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ABSTRACT: The work aims to address issues such as deterioration of welded joints for automobiles high-strength steel
SG1000, and research the mechanical properties of SG1000 laser composite welding. Equal strength matching welding wire
MG90-G was used to perform laser composite welding on high-strength steel SG1000. The welded joint was subject to tensile
and low-temperature impact toughness tests. The microstructure and fracture surface of the weld were analyzed with scanning
and hardness monitoring equipment. As a result, due to the preheating effect of the laser, the weld seam of the high-strength steel
SG1000 laser composite welding forming part had good appearance, the welding process was stable and reliable, and the depth

of the welding pool was deep, effectively mitigating defects such as undercut, spatter, and porosity in traditional welding. The
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weld microstructure was mainly composed of flat noodles martensite and austenite grains. The flat noodles martensite and aus-
tenite grains in the overheated zone of the heat affected zone were relatively coarse, while the welding base metal was mainly
fine flat noodles martensite and austenite grains, the tensile fracture of welding was mainly composed of small and shallow dim-
ples, and there were anomalies such as second phase and inclusions at the bottom of the dimples, welding tensile fracture at the
heat affected zone and had a microscopic morphology of ductile fracture. The impact microstructure was mainly composed of
quasi cleavage small planes and river patterns, and there were a certain number of staggered distribution dimples for varying
sizes, welding impact fracture at the heat affected zone and the microstructure was also ductile fracture. In conclusion, the grain
size in the heat affected zone of weld is larger than that in the non heat-affected zone, and the tensile and impact fracture occurs
in the heat affected zone. With the increase of laser power, the mechanical properties of composite welded joints show a gradu-
ally increasing trend; With the increase of welding speed, the mechanical properties of composite welded joints show a trend of
first increasing and then decreasing. The optimal process parameters for laser composite welding of high-strength steel SG1000
are laser power of 9.5 kW, welding speed of 0.8 m/min, corresponding yield strength of 1072 MPa, tensile strength of
1 175 MPa, fracture elongation rate of 13.5%, energy absorbed of 30.8 J, and microhardness of the weld center of 342HV.
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Fig.2 Principle of laser composite welding and weld laser identification: a) laser composite welding; b) weld laser identification
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Tab.1 Chemical compositions of base metal SG1000 steel and welding wirefiller material wt.%
Type C Mo Si Mn P S Cr Cu Other
SG1000 0.18 0.38 0.27 1.46 0.013 0.002 0.305 0.001 Bal.
MG90-G 0.07 0.63 0.40 1.75 0.006 0.006 0.65 0.00 Bal.

&2 134 SG1000 MR IELIEFEM B HFHRE

Tab.2 Mechanical properties of base metal SG1000 steel and welding wirefiller material

Type Yield strength/MPa  Tensile strength/MPa  Elongation/%  Energy absorbed by impact fracture at —40 ‘C/J
SG1000 =960 980-1 200 =12 =13
MG90-G 1075 1125 12 67
x3 HAEEGBREIZSH
Tab.3 Process parameters of laser composite welding
Type Welding Wire feeding Laser Welding Welding (\;;)erlrc?i?qt;ogu?lf Welding gun
e -1 | . TS|
speed/(m'min ') speed/(m'min ') power/kW  current/A  voltage/V arc length/% airflow/(L-min ")
Backing welding 0.6-0.9 4.0 5-10 250 20 0-1 15-20
Filling capping welding 0.6-0.9 10 5-10 300 30 2-3 15-20
R30 45° "
y y » 6 -~
/Y \ 4
q : ’ ,
y
< 75 5 30 j . R
Unit: mm a PR EIREE b iR IRAE Unit: mm

K 3

WOCE A IRER . vh g

Fig.3 Laser composite welding tensile and impact test specimens: a) tensile test specimens; b) impact test specimens
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Fig.4 Specimen microstructure, impact fracture, and Vickers hardness testing equipment: a) Axio Scope A1 optical microscope;
b) EVO18 scanning electron microscope; ¢) WILSON VH11.2 Vickers hardness tester
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Fig.5 Macro morphology of laser composite welding of

high-strength steel SG1000 at different laser power when
the welding speed is 0.8 m/min:
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Fig.6 Docking interface and interface morphology of high-strength steel SG1000 laser composite welding when the laser
power is 9.5 kW and the welding speed is 0.8 m/min: a) docking interface; b) docking interface morphology
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Fig.7 Flaw detection results of weld seams of high-strength steel SG1000 laser composite welding when the laser power
is 9.5 kW and the welding speed is 0.8 m/min
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Fig.8 Welding pool morphology of weld seams of high-strength steel SG1000 laser composite welding under different laser power
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Fig.9 Welding pool morphology of weld seams of high-strength steel SG1000 laser composite welding
under different welding speeds
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Fig.10 Microstructure and morphology of heat affected zone boundary in high-strength steel SG1000 laser composite
welding: a) weld seam zone; b) heat affected zone
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Fig.11 Internal morphology of high-strength steel SG1000 laser composite welding when the laser power is 9.5 kW and the
welding speed is 0.8 m/min: a) microstructure of weld seam; b) morphology of over heated zone; c) welded joint;
d) normalized zone microstructure of heat affected zone; e) incomplete normalized zone microstructure
of heat affected zone; f) base metal microstructure
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Fig.12 SEM morphology of fracture surface of high-strength steel SG1000 laser composite welding when the welding speed of
0.8 m/min: a) tensile test (8 kW); b) tensile test (9.5 kW); ¢) impact test (8§ kW); d) impact test (9.5 kW)
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Tab.4 Mechanical properties of composite welded joints under different laser power and welding speeds

Laser Welding speed/ Yield Tensile . Energy absorbed by im- Microhardness at the cen-

power/’kW (m'min ") strength/MPa strength/MPa Elongation/% pact fracture at =40 ‘C/J ter of the weld seam(HV)

5 0.8 1034 1120 12.1 26.0 295

6.5 0.8 1 048 1136 12.4 27.3 308

8 0.8 1 056 1150 12.8 28.5 320

9.5 0.8 1072 1175 13.5 30.8 342

8 0.6 1 041 1135 12.2 26.8 305

8 0.7 1 048 1142 12.5 27.6 312

8 0.8 1 056 1150 12.8 28.5 320

8 0.9 1 050 1143 12.6 28.0 315
3 g:lél:i/lf\. Fracture Toughness of Welded Joints of High-strength
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