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Abstract 

For Body-in-White production (BIW), an increasing interest of enlarged windows or door entries can be observed. Due to 
shorter flanges, there would be the opportunity for larger fields of view and more space for passengers to get in and out of a 
car. At these flanges typically two or three zinc-coated steel sheets have to be joined together. Today resistance spot welded 
spots or laser welded I-seams at overlap configurations can be seen at flange heights of rd. 12 mm. These limitations are due 
to the welding and clamping from the same direction. These methods are not suitable for flanges with reduced height. 
One approach to decrease the flange height is “laser flange welding”. The laser beam will hit in direction of the flange with a 
perpendicular clamping, where welded I-seams at the ridge of two sheets are resulting. In the paper this technology will be 
described. Results of the process investigation will show their potential for welding of zinc-coated steel sheets with reduced 
spatters and weld defects. Furthermore, the influence of the oscillation amplitude and the frequency will be explained. 
 
© 2014 The Authors. Published by Bayerisches Laserzentrum GmbH 

Keywords: laser beam welding; laser flange welding; laser beam oscillation; automotive application 

1. Introduction 

A big trend in BIW production is to reduce flange heights at door entries, window frames, beams and a lot of 
other parts. This leads to weight savings and the reduction of the carbon footprint as well as an enhancement of 
design opportunities and an improvement of the comfort and the car design. 

At these flanges typically two or more sheets have to be joined together by welding. By the use of standard 
welding methods, a flange height reduction is limited to rd. 12 mm. The clamping and welding takes place from 
the same direction; see figure 1 a). Without gap between the sheets weld defects will be seen. One idea to realize 
the welding of much shorter flanges is to use the “laser flange welding” process, developed by Scansonic. In this 
case the clamping and the welding will be perpendicular to each other; see figure 1 b). Flanges can be reduced to 
rd. 5 mm. Because of more potential for zinc degassing weld defects should be reducible. 

 

 

Fig.1. (a) classic laser welding at large flange heights; (b) laser flange welding at short flange heights [1]. 
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2. System technology for laser flange welding 

2.1. Seam tracking 

A welding process – which has to realize edge-welded I-seams at flanges – allows only small tolerances 
between the laser beam axis and the ideal welding position. The sheet thickness and the spot diameter limit the 
possible lateral deviation. At body in white production the typical sheet thickness t is t = 0.6…1.5 mm. 
Characteristic laser spots dSpot are rd. dSpot = 0.4…0.8 mm. Nearly no beam misalignment can be tolerated, thus 
the process head to be used must be equipped with a seam tracking solution. The laser beam has to follow the 
gap G between the sheets; see figure 2. 

 

 

Fig. 2. Optical seam tracking for an accurate positioning of the laser beam [1]. 

Thanks to laser triangulation with three laser lines the lateral position of the sheet package can be detected 
online. Afterwards, the information of the ideal weld seam position is transferred to a movable mirror of a 
galvanometer scanner. Thus, the laser beam will hit always the correct position.  

Besides the alignment of the spot depending on the Y-position of the sheets relative to the processing head 
also the stand-off of both sheets to each other in z-direction has to be taken into account. As a consequence of 
varying stand-offs, the inclination angle of the laser beam has to be varied to suppress the shadowing of the laser 
beam by the higher standing sheet. Figure 1 b) shows one option on the right picture. At the first prototype 
solution of the Scansonic flange welding head the same galvanometer scanner for seam tracking is used to shift 
the laser beam angle + / - 4° to the left or to the right relatively the beam center whilst retaining the Y-position 
on the sheet; see figure 2. 

2.2. Optical setup with beam oscillation 

To realize a sufficient working distance between the protective glass and the work pieces the optical 
magnification M should be as large as possible. At the construction of the prototypic optic M = 2.8 was chosen. 
That allows the use of solid state laser sources with light cable diameters of dLLK ≤ 0.2 mm @ beam parameter 
products BPP ≤ 8 mm·mrad to reach spot diameter of dSpot = 0.56 mm or smaller. Furthermore, two additional 
galvanometer scanners enable a beam oscillation in x- and y-direction. The amplitudes are some 1/10 to some 
mm @ frequencies of max. f ≤ 1 kHz. By the beam oscillation the dynamic of the weld pool can be influenced 
and occurring gaps between the sheets can be bridged if necessary. 

2.3.  Prototypic laser flange welding head 

The first realized prototype of a Scansonic flange welding head has the following technical key data; table 1. 

Table 1. Key data of Scansonic flange welding head (prototype 1; yr. 2014). 

