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Abstract 

Hardening was one of the first applications of high power lasers and allows selectively treating surface regions of a work 
piece where it is subject to wear. On the first glance this process looks quite simple since a laser beam scans over the surface 
of the work piece and heats it up to a temperature in the order of magnitude of 1000C° and thus the transformation from the 
ferritic microstructure to austenite takes place. After the laser beam has moved on, fast cooling by heat conduction into the 
bulk of the work piece takes place and very hard martensite forms. Nevertheless a more detailed look shows that severe 
problems are associated with this process since in the case that the laser beam reaches for instance the edge of a hole or a 
protrusion overheating takes place due to reduced heat conduction and the work piece is molten thus leading to a severe 
disturbance of the work piece surface. In order to avoid this problem the temperature of the focal point is measured with the 
help of a pyrometer where the output signal of the latter is used to control the beam power. Such a system has been developed 
at the Oberösterreichisches Laserzentrum e.V. in Gmunden, where a 6kW disc laser coupled to a two-dimensional scanner is 
used for hardening. Fig. 5b illustrates the quality of the processed work piece surface.  
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1. Introduction 

Besides the classical high power laser processes as cutting and melting, hardening is one of the most 
important applications of lasers and is used to a large extent by the industry. For instance TRUMPF Machines 
Austria hardens bending tools with an overall length of more than 25km per year with the so called LASERDUR® 
process. The mechanism of this process is relatively simple: A laser beam scans over the surface of a work piece 
and heats it up to a temperature above the transformation point and thus the ferritic microstructure changes to an 
austenite. If the laser beam moves on, quick cooling takes place due to heat conduction into the bulk of the work 
piece, thus leaving very hard martensite on the surface and in its vicinity. If the laser beam scans the work piece 
line by line a certain area can be hardened where only those regions of the work piece where hardening is 
necessary can be selectively treated. In order to increase the processing speed a line focus is used that allows 
generating along one line a hardened zone with a width of some millimeters. Unfortunately overheating and 
subsequently melting takes place if the laser beam reaches the edge of holes or protrusions of the work piece 
surface thus making post processing necessary. Usually common dioxide lasers are used for the above process 
with the disadvantage that in the case of steel very low absorption is obtained. Thus covering with Titanium 
dioxide that enhances absorption is necessary. This makes also a certain post processing for the cleaning of the 
work pieces necessary. Due to these shortcomings there is much potential for an improvement of the hardening 
process where new diode pumped YAG Lasers as disc lasers or fiber lasers can be used that yield much better 
absorption thus abandoning cladding of the work piece with an absorbent and also reducing the operational costs 
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considerably due to the much higher efficiency of diode pumped lasers. Moreover, due to recent advances, line 
optics can be replaced by modern scanner optics which further improve processing speed and width of the 
hardened zone. Due to these considerations the Upper Austrian Laser Center and TRUMPF Maschinen Austria 
Gmbh & Co. KG developed and investigated an improved hardening process with disc laser, scanner optics and 
precise temperature control. The latter setup is described in the next part of this paper and the results are given in 
a third part. It should be mentioned that the development was successful insofar as the shortcomings mentioned 
above could be totally avoided that resulted in a first industrial installation at an Austrian company specialized in 
hardening with various processes. 

2. New hardening system 

The laser hardening setup consists of a disc laser with a beam power of 6kW. The radiation of the latter is fed 
into the processing station via a 200µm fiber. This station contains a triaxial gantry robot that carries a 2D 
scanner and a focusing lens that concentrates the beam on the surface of the work piece in a distance of roughly 
500mm and is able to move the focus in a rectangular range with dimensions of several 10mm. Two pyrometers, 
one for a low temperature range between 100 and 600C° and the other for a high temperature range between 600 
and 1600C°, are connected to the scanner optics via a second fiber. An exhaustion unit completes the system. 
The whole setup is enclosed in a safety cabinet without any windows thus making the installation of several 
video cameras for observation of the process performed inside the cabinet necessary. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The scanner head mainly contains two rotatable mirrors that allow moving the laser beam across a rectangular 
area on the work piece. An additional beam splitter separates the laser radiation from the thermal radiation of the 
processed work piece.. The latter radiation is guided by another fiber to a pyrometer that contains a control 
circuit that controls the laser power in order to achieve a given constant temperature in the focus of the laser 
beam.  

