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Abstract 

In the past decade laser manufacturing has become the key process manufacturing complex 3D shaped parts especially 
regarding lightweight components in the automotive or aerospace industry. The most established systems for 3D-cutting 
applications are based on gantry systems but their footprint is a limiting factor in flexibility e.g. for line integration. 
JENOPTIK Automatisierungstechnik GmbH has developed a modular robot based laser processing machine, called BIM 
“beam in motion”, which meets all OEM specs in processing press hardened steel parts. An extensive benchmark test of the 
BIM vs. a gantry system was done regarding all required parameters of these specifications.  
The paper presents the robot machine concept BIM as an industrial proven system for the automotive industry. It compares 
the performance and the parameters for 3D cutting applications of the BIM system vs. a gantry system by samples of 
production parts and shows the flexibility in integrating such a system in production environments by generating an 
outstanding small footprint. 
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1. Introduction 

Looking back to the economical crisis in 2010 the processing machine business totally recovered until now 
and is further growing. The main market for high power laser applications by now is laser cutting and here 
especially cutting 2D sheet metal parts for automotive or electronics applications. Besides the 2D applications 
there is as well a rising need in processing 3D parts of several hundred Mio. Euro in annual sales volume of 
equipment [1]. One of the main trends seen are new materials for lightweight designs supporting CO2 reduction 
like ultra high strength steels (UHSS) or carbon fibre reinforced materials [2]. These parts and their more 
complex design probabilities require further improvements in processing with respect to accessibility and overall 
performance. This leads e.g. to new concepts of machinery getting the same productivity and performance of a 
gantry system with a smaller footprint. 

2. Requirements for Cutting Metal Parts in Automotive Industry  

The main material to generate light weight construction in automotive besides aluminium is the integration of 
press hardened steel. By using this kind of material the strength of the parts can be maintained reducing the 
thickness of the parts by a factor of >2. There are different criteria generating a high quality cut for press 
hardened steel parts. Number one is the burr free edge of the cut, which mainly depends on the laser power, the 
focus length and the beam being perpendicular to the work piece. Number two is the circularity of the holes and 
the waviness of straight cuts. But in general the main criteria is the tolerance for the trim and the holes 
respectively the contour cuts in relation to a given reference. Figure 1 shows an exemplary tolerance range for an 
A-pillar which has to be fulfilled to guarantee the quality of the process. These numbers had been collected 
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together with a development partner out of specifications from different OEMs and summarized in a figure to get 
a better overall understanding but with no claim of being complete. 
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Fig. 1. Internal summary of OEM specifications for press hardened steel A-pillars . 

3. Improvements of BIM Technology towards Laser Cutting Standard Specifications  

To close the gap in performance between robot systems and gantry systems improvements with regard to path 
accuracies and cutting speeds had to be realised. Jenoptik Automatisierungstechnik GmbH took this challenge 
and developed together with partners a system approach based on robots to meet cutting standards in the 
automotive industry. 

Core component of this system is a robot module named BIM (Beam in Motion) based on a customized 
Stäubli robot TX90 Jen with an integrated beam path (Figure 2). To reach accuracies and speeds comparable to a 
gantry system it is necessary that the robot can maintain its basic accuracy. Therefore the mass which has to be 
moved by the robot needs to be minimized. During the development of the BIM system this has been reached by 
reducing the weight of the robot by light weight structures as well as by reducing the load of the robot e.g. the 
cutting head. These actions did maintain the dynamics of the robot and as a consequence the best positioning and 
path accuracy for this kind of robot system. Parameters reached with this kind of system for cutting press 
hardened steel parts of about 2 mm thickness are up to 300mm/s in speed with a repeatability in positioning 
accuracy down to +-50µm. 

 

  

 
Fig. 2. Schematic design of the sealed beam path inside of the BIM cutting robot and comparison of the slim BIM design. 

 
To further reduce the load of the robot system a fibre coupling of the laser source into the cutting head was 

avoided. Alternatively the robot was modified in a way that the laser beam is coupled into the base of the robot 
and is guided inside of the robot by a sealed mirror system which is purged by air to avoid contamination. This 
approach supports an almost maintenance free system as well as highest accessibility to the work piece. Another 
advantage using this equidistant beam guidance system is the independence of the laser wavelength from 500nm 
to 10µm. Therefore this system is an enabling approach to process 3D components of different materials using 
the most suitable laser source. 

