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Abstract  
 

Laser beam build-up welding gains increasing importance for the production of high-
performance coatings for applications in surface treatment and remanufacturing. 
However, the cladding rate is low and the specific running costs are comparatively high, 
so that potential laser applications remain undeveloped first of all for economical 
reasons. Against this background, innovative developments aim at combining laser 
build-up welding and efficient spraying, welding, and heat treating techniques.  
For large area claddings, laser assisted plasma spraying guarantees as a one-step 
coating process high deposition rates, completely dense coatings and a strong, 
metallurgical bonding to the substrate. Furthermore, the sequential combination of laser 
and plasma build up welding (PTA) is a promising variant for the production of precision 
parts. Here, the laser beam generates the outer contours of filigree and complex shape, 
and the plasma gun fills efficiently the inner volume. Finally, the combination of laser 
cladding and simultaneous induction heating is a solution for the production of up to 
65 HRC hard and crack-free metal coatings or composite claddings containing up to 
75 % carbide particles. The welding speed reaches up to 10 m/min. 
Examples of application are ceramic coatings on turbine blades, nickel-base coatings on 
metal forming tools, and repaired tools and molds. 
 

1. Introduction  
 
Surface and coating technologies have a key function within the manufacturing process 
of modern products. The importance of these techniques is based on the opportunity to 
split the functions of substrate and surface and to optimize these functions separately. In 
this connection, advanced laser and plasma welding and spraying technologies have 
been established in the industrial production for the production of coatings with a 
thickness between 10 µm and 10 mm. The state of the art of modern laser and plasma 
sources fulfill completely all preconditions for the integration into the manufacturing 
process. All related techniques (e.g. laser cladding, PTA build-up welding, thermal 
spraying) have their specific advantages with respect to precision, productivity, ecology, 
or flexibility. Innovative technical combinations and hybrid techniques permit to combine 
selected advantages and offer completely new solutions for surface cladding and the 
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generation of three-dimensional structures. The paper is focused on three laser based 
hybrid techniques which are applied for hardfacing as well as remanufacturing of tools, 
molds, and armatures. In fact, these are sequential laser and plasma transferred arc 
(PTA) cladding, laser-induction cladding, and laser assisted plasma spraying. 
    

2. Laser/plasma build-up welding combination  
 

 The strategy of the gene-
ration of 3D structures consists 
normally in the track wise pro-
duction of a filigree and complex 
outer contour and the filling of 
the volume given through this by 
simple filling tracks, Figure 1. 
The contour tracks require the 
highest precision of the material 
deposition, and low deposition 
rates are accepted. So, laser 
build-up welding is the right way 
for this purpose. In contrast, 
for the volume filling a lower 
precision is required, but the 
productivity should be much higher. An at-
tractive technical solution for the combination 
of both, accuracy and productivity, is the 
alternating laser and plasma build-up welding. 
Figure 2 shows an industrial solution where a 
laser cladding head and a PTA weld gun are 
integrated directly into a milling center. 
Controlled by one CNC controller, the laser 
and plasma welding processes run on the 
basis of a pre-defined build-up strategy using 
unbroken chains of CAD data and CNC 
programs. The cross section of a laser/plasma 
generated part demonstrates the flawless 
structure, especially the faultless transition 
between the laser and the plasma zones.  
An example of industrial application of the 
laser plasma combination is the mold insert 
shown in Figure 3. The dimensions of the 
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generated part are circa 200x200x50 mm3, the material is the Co base alloy Stellite 21. 
By using only laser build-up welding with 1 
kW YAG laser power, the manufacturing time 
is about 70 hours. The low laser power was 
necessary because of the required tolerances 
of the raw tool in the range of +0.3 to 
+0.6 mm. Through the combination of 1 kW 
laser cladding and PTA cladding with a 6 kW 
plasma welding torch, the manufacturing time 
could be reduced to 7 hours. The precision 
was the same as in the variant of laser 
generating alone. 
 
 
 
 
 

3. Laser/induction hybrid cladding  
 
 Laser cladding is the build-up welding 
technology with the highest precision in 
material deposition in the whole field of 
thermal coating. However, the running costs 
are high, and crack-free coatings with more 
than 50 HRC hardness are only achievable 
with a preheating process. On the other hand, 
induction technology is an established, well-
controllable, and very efficient method of 
surface heating. So two energy sources are 
available, which have completely different 

power characteristics and power densities. 
The coupling of both sources offers the 
opportunity to overlap two independently tun-
able temperature-time-cycles. The cladding 
operation remains a one-step process, in which the inductor delivers a part of the 
process energy.  
The technological set-up for the laser/induction cladding of valve rings for chemical 
armatures are shown in Figure 4. The induction heating is carried out by a pyrometer-
controlled, portable high-frequency induction generator with a power of 15 kW. For the 
laser process, a 2 kW CO2 laser and a coaxial powder nozzle were used. The powder 
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was STELLITE 6. With a simultaneous heating temperature of the valve rings of 620 °C 
the deposition rate could be increased from 8.5 g/min (2 kW laser) to 38 g/min, and the 
manufacturing time decreased from 118 s to 24 s.  
For other applications, crack-free coatings of NiCrBSi with 63 HRC hardness and of 
WC/NiBSi with a volume content of 65 % WC particles could be deposited with a 
welding speed of up to 10 m/min. In all cases, the favorable characteristics of laser 
cladding as low substrate material fusing, metallurgical bonding between substrate and 
coating, as well as the high precision of the clad tracks remain completely preserved.   
 

4. Laser assisted plasma spraying  
 

 For the realization of the 
laser/plasma spraying techni-
que, a new spray gun has 
been developed, Figure 5. 
Here, the focusing optic of a 
Nd:YAG laser was integrated 
into a  20 kW plasma gun. Via 
hollow cathode, the laser 
beam is positioned coaxially 
to the spray jet. So the laser 
radiation interacts directly 
with the spray particles and 
the workpiece surface. Thus, 
the hybrid technique is a one-
step process, in which the 
plasma gun very efficiently 

delivers about 90 % of the 
energy. The expensive laser 
energy is used for fusing the 
spray particles and the 
precise melting of the 
substrate material. Currently, 
several metal alloys on the 
base of Cobalt and Nickel as 
well as Al2O3 ceramic are 
available for the hybrid 
spraying technique. The 
coatings are entirely dense 
and have a high adhesion 
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strength to the substrate. As Figure 6 shows, the expensive surface roughening by grit 
blasting, otherwise necessary, can be left out. Compared to pure laser cladding, the 
welding speed increases to 12 m/min, and the deposition rates are up to 4 kg/h. 
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