated Aluminum Allojetall., Vol 43 (No.
and guiding powders into a precise jet or beam, analogous to the ~ 10). p 954-957

wires used in traditional thermal spraying. This leads to a high 8. H. Kindler, Doctoral thesis, 1998, DLR-Stuttgart, Pfaffenwaldring 43,
powder efficiency and allows access to positions that are nor-  D-70569 Stuttgart, Germany, 115 pages

2487 Volume 8(2) June 1999 Journal of Thermal Spray Technology



