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1.  Introduction 
Laser beam welding is gaining ground in a wide range 

of industries. The reason for its spread is in its favourable 
technological parameters:

•	 precision, accurate control of the technological parameters;
•	 high machining speed;
•	 excellent machining quality (after-processing needs are 

reduced or fallen below);
•	 no force affects the workpiece;
•	 wide range of selectable, and precisely controllable energy 

density in machining;
•	 small specific thermal stress on the workpiece;
•	 the machining tool is abrasion-free and irrespective of the 

direction of machining (light);
•	 excellent automation;
•	 economical production;
•	 great manufacturing flexibility;
•	 good combination with other technologies [1].
However, there are a number of challenges in laser beam 

welding:
1)  Steel sheets are usually coated with zinc layer (especially 

for car body plates) to increase corrosion resistance. Due to 
the low boiling point of zinc, the steel vaporizes intensively 
because it has a high vapour pressure. Thus, it makes the 
keyhole unstable and it is able to create such vapour pressure 
over the weld seam so that the molten metal splashes out of the 
plasma channel (sputtering weld). Zinc bubbles may also be 
incorporated into the seam, causing a continuity shortage. As a 
result, the seam strength significantly decreases.

2)  According to the literature, several methods have been 
tried in the research to eliminate the zinc vapour problem [2-
24]. However, they were either ineffective or would increase 
the cost of production above marketable levels. According to 
our idea, with a plastic forming, small bumps can be created 
on the surface of the plate, which serve as spacers between the 
two disks during the welding process. The experiments were 
carried out with spacer sheet solution, since the two solutions 
are the same, but the bumpy version is also in place during 
manufacturing and industrial 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, then steel sheet pairs were welded. Sheet pairs have been 
made using spacer sheets, and also made sheet pairs with no 
gap in between them. The most important welding parameters 
were the following; laser power 1,000 W, welding speed 3 m / 
min. The focal point of the laser beam was set to 3 and 4 mm 
(defocus) relative to the surface of the upper sheet.

The plates to be welded are cold rolled, with a thickness 
of 0.6 mm (defined by the norm EN 10346: 2015), and have 
galvanized zinc coating. The zinc coating of the sheets was 
made with the so-called “galvannealed” technology, resulting 
in 45 grams per square meter of Zn layer on both sides and 
diffused 7-11% Fe. Its European equivalent is the DX54D + ZF 
plate. The thickness of the spacer sheets was 0.1 mm. During 
the welding, the plates were clamped together with the spacer 
sheets placed between them.

For the metallographic examination, the plates were cut with 
a water-cooled disc cutter, then grinded, polished and finally 
etched with 3% nital solution. VHX J20 Keyence digital light 
microscope was used to examine the welds and to take images. 

The tensile strength of the sheets is between 260-350 MPa.
The chemical composition of the steel sheets is shown in 

Table 1. 

Table 1. The chemical composition of the steel sheets.

Chemical compounds [%]

Cmax Simax Mnmax Pmax Smax Timax

0.12 0.5 0.6 0.1 0.045 0.3

3.  Results and Discussion 
Figures 1 to 3 show light microscopic images of the welds 

welded with a 4 mm defocus, and figures 4 to 6 show images 
with 3 mm defocus. The most important dimensions of the seams 
are shown in Table 2.

Table 2. Dimensions of the welds.

Introduce 
number

Defocus 
[mm]

Type Weld depth 
[mm]

Face width 
[mm]

1. 4 blind weld 2.56 0.21

2. 4 without gap 1.52 3.51

3. 4 with spacer 
sheets

1.57 0.69

4. 3 blind weld 2.67 1.38

5. 3 without gap 1.29 0.90

6. 3 with spacer 
sheets

1.91 0.85
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On metallographic images, it is apparent that the 3 mm 
defocus value gives better results for this type of steel because 
in this case the weld penetrates deeper. 

The gap between the plates is generally slightly smaller than 
the thickness of the gap plate, i.e. 0.1 mm. There are a number of 

reasons for this: the clamping force, the distance of the welding 
apparatus used (the plate clamping device), the spacing of the 
spacer sheets from the weld, etc. However, such a small decrease 
in plate spacing or possibly increase does not reduce the efficiency 
of the method, this has also been revealed in literature research.

Figure 1. Picture of blind weld (bead on the plate),  
with 4 mm defocus.

Figure 2. Picture of weld without gap, with 4  mm defocus.

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

Figure 4. Picture of blind weld,  
with 3  mm defocus.

Figure 5. Picture of weld without gap, with 3  mm defocus.

Figure 6. Picture of weld with spacer sheets, with 3  mm defocus.
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It is well-observed that the plates without gape solution have 
led to splashes and pores, while the spacer sheet solution has a 
solid weld.

Conclusion
Laser welding (especially in the case of remote welding) has 

a high machining speed, is highly automated, combines well 
with other technologies, and has high manufacturing flexibility. 

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 vapour pressure over the weld 
so that the molten metal splashes out of the keyhole (sputtering 
weld). As a result, the weld strength is greatly reduced.

This problem has been solved by installing 0.1 mm thick 
spacer sheets between the plates so that the zinc vapour could 
escape. During the conventional “without gap” solution test 
weldings splashes and pores were found, while using spacer 
sheets the welds were solid. 

In addition, the appropriate laser parameters have been 
experimented with for the plate thickness and type of material 
to be used.