The 2D scanner comprises various optical elements as mirrors, focusing lens and beam splitters that are all 
designed for the radiation of the Ytterbium YAG Laser used here. Nevertheless these optical elements must also 
be able to be used for the wavelengths of the thermal radiation generated by the work piece due to laser 
irradiation and therefore a very specific cladding of the optical elements was necessary. This cladding allows 
processing a wide range of wavelengths between 400 nm and 2000 nm. 

All functions of the scanner head are controlled by the laser where only simple movements of the beam 
together with control of the work piece temperature can be performed (as a linear movement). In order to obtain 
relatively wide hardened tracks the laser beam must be moved forth and back in a direction perpendicular to the 
work piece movement in a process called “wobbling”. This function is not contained in the standard control 
software of the scanner and can only be realized if one of the scanning mirrors is directly controlled by a 
triangular voltage signal. So for the control of the scanner mirrors a new auxiliary control system called “Remote 
Hardening Control Unit (RHCU)” had to be developed. During the “wobbling” process, the control module also 
has to reduce the laser power near the edgesof the hardened track in order to avoid overheating of the work piece 
(Fig.2). 

Fig. 1. Gantry robot and scanner head.
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Some other functions of the RHCU allow connecting the disc laser and the pyrometer and all other elements 
of the hardening system as shown in Fig. 3. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
The RHCU integrated in the laser processing system with its disc laser and the scanner head has a 

performance that can be characterized by a temperature range between 600 and 1600C°. It allows scanning of 
circles with a diameter down to 1mm, a unique feature that is not only important for laser hardening but also for 
other processes, e.g. heating of ceramics. The integration of a second pyrometer with a temperature range 
between 200 and 600C° now also allows covering a full temperature range up to the melting point of steel. The 
performance is demonstrated by two images taken with a thermal camera that show circles with different 
diameters scanned with constant temperature. 

 

Fig. 3. Control of the hardening system by the RHCU.

Fig. 2. Hardened track, 20mm wide without melting at the edges. 
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3. Hardening experiments 

First experiments with the new hardening system have been carried out with construction steel with a 
thickness of 10 mm. The hardening track and its cross section are shown by Fig. 5a. It can be seen that a 
maximum penetration depth of 3mm has been obtained where the initial hardness was nearly doubled by the 
process and the width of the hardened track was 20 mm. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Later on to demonstrate the effect of the temperature control a similar piece of sheet metal again of 

construction steel that containing various types of holes has been used. During hardening no overheating or 
melting took place and the surface quality was not reduced. Moreover due to the large focus length hardening 
was not only obtained at the surface of the work piece but also in the depth of the holes. Finally bending tools 
from TRUMPF Maschinen Austria have been hardened as shown in Fig.6. These experiments resulted in a 
hardness similar to the obtained with the LASERDUR® process mentioned above carried out with a carbon 
dioxide laser where no covering with Titanium oxide was necessary and the whole V-shaped cavity could be 
hardened in one run.  

 
 

Fig. 5. (a) Surface and cross section of hardened zone on construction steel; (b) Hardened work piece with holes.

Fig. 4. (a) and (b) Circles with constant temperature and different radii recorded with a thermal camera. 
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4. Conclusions and outlook 

The remote hardening process described here allows generating hardened tracks with a width of several ten 
millimeters and penetration depth in the order of magnitude of 3mm and hardness as with usual laser hardening 
processes without any distortion of the surface of the work piece. It allows also hardening not only at the surface 
but also inside of cavities due to the long focal length of the disc laser combined with a scanner optics. The 
process has proofed its reliability and industrial maturity whereas a first installation has been carried out a 
hardening work shop in eastern Austria. A second order is on the way and so it can be expected that the new 
process will be used by the industry in the new future to a large amount. 
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Fig. 6. bottom tool for bending applications made of  42CrMo4 hardened with RHCU, starting from initial hardness 35,5 HRC. 


