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Technological bend tests of the laser welded joints were 
performed on samples having a width of 20.0 mm according 
to the PN-EN 910:1999. Samples for the bend test were cut in 
the same way as the samples for tensile tests, perpendicularly 
to the joint axis. 

  a)   b)

Fig. 2. Microstructure of the base metal (BM) of the 5.0 mm thick 
S700MC steel sheet at different magnification, 3% Nital etched, Table 1

  a)   b)

Fig. 3. A view of the prototype experimental stand for automated laser 
welding (a) equipped with the fixture device and shielding nozzles for 
protection of weld pool and root of the weld (b), Table 3

Finally, the impact test were performed according to PN – 
EN 10045-1 standard. Two impact test samples were prepared 
and tested for each laser welded joint. Result of the tests, 
measurements and analysis are given on the Fig. 4 to 11 and in 
the Table 4 to 8.

3.	 Results and discussion 

All the test butt joints produced by autogenous laser 
welding using the disk laser are fully penetrated over the 
entire length, as shown in Fig. 4 and 5. The fusion zone shapes 
(configuration) as well as width of weld faces and roots of the 
butt joints are similar to the bead-on-plate welds produced at the 
same parameters and discussed in the ref 34, Table 4, Fig. 5. The 
butt joint B welded at laser power 2.5 kW and welding speed 
500 mm/min, thus heat input 300 J/mm, showed smooth and 

even surfaces of the face and root as well, slightly convex but 
without undercuts, Fig. 4b and 5b. Fusion zone shape is proper, 
although single and small size pores with a diameter below 0.15 
mm were found on the cross-sections, Fig. 5b. The butt joint C 
welded at laser power 3.3 kW and welding speed 1000 mm/min, 
thus heat input almost 200 J/mm, showed flat and even surface 
of the root but slight undercuts of the weld face, Fig. 5c. Fusion 
zone in X configuration also is proper but some small pores were 
found on the cross-sections with a maximum diameter below 0.1 
mm, Fig. 5c. The butt joint A welded at minimum heat input of 
about 130 J/mm, at laser power 3.3 kW and welding speed 1500 
mm/min, showed rather a  columnar shape at the depth/width 
ratio about 2.5, Fig. 5a. Surface of the root is flat and even but 
the weld face is slightly hollowed, Fig. 4a.

    a)

    b)

Fig. 4. A view of the weld face (top surfaces) and root (bottom) of the 
5.0 mm thick butt joints of S700MC steel produced by autogenous 
laser welding (Table 4); a) at minimum heat input of 132 J/mm (3.3 
kW, 1.5 m/min), joint A and b) at maximum heat input of 300 J/mm 
(2.5 kW, 0.5 m/min), joint B

TABLE 4
Parameters of autogenous laser welding of 5.0 mm thick butt joints of S700MC steel by disk laser TruDisk 3302, Fig. 3, Table 1-3

Test butt joint
Output laser 

power
(W)

Welding speed 
(mm/min)

(mm/s)

Heat input
(J/mm)

Width of the 
weld face

(mm)

Width of the 
weld root

(mm)
Remarks

A 3300 1500 (25) 132 1.98 1.35 PP,GL, UF
B 2500 500 (8.33) 300 3.6 2.3 PP,GL
C 3300 1000 (16.6) 198 2.9 1.8 PP,GL, UF

Remarks, other parameters of  butt joints laser welding: wavelength of laser radiation 1.03 µm, focal length of focusing lens: 200.0 mm, focal length of collimator lens: 200.0 mm, 
fiber core diameter: 200.0 µm, nominal beam spot diameter: 200.0 µm, shielding nozzle diameter: 8.0 mm, shielding gas: Ar (99.999%), gas feed rate on the top surface (face of 
weld): 10.0-12.0 l/min, gas feed rate from root side: 3.0 l/min, Quality assessment of the welds: FP – full penetration, FF – flat wed face, UF – undercut of wed face