4. Comparison of BIM Technology versus Gantry Performance  

The performance of a cutting system is mainly defined by the parameters accuracy, cutting speed as well as 
reproducibility of contours and geometrical shapes. To verify the quality of these parameters for the improved 
BIM cutting system basic investigations on a test plate with defined geometrical shapes and contours have been 
exercised at 100 samples. All samples have been analysed regarding the position accuracy on a coordinate 
measuring machine (CMM) and the results have been compared to specifications required in the automotive 
industry. The position tolerance for all features in these trials had been in the range of the tightest tolerances 
known from the OEM specifications and far below the average tolerance known. 
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 This has been shown for all speed levels. After having proven the general performance of the newly 
developed cutting system in a following step investigations on  press hardened steel parts based on the A-pillar 
shown in figure 3 had been done. This is a standard part out of production and has a typical distribution between 
straight cuts and inner contours like holes or slots. The A-pillars have been processed in a production like test run 
of about 1800 pieces on a standard machine using the BIM technology. Out of the test run 26 parts have been 
extracted and compared to 26 parts being processed in parallel on a gantry system using different fixtures. All 
parts have been analysed after the processing on a CMM and the results compared to each other regarding the 
variation on hole location, hole diameter, hole circularity and edge location. The results are shown in the four 
graphs in figure 4. 

 

 

Fig. 3. A-pillar used for investigations of gantry and robot cutting performance. 

 
Comparing these results it can be shown that the performance of the processing systems is on a similar level. 

Regarding cycle time the gantry system had a slightly better performance at that time of about 5%. This 
difference in performance did result out of some quality issues on the 2D contours at maximum speed which only 
could have been improved by slowing down the movements of the robot. By doing this adaptation the quality of 
the features have been in spec and confirmed the results of the processed test structures. 

 

 

 

 
Fig. 4. Results of CMM analysis of an A-pillar processed by a gantry and a robot cutting system. 
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After this benchmark the system has been further improved. The main improvements are a new strategy to 
process 2D contours like holes and slots. By using less joints of the robot moving simultaneously we achieved a 
decrease in cycle time of down to 50% depending on the contour and additionally an improvement in the quality 
of the geometrical variation of the contours. Taking into account all these improvements the BIM processing 
system is capable to cut parts like press hardened steel parts by up to 300mm/s and with accuracies of the contour 
down to 50µm as well as path contours down to 200µm. In the meantime these improvements have been 
transferred into production trials of more than 40000 pieces of a different car body part and it was shown that this 
system approach steps ahead of a gantry system in cycle time at comparable cutting quality. 

5. Increasing Flexibility by a multi Robot Approach  

Based on the result that the BIM processing concept is capable to compete in performance and speed with a 
gantry system this concept can be further developed to increase flexibility in processing press hardened steel 
parts. With this approach facility concepts like line integration of cutting processes or multi robot systems cutting 
simultaneously on one part can be realized (figure 5). With this kind of solution laser on time can be optimized, 
cycle times can be reduced and the floor space needed to reach the same productivity as four gantry systems can 
be cut by 65% . 

 

 

 
Fig. 5. Cutting of press hardened steel parts by multiple simultaneously working robots with highest flexibility. 

6. Conclusion 

In this paper we presented new possibilities in cutting press hardened steel parts by a robot based system. 
Having improved the robot system with respect to light weight construction, special contour routines and adapted 
offline programming a comparison of the BIM robot technology and a standard gantry system was done. Though 
gantry systems due to its Cartesian setup should have advantages in speed and contour quality it was proven that 
performance and cutting quality realized by the BIM system is in the same range and according to OEM 
specifications. Taking into account the small footprint of the system and the flexibility in combining multiple 
robot systems for simultaneous processing of parts machine concepts can be arranged to increase the throughput 
in production. Furthermore the system is independent regarding the laser and wavelength being used which offers 
a wide variety of applications in 3D processing besides the processing of press hardened steel parts shown here. 
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