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Abstract: To investigate the influence of laser loading modes on the microstructure and mechanical properties of Inconel
625 welded joints, autogenous butt welding of 1 mm-thick Inconel 625 sheets was conducted using three loading modes:
conventional Gaussian laser mode (GHS-LW), constant-power galvanometer scanning mode (CPM-LW), and full-domain
power modulated galvanometer mode (FDPM-LW). The weld macro-morphology, microstructural characteristics, secondary
phase distribution, and mechanical properties under the three modes were comparatively analyzed using SEM, EDS, and
EBSD. The results indicate that the circular oscillation of the laser beam in galvanometer modes induces a stirring effect on
the molten pool, reducing the temperature gradient during solidification and promoting dendrite fragmentation, which signifi-
cantly increases the proportion of equiaxed grains in the weld center and reduces the precipitation of Laves phases with finer
and more dispersed distribution. Compared with GHS-LW, the tensile strength of CPM-LW and FDPM-LW joints increases
by 9.9% and 8.7%, respectively, and the elongation increases by 25.2% and 32.6%, respectively, with notable improvements
in weld center microhardness. The FDPM-LW mode achieves superior equiaxed grain refinement through gradient power in-

put that generates more intense molten pool stirring. Modifying the molten pool dynamics via beam oscillation serves as an
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effective approach for grain refinement, Laves phase suppression, and consequent enhancement of the comprehensive me-

chanical properties of Inconel 625 welded joints.
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Fig. 1 Schematic diagram of laser welding equipment
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Fig. 2 Schematic diagram of FDPM-LW mode: (a)Schematic of the

device; (b)Schematic of the power setting; (¢)Schematic of the scan-

ning trajectory
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Table 1 Chemical composition of Inconel 625 sheet(wt. %)

13

23

C Cr Mo Nb Al Fe Mn Si Ti Ni
0.1 20~23 8&~10 3.15~4.15 04 50 05 05 04 Bal

R2 HAEBERIZESH

Table 2 Laser welding process parameters

L, OBTIE MRHEEUE R IR RGP
C YIRS ’ L
/W /(mm-+s™) /(L min™") /mm /Hz
GHS-LW 1400 10 15 0 0
CPM-LW 1400 10 15 1 100
FDPM-LW 1400 10 15 1 100

it F 4485 i 8 64058 (SEMD) it & EDS RE (Y
XPRL AT 1 R R v () 5 AR R AT USR5 LA 4y
1o SEM 452k 5 B fiT 8 (electron backscatter dif-
fraction, EBSD) 3k 31>k FH HKL Nordlys Channel 5
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FGPHT o il 2% A AR URE A EBSD URE R, 15 S8 (]
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Fig. 5 Different Weld surface forming in different imposition modes:
(a)front GHS-LW; (b)back side of GHS-LW ; (¢) CPM-LW front side;
(d)Back side of CPM-LW; (e) FDPM-LW front side; (f)back side of
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Fig. 6 Schematic diagram of molten pool and melt flow: (a)no oscilla-

tion; (b)circular oscillation
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Fig. 7 Effects of G and R on solidification morphology and rate
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Fig. 8 Metallographic organization of GHS-LW weld cross-section
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Fig.9 Metallographic organization of GHS-LW weld surface: (a)left

side of the weld; (b)right side of the weld; (c) center of the weld; (d)iso-

metric crystal at the center of the weld

10 CPM-LW B48mE&HHAR

Fig. 10 Metallographic organization of CPM-LW weld cross-section
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Fig. 11 Metallographic organization of CPM-LW weld surface: (a)left
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side of weld; (b)right side of weld; (c)equiaxial crystals in the center of

weld; (d) columnar crystals in the right side of weld
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structure: (a)no beam oscillation; (b) there are beam oscillations
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Table 3 EDS results at different points in Fig. 15(wt. %)

Ni Cr Mo Nb
w1 46.4 18.9 17.9 13.7
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Fig. 15 SEM image of precipitated phase in GHS-LW weld zone
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Fig. 16 Morphological distribution of Laves phases under different imposition methods: (a) GHS-LW; (b) CPM-LW; (¢) FDPM-LW

Fig. 17
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Grain orientation distribution in the center region of Inconel 625 weld under different imposition modes: (a) GHS-LW; (b) CPM-LW; (c¢)

FDPM-LW
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Fig. 19 Stress-strain curves of Inconel 625 welded joints under differ-

ent loading modes
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Table 4 Mechanical properties of welded joints in different imposition

modes
PR R /MPa g,,/MPa /%
GHS-LW 656.04 371.05 16.70
CPM-LW 720.69 373.59 20.91
FDPM-LW 713.30 371.05 22.14
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Fig. 20 SEM image of fracture of Inconel 625 tensile specimen under different imposition modes: (a.b) GHS-LW; (¢.d) CPM-LW; (e.f) FDPM-LW
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Fig. 21 Hardness distribution of welded joints in three laser modes
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