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Abstract: Laser directed energy deposition enables near-net-shape fabrication and efficient repair of complex hot work

tool steel components, offering clear advantages for the manufacturing and remanufacturing of dies used under high-
temperature service conditions such as hot forging and die casting. However, during the forming process, fluctuations in
process parameters tend to affect the morphological characteristics of the molten pool, while unreasonable matching of
process parameters can easily induce forming defects such as pores and cracks, thereby restricting the stability of forming
quality. To clarify the influence mechanisms of processing parameters in the laser directed energy deposition forming
of hot work tool steel, and focusing on the correlations among processing parameters, molten pool morphology, and
forming quality, the single-layer single-track, single-layer multi-track, and multi-layer multi-track deposition experiments
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were carried out sequentially to systematically investigate the regulatory effects of key processing parameters on the
evolution of molten pool morphology and the forming quality of deposited parts in this study. The results indicate that
laser power and scanning speed dominate the melting depth and width of the molten pool, while the powder feeding rate
acts synergistically with them to determine the molten pool filling state; when the overlap ratio i1s in the range of 30%-
50%, the defects such as inter-track grooves, unilateral accumulation, and interfacial gaps can be effectively avoided;
within the optimal forming process window established by the appropriate matching of laser specific energy and absolute
powder feeding rate, complete powder melting, sound interlayer metallurgical bonding, and sufficient gas escape can
be ensured, resulting 1n a relative density exceeding 99% without obvious defects. In contrast, deviations from this
parameter window lead to defects such as lack of fusion, cracks, or keyholes caused by an imbalance between energy
input and powder supply, thereby deteriorating the forming quality. These results clarify the regulation mechanism of
processing parameters on molten pool morphology and provide experimental basis for process parameter optimization
and forming quality control in the laser directed energy deposition fabrication of hot work tool steel.

Key words: laser directed energy deposition; hot work tool steel; process parameter; molten pool morphology; forming
quality; metallurgical bonding; process window; defect control
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Fig. 1 SEM images and the particle size distribution of the powder
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Tab. 3 Single factor variable process parameters
%>  P/W V/(mm-min') f/(g'min’) E/(J:mm”) it P/W  V/(mm-+min') f/(g'min') E/(J-mm?)
1" 900 300 6 60 197 1 500 300 6 100
2 900 360 6 50 20" 1500 360 6 83.33
3 900 420 6 42.86 21" 1 500 420 6 71.43
4 900 300 7 60 por 1500 300 7 100
5" 900 360 7 50 23" 1500 360 7 83.33
6 900 420 7 42.86 24 1 500 420 7 71.43
7" 900 300 8 60 25" 1 500 300 8 100
8" 900 360 8 50 26" 1 500 360 8 83.33
9’ 900 420 8 42.86 o7 1 500 420 8 71.43
10" 1200 300 6 80 28" 1 800 300 6 120
11° 1200 360 6 66.67 29" 1 800 360 6 100
12 1200 420 6 57.14 30 1 800 420 6 85.71
13 1200 300 7 80 31° 1 800 300 7 120
14" 1200 360 7 66.67 32" 1 800 360 7 100
15" 1200 420 7 57.14 33" 1 800 420 7 85.71
16" 1200 300 8 80 34 1 800 300 8 120
17" 1200 360 8 66.67 35" 1 800 360 8 100
18 1200 420 8 57.14 36" 1 800 420 8 85.71
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Fig. 4 Single channel surface morphologies under different parameters
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Fig. 5 The cross-sectional morphologies of the single-layer LDED deposits under different laser power, scanning speed and powder feeding rate combinations
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Tab. 4 Statistics of geometric parameters of molten pools under different process parameters

TR h/mm W/mm H/mm /% K 2o h/mm W/mm H/mm /% K

1" 0.345 1.865 0.603 36.4 3.09 19 0.557 3.216 0.705 44.1 4.56

2" 0.284 1.635 0.455 38.4 3.59 20 0.520 3.014 0.554 48.4 5.44

3’ 0.220 1.345 0.346 38.9 3.89 21" 0.432 2.950 0.435 49.8 6.78

4" 0.345 1.851 0.691 33.3 2.68 227 0.557 3.216 0.795 41.2 4.05

5" 0.281 1.635 0.570 33.0 2.87 23" 0.515 2.973 0.691 42.7 4.31

6" 0.220 1.342 0.422 34.3 3.18 24" 0.428 2.824 0.601 41.6 4.70

T 0.339 1.851 0.878 27.9 2.11 25" 0.554 3.203 0.949 36.9 3.38

8" 0.281 1.608 0.658 29.9 2.44 26" 0.514 2.986 0.761 40.3 3.93

9 0.219 1.342 0.554 28.3 2.42 27" 0.428 2.811 0.599 41.7 4.70

10* 0.435 2.743 0.664 39.6 4.13 28" 0.638 3.689 0.759 45.6 4.86

11° 0.365 2.378 0.565 39.2 4.21 29" 0.569 3.446 0.632 47.4 5.45

12° 0.319 2.041 0.409 43.8 4.98 307 0.520 3.327 0.454 53.4 7.33

13 0.434 2.743 0.738 37.0 3.72 317 0.635 3.676 0.850 42.8 4.32

14° 0.364 2.378 0.639 36.3 312 32 0.569 3.446 0.720 44.1 4.78

15" 0.318 2027 0.523 37.8 3.88 33" 0.515 3.324 0.647 44.3 5.14

16" 0.434 2.730 0.927 31.9 2.94 34" 0.636 3.662 0.976 39.5 3.75

17 0.362 2 351 0.719 33.5 3.27 35" 0.565 3.432 0.800 41.4 4.29

18 0.318 2.027 0.616 34.0 3.29 36" 0.512 3.324 0.723 41.5 4.60
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Fig. 6 Surface morphologies of single-layer multi-pass LDED deposits

under different lap joint rate and laser power combinations
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