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Abstract 25 mm thick 27SiMn high strength steels are welded with the fiber laser-metal active gas (MAG) hybrid
welding method, and the microstructures and mechanical properties of the welding joints are analyzed. The results
show that the weld seam and heat affected zone of the root-face pass of the joints are mainly composed of
martensite. The weld seam of the filler pass mainly consists of intragranular acicular ferrite, a small amount of pre-
eutectoid ferrite and upper bainite, and the microstructure of the heat affected zone is mainly martensite. The
microhardness distribution of welding joints is not uniform and the highest microhardness of the root-face pass is at
the weld seam. The highest microhardness of the filler pass is in the coarse grain area, and the lowest
microhardness is in the base metal. Tensile specimens are all broken in base metals. The impact experimental
results show that the brittle fracture zone and toughness fracture zone exist in the impacted fracture of the weld at
the root-face pass, while the toughness fracture zone is observed in the impacted fracture of the weld at the filler
pass.
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Table 1 Chemical compositions of 27SiMn high-strength steel and GHS-70 wire (mass fraction, %)

Ttem C Si Mn P S Cr Ni Mo
27SiMn base metal 0.25 0.97 1.40 0.015 0.007 0.087 0.056 0.028
GHS-70 wire 0.08 0.60 1.45 0.005 0.008 — — —
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Fig. 1 Schematic of welding experiment
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Fig. 2 Schematic of (a) groove and (b) filling sequence
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Table 2 Process parameters of welding

Layer Laser Welding Welding Arc
Defocusing /mm
number power /kW speed /(memin ') current /A voltage /V
1 9.0 1.2 0 220 22
2 1.5 0.9 0 220 22
3-4 1.5 0.9 0 280 28
5 1.5 0.9 0 330 30

52 58 WL T B AR RS L T IR BR800 206 A RN R £ s b R TP TS Zeiss 4 AH i BB 23 30l WL 4%
A5 J2 R EE RS R DX O ZH Y . SR JH 4 1 Sl B BE T 00 4 A 4 S A R BRI B 3RO 1 kg iR I R A
15 s, RMZIREM RHR I LAE 2 0 55 F T BEAT R i 56, i B9 RS i 3 s . 4% 18 GB2652-2008 F
W45 R SF 9 10 mm X 10 mm X 55 mm B ik e
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Fig. 3 Size of tensile sample

3 iR 54
31 EABREELMEARR
3t XS R AR L R R B AL e i RSO B L 4% GB/T3323-2005 bR i K 48 1T

SESFH R T P, 27SiMn AARHEERE L AR MBS A& 4 e, o] LU 3L Bl 08 9 kW o6 il B8 7 1T

&4 R Sk ny R R A
Fig. 4 Macromorphology of welding joint
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Fig. 5 Zone distributions of welding joint. (a) Root face; (b) filler pass
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Fig. 6 Microstructures of WSZ and BM of welding joint. (a) WSZ of root-face pass; (b) NRZ of filler pass;
(c) RZ of filler pass; (d) BM
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Fig. 7 Microstructures of HAZ. (a) CFZ of root-face pass; (b) FGZ of root-face pass; (c¢) TZ of root-face pass;
(d) CFZ of filler pass; (e) FGZ of filler pass; (f) TZ of filler pass
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Fig. 8 Microhardness distributions of welding joint at different positions
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Fig. 9 Tensile test. (a) Macrophoto of tensile sample; (b) tensile test results
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Table 3 Impact results of welding joint at different positions

Position Impact energy /J
Base metal 38
WSZ 44
Root-face pass
HAZ 62
WSz 114
Filler pass
HAZ 74
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Fig. 10 Microstructures of impact fracture at WSZ of welding joint. (a) Root-face pass; (b) partially enlarged
view of position 1 in Fig. 10(a); (c) partially enlarged view of position 2 in Fig. 10(a); (d) filler pass;
(e) partially enlarged view of position 3 in Fig. 10(d); (f) partially enlarged view of position 4 in Fig. 10(d)
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