References
[1].	 Buza Gábor: Lézersugaras technológiák I. Edutus 
Főiskola, Budapest, (2012), 10.
[2].	 Kyung-Min Hong, Yung C. Shin: Prospects of laser 
welding technology in the automotive industry: A review,  
Journal of Materials Processing Technology, Volume 245, West 
Lafayette, IN, USA, July (2017), 52-54.
[3].	 R. Akhter, W.M. Steen, D. Cruciani: Laser welding of 
zinc coated steel, Proceedings of 6th International Conference 
Lasers in Manufacturing (1989), pp. 105-120
[4].	 G. Chen, L. Mei, M. Zhang, Y. Zhang, Z. Wang: Research 
on key influence factors of laser overlap welding of automobile 
body galvanized steel, Opt. Laser Technol., 45 (2013), pp. 726-733
[5].	 H.C. Chen, A.J. Pinkerton, L. Li, Z. Liu, A.T. Mistry: 
Gap-free fibre laser welding of Zn-coated steel on Al alloy for 
light-weight automotive applications, Mater. Design, 32 (2) 
(2011), pp. 495-504
[6].	 W. Chen, P. Ackerson, P. Molian: CO2 laser welding of 
galvanized steel sheets using vent holes, Mater. De-sign, 30 (2) 
(2009), pp. 245-251
[7].	 M.P. Graham, H.W. Kerr, D.C. Weckman: Laser welding 
of Zn-coated sheet steels, Proc. SPIE, 2703 (1996), pp. 170-180
[8].	 M.P. Graham, D.M. Hirak, H.W. Kerr, D.C. Weck-man: 
Nd:YAG laser welding of coated sheet steel, J. Laser Appl., 6 
(4) (1994), pp. 212-222
[9].	 H. Gu: Laser lap welding of zinc coated steel sheet with 
laser-dimple technology, J. Laser Appl., 22 (3) (2010), pp. 87-9
[10].	 S.J. Lee, S. Katayama, Y. Kawahito, K. Kinoshita, J.D. 
Kim: Weldability and keyhole behavior of Zn-coated steel in 
remote welding using disk laser with scanner head, J. Laser 
Appl., 25 (3) (2013), p. 032008
[11].	 L. Mei, G. Chen, D. Yan, D. Xie, X. Ge, M. Zhang:  Impact of 
inter-sheet gaps on laser overlap welding performance for galvanised 
steel, J. Mater. Process. Technol., 226 (2015), pp. 157-168

[12].	 H. Bley, L. Weyand, A. Luft:  An alternative ap-proach 
for the cost-efficient laser welding of zinc-coated sheet metal, 
CIRP Ann. Manuf. Technol., 56 (1) (2007), pp. 17-20
[13].	 R.R.G.M. Pieters, J.G. Bakels, M.J.M. Hermans, G. 
Den Ouden:  Laser welding of zinc coated steels in an edge 
lap configuration,  J. Laser Appl., 18 (3) (2006), pp. 199-204
[14].	 S. Iqbal, M.M. Gualini, A. Rehman: Dual beam method 
for laser welding of galvanized steel: experi-mentation and 
prospects, Opt. Laser Technol., 42 (1) (2010), pp. 93-98
[15].	 Dasgupta, J. Mazumder: A novel method for lap 
welding of automotive sheet steel using high power CW CO2 
laser,  Proceedings of the 4th International Congress on Laser 
Advanced Materials Processing (2006), pp. 1-5
[16].	 X. Li, S. Lawson, Y. Zhou, F. Goodwin:  Novel tech-nique 
for laser lap welding of zinc coated sheet steels, J. Laser Appl., 
19 (4) (2007), pp. 259-264
[17].	 Y.F. Tzeng:  Gap-free lap welding of zinc-coated steel 
using pulsed CO2 laser, Int. J. Adv. Manuf. Technol., 29 (3–4) 
(2006), pp. 287-295
[18].	 Y.F. Tzeng, F.C. Chen: Effects of operating parame-ters 
on the static properties of pulsed laser welded zinc-coated Steel 
Int. J. Adv. Manuf. Technol., 18 (9) (2001), pp. 641-647
[19].	 J. Ma, M. Harooni, B. Carlson, R. Kovacevic:  Dis-similar 
joining of galvanized high-strength steel to aluminum alloy in 
a zero-gap lap joint configuration by two-pass laser welding, 
ater. Design, 58 (2014), pp. 390-401
[20].	 J. Ma, F. Kong, B. Carlson, R. Kovacevic:  Two-pass 
laser welding of galvanized high-strength dual-phase steel for 
a zero-gap lap joint configuration, J. Mater. Process. Technol., 
213 (3) (2013), pp. 495-507
[21].	 S. Yang, R. Kovacevic:  Laser welding of galvanized 
DP980 steel assisted by the GTAW preheating in a gap-free lap 
joint configuration, J. Laser Appl., 21 (3) (2009), pp. 139-148
[22].	 W.S. Miller, L. Zhuang, J. Bottema, A. Wittebrood, P. 
De Smet, A. Haszler, A. Vieregge:  Recent development in 
aluminium alloys for the automotive industry, Mater. Sci. Eng. 
A, 280 (1) (2000), pp. 37-49
[23].	 J. Milberg, A. Trautmann:  Defect-free joining of zinc-
coated steels by bifocal hybrid laser welding, Prod. Eng., 3 (1) 
(2009), pp. 9-15
[24].	 Kovács Tünde: Laser Welding Process Specification Base 
on Welding Theories, Procedia Manufacturing, Vol.22. 2018. 
p. 147-153, https://doi.org/10.1016/j.promfg.2018.03.023


