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Abstract
resistance welding has long been successfully used in the automotive industry, but nowadays, there are even 
more advanced technologies, such as laser beam welding, which is a much faster, more economical and flex-
ible technology. During our work, we have mapped the possibility of replacing resistance welding with laser 
beam welding. Furthermore, we have found a solution to the problems occurring during laser beam welding. 
The biggest challenge in laser beam technology is that the zinc coating on the steel plates (required to pre-
vent corrosion) evaporates during welding, resulting in pores, and leading to a significant reduction in weld 
strength. We have solved that by using spacer sheets, which allow the zinc vapour to escape from the keyhole.
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1. Introduction
laser beam welding is gaining ground in a wide 

range of industries [1, 2]. The reason for its spre-
ad is in its favourable technological parameters:
- precision, accurate control of the technological 

parameters;
- high machining speed;
- excellent machining quality (post-processing ne-

eds are reduced or cancelled)
- no force affects the work piece;
- wide range of selectable, and precisely con-trol-

lable energy densities in machining;
- small specific thermal stress on the work piece;
- the machining tool is abrasion-free and unaffec-

ted by the direction of machining (light);
- excellent automation;
- economical production;
- great manufacturing flexibility;
- good compatibility with other technologies [3]. 

However, there are a number of challenges in 
laser beam welding:

Steel sheets are usually coated with a zinc layer 
for corrosion resistance. Due to the low boiling 
point of zinc, it vaporizes intensively during wel-
ding. Thus, it makes the keyhole unstable and it 
is able to create such vapour pressure over the 

weld seam that the molten metal splashes out of 
the plasma channel (sputtering weld). in additi-
on, zinc vapour bubbles can also be incorporated 
into the weld. As a result, the weld strength sig-
nificantly decreases.

During the research, several methods have 
been tried in order to eliminate the zinc vapour 
problem [4–23]. However, they have been eit-
her ineffective or have made the production too 
cumbersome. According to our idea, with a plas-
tic forming, small bumps can be created on the 
surface of the plate, which serves as spacers du-
ring the welding process. The experiments were 
carried out with a spacer sheet solution since the 
two solutions are the same, but the bumpy vers-
ion is also in place during manufacturing and in-
dustrial applications.

2. Materials and methods
The welding experiments were performed using 

a Trumpf Trulaser cell 7020 5D laser Machining 
centre with Trumpf TruDisk 4001 laser radiation 
source. First, blind welds were made and then 
steel sheet pairs were welded. Sheet pairs were 
made using spacer sheets, and also sheet pairs 
with no gap in between them. The most important 
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welding parameters were the following; laser po-
wer 1,000 W, welding speed 3 m / min [24]. The 
focal point of the laser beam was set to 1 and 4 
mm (defocus) relative to the surface of the upper 
sheet. The plates to be welded were cold rolled, 
with a thickness of 0.6 mm and with galvanized 
zinc coating. The thickness of the spacer sheets 
was 0.1 mm. During welding, the plates were 
clamped together with the spacer sheets placed 
between them. For the metallographic examina-
tion, the plates were cut with a water-cooled disc 
cutter, then ground polished and finally etched 
with 3% nital solution.

A vHX J20 keyence digital light microscope was 
used to examine the welds and to take im-ages.

3. Results and discussion

Figures 1-3., show light microscopic images of 
the welds produced with a 4 mm defocus, and 
Figures 4-6. show images with 1 mm defocus. 
The most important dimensions of the seams are 
shown in Table 1.

Figure 1. Picture of blind weld with 4 mm defocus

Figure 2. Picture of weld without gap, with 4 mm de-
focus

Figure 3. Picture of weld with spacer sheets, with 4 
mm defocus

Figure 4. Picture of blind weld with 1 mm defocus

Figure 5. Picture of weld without gap, with 1 mm de-
focus

Figure 6. Picture of weld with spacer sheets, with 
1 mm defocus
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Table 1. Dimensions of the welds

Defo-
cus

(mm)
Type Weld depth

(µm)

Face 
width
(µm)

4 blind weld 986 941

4 without gap -(melted through) 1090

4 with spacer sheets -(melted through) 1185

1 blind weld 1044 958

1 without gap 732 851

1 with spacer sheets 751 946

on metallographic images, it is apparent that 
the 1 mm defocus value yields better results for 
this type of steel. indeed, in the other cases (the 
non-gapped and gapped samples) the bottom pla-
te was melted through because the laser power 
was too high. 

Furthermore, 0.1 mm gaps can be observed in 
the spacer sheet solution. Splashes and pores are 
not visible even when the gap is not set because 
the plates are very thin.

4. Conclusions

The biggest disadvantage of resistance spot 
welding is that it is not able to adapt quickly to 
inflexible technology, i.e. fast changes in the au-
tomotive industry. resistance welding is a slow 
process, and it is costly because heating up the 
work piece by electrodes requires a large amount 
of energy input.

laser welding (especially in the case of re-mo-
te welding) has a high machining speed, is highly 
automated, combines well with other technologi-
es, and has high manufacturing flexibility. Furt-
hermore, it is very precise, and there is no need 
for rework. The cost of in-vestment in laser re-
mote welding is higher, but production is much 
more economical as well as welding parameters 
can be kept precisely in hand so good weld qua-
lity is guaranteed.

Steels are usually coated with a zinc coating for 
corrosion resistance, but this zinc coating causes 
serious problems during welding.

During welding, zinc vapour is formed, which 
incorporates into the weld and makes it porous.

in any case, the high vapour pressure makes the 
keyhole unstable and it is able to create such va-
pour pressure over the weld that the molten me-
tal splashes out of the keyhole (sputtering weld). 
As a result, the weld strength is greatly reduced.

This problem has been solved by installing spa-
cer sheets between the plates so that the zinc va-
pour could escape. During these test weldings, no 
splashes or pores were found.

in addition, the appropriate laser parameters 
have been experimented with for the plate thick-
ness and type of material to be used
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