Data  

Magnification M 2.8 

Seam Tracking  optical 

Adjustment of beam angle +4° / -4° 

Beam Oscillation Frequency f  max. 1 kHz 

galvanometer scanner  mirrors for adjustment of 
beam inclination angle  
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3. Process technology for laser flange welding of zinc-coated steel sheets 

3.1. Experimental Setup 

At the flange welding experiments electro-galvanized steel sheets with a thickness of t = 1.2 mm are used. 
The gap G between the sheets is G = 0…20 µm. The used laser source is a Trumpf TruDisk 5001 with a 200 µm 
light cable LLK02 @ BPP = 8 mm·mrad. During the welding process the beam oscillates with amplitudes from 
A = 0…3 mm @ f = 0…1000 Hz in welding direction. In figure 3 the main parameter of the experimental setup 
is shown. The weld seams are characterized in top views and micro sections. 

 

 

Fig. 3. Parameters of the experimental setup. 

3.2. Results and Discussion 

In figure 4 a typical flange welded seam between two zinc-coated steel sheets can be seen. The welding 
parameters are laser power PL = 4.0 kW; welding speed vR = 5 m/min; spot diameter dSpot = 0.56 mm. The 
sample in fig. 4 is welded without beam oscillation as a comparative set of parameters. It can be observed, that 
the weld seam is on the desired position. Because of the seam tracking function, tolerances do not seem to 
influence the weld seam quality. The laser spot is always at the correct position between the two sheets.  

The flange height can be reduced from rd. 12 mm to rd. 5 mm. Typical are the pores on the weld seam surface 
and pores inside of the weld seam because of the expulsion of vaporized zinc during the welding process. The 
effect of zinc expulsions seen in this setup is comparative to those of state of the art overlap welds in zinc coated 
steels with too small gaps. 
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Step length Laser Power PL Waveform  Amplitude A Frequency f Welding Speed vR 

[mm]  [kW]    [mm]  [Hz]  [m/min] 
--------------------------------------------------------------------------------------------------------------------------------- 
continuous 4  without  0  0  2.0 ... 5.0 (steps 1.0) 

 

Fig. 4. Top view / side view / cross section of flange welded zinc-coated steel sheets without beam oscillation. 

Results – welded with beam oscillation – show the same potential of seam tracking. The complete weld seam 
is at the desired position between the two sheets. In figure 5 an example of the welded test sheets is shown. 
Again the laser power is PL = 4 kW, the welding speed is vR = 4 m/min and the spot has a diameter of 
dSpot = 0.56 mm. 

The occurrence of pores and spatters is significantly reduced by beam oscillation with amplitudes of 
A = 1.4…2.8 mm and oscillation frequencies of f = 600…1000 Hz. The seam surface is nearly completely 
closed and the maximum possible welding depth has been reached.   
It is assumed, that the beam oscillation leads to more zinc degassing in front of the weld pool. A possible 
explanation is: Shortly before the weld pool will be formed, the laser beam is heating up both sheets to a 
temperature near T = 900°C. First contents of the zinc coating between the sheets will be vaporized. Furthermore 
the oscillation will take a positive influence to the weld pool dynamic. At last, one possible explanation can be 
drawn by occurring closing effects at the seam surface because of the “multiple welding” by beam oscillation. 

 
Step length Laser Power PL Waveform  Amplitude A Frequency f Welding Speed vR 

[mm]  [kW]    [mm]  [Hz]  [m/min] 
--------------------------------------------------------------------------------------------------------------------------------- 
continuous 4  Sinus  1.0 ... 1.4 ... 2.8 200 ... 600... 1000 2.0 ... 5.0 (steps 1.0) 
      -- -- ----- --- -- ------ 

 

 Fig. 5. Top view / side view / cross section of flange welded zinc-coated steel sheets with beam oscillation. 
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4. Summary 

Laser flange welding allows a significant reduction of flange heights from rd. 12 mm to rd. 5 mm. That leads 
to weight savings and an enhancement of design opportunities at BIW production. This joining situation requires 
seam tracking to realize weld seams at the correct position. Just small misalignments resulting from part 
tolerances would lead to weld failures.  

Results of the experimental work show a significant influence of beam oscillation parameters in welding 
direction on the weld seam quality. Amplitudes between A = 1.4…2.8 mm @ oscillation frequencies between 
f = 600…1000 Hz lead to closed seam surfaces and reduce the occurrence of spatter at welding parameters of 
PL = 4.0 kW, v = 5 m/min and dSpot = 0.56 mm. Zinc coated steel sheets without gap are expected to be welded 
defect-free with this innovation. 

Acknowledgements 

The authors thank the Volkswagen AG and the employees of Scansonic Application Center for the common 
work and discussions on this topic. Without their work the system technology as well as the process technology 
wouldn’t have the current status. 

References 

[1] Franz, C.; Hammer, T.: Innovative Welding System and Process with Potential for Weight Reduction in 
Vehicle Construction. In: Proceedings of EALA 2014, Bad Nauheim, 2014 


