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Abstract In order to obtain smooth surface of thin-walled parts. single-trace cladding experiments are carried out
for DZ125L superalloy by laser metal direct forming (LMDF) technology using different combinations of process
parameters. Influence of the process parameters (such as laser power, scanning velocity, powder mass flow rate and
Z-increment ) on height, width, aspect ratio and forming quality of single-trace cladding layer is studied
systematically, by which the process parameters are optimized. In order to characterize geometrical features of
single-trace cladding layer, a new method of three-dimensional (3D) characterization of energy density is proposed
and the corresponding formulas are derived. From aspect ratio. dilution rate and energy density, the matching
relationship between good cladding layer and its process parameters is clarified, which provides the foundations for
further research into determining the process parameters according to design of cladding layer size. Experimental
results show that the forming quality of thin-walled parts is obviously improved with smooth surface and no macro-
defect by optimizing the process parameters.
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Table 1 Composition of DZ125L powder (mass fraction, %)

C Cr Co Mo W

Al Ti Ta B Ni

0.09 9.70 9.64 2.18 7.14

4. 90 3.12 3.78 0.015 Balance

%2 316L A AR A9 fL 2 sy (B aE 238 )

Table 2 Composition of 316L stainless steel substrate (mass fraction, %)

C Cr Ni Si

Mo P S Fe

0.024 16. 75 10. 17 0.51

2.05 0.024 0.003 Balance
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Fig. 1 Schematic of LMDF process
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Table 3 Process parameters of LMDF

Parameter Value
170, 200, 230,
Laser power P /W
260, 290, 320
Scanning velocity V' /(mm/s) 6, 8, 10
. 3.6, 4.9, 6.0,
Powder mass flow rate M, /(g/min)
7.3, 8.6
Beam diameter D /mm 0.5
Shielding gas flow rate ¢ /(L/min) Ar, 3.5
Carrier gas flow rate Q /(L./min) Ar, 8
Z-increment AZ /mm 0.1
w
sectional area of cladding H
layer S|
sectional area of remelted
zone S, h

substrate

& 2 BE B2 R B A
Fig. 2 Schematic of cross-sectional single-trace

cladding layer
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Fig. 3 Cross-section morphology of single-trace cladding

layer with different process parameters
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Fig. 4 Influence of the processing parameters on height of single-trace cladding layer. (a) Laser power;

(b) scanning velocity; (¢) powder mass {low rate
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Fig. 5 Influence of the processing parameters on the width of single-trace cladding layer. (a) Laser power;

(b) scanning velocity; (¢) powder mass {low rate
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Fig. 6 Mathematical model of cladding layer profile
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Table 4 Experimental results and calculated values from related parameters
Laser Scannin Powder Remelt Ener
p()d\:z}r SVLelocityg feeder rate Width Height Ze:thed ASPeCt Dilution densiglz
P/W  V /(mm/s M, /(g/miny /™™ H /mm h /mm rtio A xate /A g
200 6 6 0.429 0.122 0.039 3.528 24.2 684. 666
200 8 6 0.437 0.109 0.031 4.016 22.4 585. 394
200 10 6 0.435 0.078 0.037 5.543 32.3 581. 450
230 6 6 0.475 0.132 0. 044 3.595 25.0 649. 982
230 8 6 0. 466 0.109 0. 049 4,274 31.1 560. 372
230 10 6 0.461 0.099 0. 046 4. 650 31.6 497.738
260 6 6 0.495 0. 159 0.047 3.105 22.7 591.171
260 8 6 0. 488 0.122 0.041 4,013 25.4 584. 491
260 10 6 0. 490 0.102 0. 057 4. 780 35.6 484.161
290 6 6 0. 549 0. 159 0. 057 3. 447 26.5 573.626
290 8 6 0.536 0.124 0.067 4,315 34.9 510. 759
290 10 6 0.522 0.094 0.067 5.575 41.7 506. 659
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Fig. 8 Thin wall samples with (a) not-optimized and (b) optimized process parameters
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